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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

fluid can backfl ow

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 bé.

produced through a single flowline. In a typical installation, the products from each individual

well flow are combined into a common flowline, which then carries the products to the surface or

~ combines those préducts with the products of other flowlines. The difﬁcﬁlty in managing a

multiple well c'o.mpl.etion 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 (liquids 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 aﬁove

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



wel | may danmage the well anchor reservoir. Simlarly, if one well is
producing at a pressure above the flowine pressure, that well may produce
at an undesirable flowrate and pressure, again with the potential to
danmage ot her well s 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. [0006] Prior art subsea production
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 typical systenms, where the SCMis |ocated proximate (e.g., within about 30-
f eetf). tAs aongolrbkes/vettindteaontraloodulode reedeninals to eper oredodethe thekepthessur 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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 take 100 to 200 steps to close, although systerns requirin'g a smaller, or larger, number .of steps are -

possible. VEach step involves the‘ actuator 17 receiving a pulse.of hydraulic pfessure, whic.h moves
the actuator, and then a release of that pressure, which allows a spring to return the actuator. to its
 initial position. In typical syétems, where the SCM is located proximate (e.g., within about 30-
fe'et) 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 afc required for the spring to return
the actuator to its initial posiﬁon. 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



actuat ed hundreds, thousands, or even mllions, of tinmes. [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 topside control systeny 20 directly to a
subsea choke 15, bypassing subsea control nodule 40 oil all electro
hydraulic control system Operation of a direct hydraulic control system
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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, the time required for the pressure pulse to trafzel
from the surfacc to the actuator 17 is directly related to the offset distance (umblhcal 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 aémator to its
~ initial position. The time to actuate each step can run into nﬁnutes, thus, with a total of up to 180
steps required to fully actuate the choke, the time required to fully cldse or open the choke is |
considefable.
(0008] 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



[0003] 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 transnitted along an unbilical 34 froma . ,topside control system
20 directly to a Subsea choke actuator system 22, bypaSS|ng subsea control

4 subsea control nodule 40 oil an electro hydraulic control system
Cperation of a direct hydraulic control system would also be as descri bed
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~ from the surface to the choke, and then for the pressure pulse to travcl from the loca] choke
accurnulator to the actuator 17 and roughly two secori.dé'.are. required for the.spr‘ir‘lg.to. 'retﬁ1:n Vtrhel.' |
actuator to its initial position. Thﬁs, with a total of three to four seconds per step and a total of up
~ 10 180 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.



consi derabl e. The power requirenments for this typc of systemare

consi derable. while the unbilical nust have electrical conductoFs 26 and
'1-8 (one for open, one for close) for each choke. tooog] Thus, there
remains a need inThe art for nethods and apparatus for increasing the
responsi veness and speed of choke control systens, especially subsea
systens. Therefore, the enbodinents of the present invention are directed
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el eche i choke gealts] feyerent he monftaceandl adigsta tisd ngbke tor pehighinr adlecdanflow
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directional control valve includes solenoid val ves that, upon
components of the choke, the choke control system, or the choke actuator may also be retrievable
separately Ifrom the other components so as to allow maintenance and replaccment.
[0011] In certain embodiments, the choke control system ineludes one or more valve electronic
modules that receive electric signals from the surface along a single, or dual redun&ant, 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 moduie, 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.



receiving a signal fromthe valve el ectronic nodule, actuate to all ow
hydraulic fluid to flow between a supply and the choke actuator. In the
‘preferred enbodi nents, the hydraulic supply is located proximate to the
choke, such as in™an accunulator, so as to nmninze the reaction tine o
the. hydraulic signal between the supply and the choke actuator. The choke
control system an actuator are preferably integrated into a single package
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[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 t};e ;s.ubsea control module and any ﬁroximate accumuléférs; This system aliows' ‘
direct electrical coxﬁmunicati_on with the choke control system while taking advantage of the
hydraulic supp'ly 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.
[0014] In certain embodiments, the valve electronic module could also'provide the choke and
choke control system with addiltional 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,



hydraul i c supply provided by the main unbitical and any proxi mate

accunul ators. The commanded el ectn'cal signal transmtted along the

‘dedi cated unbilical to the choke control system | -. is received and

anal yzed by the val've el ectronic nodul e to adjust thée choke as desired.
[0014] In certain enbodi nents, the valve electronic nodule could al so
provi de the choke and choke control systemw th additional functionality.
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[0016] Thus, the present invention comprisesl a combination’ 6f _features' and advant_ages that

~ enable it to impro.ve the responsi?eness and performﬁnce of a subsea, or.surfa_ce, choké cdn.trol

system. These and various other characteristics and advantages of the pfesent inven.tion will be

readily‘app-arent 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 i.s made to the

accompanying Figures, wherein:

[0018] Figure 1 is a schematic view of a prior art subs.ea 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

contro} from a surface control system;



[ 0016] Thus, the present invention conprises a conbination of features and
advantages that enable it to inprove the responsiveness and perfornmance of
a subsea, or surface, choke control system These and various ot her
characteristics and advantages of the present invention will be readily
apparent to those skilled in the art upon reading the follow ng detailed
description of the preferred enbodi nents of the invention and by Be;erélng'
to t c ' I NG, I W NGS or
e R e T A g b b %ﬁc&%@encé die
made t e_ acc anyi Fi gures. wherein: [0018] Figure 1 is a schematic
viewf%ﬁ“%ﬁﬁpﬁ%?H§$$C@ﬁﬁgg§“?ﬁbke system having direct hydraulic control -
froma subsea control nodule; [0019] Figure ? is a schematic view of a

pri oi00%} t Fightssbis acnbrraatisyde sl Aahpkrcaatobeistony tithuntegral eloaromts; from a
surface control system [0020] Figure 3 is a schematic view of a prior art
subseee2t hiikeresy st esohhaiin giedi ofemte ehtedimen of anubsda dhbkersgsiatiifidcding @i r ol
system [0021] Figure 4 is a schematic view of a choke control systemwth

I Nt egHoRE cOheS ki NOhGS FidpP42] Figure 5 is a schematic view of one enbodi ment
of a subsea choke systemincluding the choke control systemof Figure 4
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subsea cthoKe system inc ng the choke con system of "Fi'gure
[0024% Fiqure 7.is chematic.view of an alternative choke control system
wi t B IHF%%?*%? chiokp Zertr gty e ¢ EFTESCRI PTI ON OF THE PREFERRED

- EMBCODI MENTS

[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, respecti_\'reiy. The. drawing figures are not
neceslsarily to sc.ale. Certain features 0f the invention may be sho@h éxaggeféted in scale or in
somewhat schematic form and some details of conventional ele_meﬁts may not be sﬁown in the =
interestl' of clarify 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
coﬁsidered 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 cmbodirneﬁts of the present invention provide a number of different

methods and apparatus for affecting control of a choke assembly. The concepts of the invention



[0025] In the description that follows, |ike parts are marked throughout
the specification and draw ngs with the sane reference nunerals,
respectively. The. drawing figures are not necessarily to scale. Certain
features of the invention my he shown exaggerated in 'scale or in sonewhat
schematic form and sone details of conventional elenments may not he shown
inthe interest of clarity and conciseness. The present inventionis .-
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descronbepds eschrised heteim sndyo find dpplikstione oo gthier etlokdatseitbdiesi fifchr enturface
teachings of the enbodinents di scussed bel ow nay be enpl oyed separately or

in adl‘akﬁké%U'aE aliieas &H&Q&Wﬂli@ﬂll} @ctﬁtt@&ilagsenﬂattes aR% Hedid 6§HéIH5tecl'ﬁtgf63§]aan

partlcu ar, various enb O di ment s of he. present |nvent|on provi de”a nunber

of di, n@{r%g{;g es (. g apgﬂéau%tyto FRlcn3hd E51LRE FAUY Efkerd nenﬁp%}%yof

asse e COﬁCEp S O I nvention are e con

subse a C ssenblies but the use of the conce ts. of the pres
i nv Ric DO Srhaamets « Be s R¥SCBpEY i helkge ?“éirsué’g??ké‘%&?é@ﬁbl ies
gener aI ly. The concepts disclosed herein may find application in other '
chokerpesenth| foesexagpddy dhwkeyrdayadole o betpw age veydli gutang\ehanagrar goitrdal | y
ractuated assenblies, both within oilfield technol ogy and other high

pr esaives, etheavy duty applications to which the concepts of the current
invention may be applied. O her enbodi nents of the control system may

i nclpE® FRYhSHRRSR of iUl aRIng de%{ﬁ%ﬂeﬂ%%nﬁ %oee«'attmt&t toGBRY €5 thedaifIpol e or

bel ow the nudlinc/tubing hangers, control valves, eic. [00271 In the

Cont ?chevﬁ:res SRBrd et P Hiced 4SS Gl Be 8£'f1cet fige {08 N8l Srol 'fﬁn&'??o‘i!v TR " er o

downstream system pressure. . These devices may also be known as pressure - control vatves
(PCV). Chokes are available for both fixed and adjustetblc modes of operation and can be used
fer production, drillirtg, 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 i'nelude, 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 surfaec 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



| D of devices incorporating a fixed or variable orifice that is used to
control fluid flowrate or downstream system pressure. These devi ces may
al so'be known as pressuré& control valves (PCV ). Chokes are available for
both fixed and adjustabl e nodes of operation and.cM be used for _
production, drilling or injection applications. Adjustable chokes enable .
the fluid flow and pressure paraneters to be changed to suit process or

P PRyt oD STRaBhanly rBRPRTCEROKES 1 IYnd R HE'SerrBM BT i lracd 110

i m
I he chokes er stepping ty I NI y Vvari ab eype' );

subsea or .surf.ace s rator/proccssing.. unit chqkes (upstream or - ‘
down¥PPe¥ ’?rﬁﬂﬁepgﬂg%ﬁé{ r%’(}g‘? Hls?ﬁi%rg‘ﬂf“(?n%'?ce@ﬂ r?@%?ﬁ“fel% subsea or surface
separator/processing, unit; hydraulic subnersible punp supply chokes;
subs@®9br Canfral syaiemniif maluden pebpkopctugrer 27, rdjrectiendicestoleyalve 129028je FOL
Figure 4 shows one enbodi nent of a subsea choke system 100 including a .
chok@edmaic medde 424, sigreh digent B (which syt tlendi §itADanalhg loptibd daledidiBalj eicarydes an
inlet I 12 and an outlet 114 and controls the flow of fluid fromthe inlet

to thignOUtkighalby) ¥l Hydigulid RPuPe$.t TS valve RMectrBBRhod1O1 26 SRR  hidis
restricts the flow through the choke body. In certain enbodi nent, the choke

cont fgh SUFLEMIAD bl L ACHAN { PGl dobgﬁlq e
ret rf{reve?ét O&{T%e surfsace gal% gh%pglﬁ?ﬁdrﬂ%ﬁge%gﬁt et(rf:l ?él %frgor%]{é el%}é[hleﬁ'%levret for
mai nt,enance _and repl acenent. 0&?91{2 %tro system 1 g) i.ncl udes a _choke
ot (g e Ole 1E€ HAGTER Sy Drogh eI aomresans 13ge e TG hEdtRve.
126, signal input 128 (which may be digital, analog, optical, electrical,
or aifydirestigpad| qongrokivalya| 124 - A sipphh gl hadtantc ifwbditis praddedrive theadlivestional
el ectronic nodul e 126 receives signals froma surface control systemvia
si grahtrbhpeitve 128. along rieslipahiseinpot 5@ - sTignaétaati@c ef kel soleheidvadlves opens
el ectronic modul e 126 transmts signals through electrical connections 132
to tHyer®ok @agidyy ¥ @Bow 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' frond hydfaulic .actu'ation into
Totational motion to open or close the choke insert. Hydraulic conduits 134 and 136 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
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
systemn 20 via an umbilical 30. Umbilical 30 connects, 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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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 the sol enoi‘d-val ves opens hydraulic pathways that allowa
hydraulic signal to travel fromthe directional control valve 1.24 along
. hydraulic conduit 134 or 136.to the choke actuator 122. [00301 The choke
actuator 122 |s preferably a hydraulic stepping actuator of the type

co S ti converts th | | near n.from

Pydr 'Rfaéil s Rl TR KBy ER, R O BPrCAMARS ol e A PERLY PRI B

|nse F%Fraullc condU|ts 134 and 136 provide hydraulic fluid to either
‘Qﬂt‘b © CpRyEd magse v et ur n hydraulic cylinder. These cylinders nove

I i nearl y in response to hydraulic pressure and then return to their initial

posi ©¥938hsUmbilitgl 20 borasitado megsivienjgnctivimugiate Sfckhiph esmes es fhel wandry amtetfie

~directional control. valve 124 rotates the choke actuator a certain

i NCrismedtn thausisagy critivd aiodald Asinteht hodratilieactigdie in tHeS®btea tHR93hlveRedmar ri ng

now to Figure 5, choke 100 is shown renotely controlled froma surface '

contdtpdr fuﬁ?z’t?dn@@@%yﬁfaﬁh@mngmbl | albilRl 3bMRuld §@dch3 E%ﬁéaﬁ dett gatﬁ) rves
as the communi cati On i nk et V\Ben SUbsea contro

f Q. f bl t
fs iﬂ P %lb(i? A0k s5h St Bl R SR  Btatal HARGR RoL B Rel e

3¥ S . via mnres or fiber optic cables and one or nore conduits
pro X Fads SAHEFHRLOTOR Y e istrbyfion Ysiammad Bunbete GRgial odole: [foos2]

Unbi lical 30 connects to nodule junction plate 50 which serves as the

pri ragfgrrechembddiments pmpdule unctien slates¥aprovides ol intarthat entbOvankl nfodeletdddraaul i ¢ -
actuators in the subsea trees, valves, and other functions via hydraulic

| i ndg c6pledJaid td-calpladOvkiteihe h@ﬁlﬁﬂl@d‘ipltlﬂlbﬂwtﬁ@m ltheC@tbsd etttk ir@haingmeREbl Y
and/ or subsea distribution system wth separate or conbined hydraulic and -

el ecffid §@ws the module 40 to be retrieved to the surface for maintenance and replacement as

necessary without disturbing the subsea equipment.
(0033} In a conventional muitiplexed operation, module 40 includes a'pl#rality of electronic
control valves that are actuated by signals sent from thé surface .cb.ntrol system 20. Thése signﬂs
may be sent directly on electrical conductors in umbilical 30 or converted into opticall signals and
tfansmitted 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 coﬁtrol valves. Once acfuated, the electronic control valves open or close specific hydraulic
pathways 60 accessing certain subsea functions. Module 40 receives the supply 6f hydraulic fluid.
from umbilical 30 and, in certain embodiments, provides a reservoir of pressurized hydraulic fluid
for use in actuating subsea functions.
'[0034] For example, if an operator wanted to close a particular subsea valve, signals would be sent
from the surface contro] 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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flying | eads connecting fromthe subsea distribution systemto the subsea
~control nodule. Inits .preferred enbodi nents, nodule junction plate 50
provides an interface onto which nodule 40 can be coupled and de-coupl ed
while the hydraulic plunbing 60 to the subsea functions remains intact.
This allows the module 40 to.be retrieved to the surface for maintenance
and replacenent as necessary w t hout disturbing the subsea eqU|pnent

003

L0 fird hofla SN 0 i deB L L 3RS ‘ﬁ‘fffg&? TR0 R 407 I freg o

f h rf | 20. . Th | b t di tl

ol oot s 6%@@%3%?%5? SIGTIn 1f Cafircd yabe. dRHUBH o auiy ioh 2t O8n BERE & and

transmitted along fiber optic lines in unbilical 30. The fiber optic

si gnfads the esurfaem adé qodeblybsiored| igcprosimiate @guinpreatots, ieftheydiagatly suppbet He
nodul e 40 and converted into electrical signals to actuate the control

val vieglraubo peesaat uad edumnicier ghegivh onlsased it Ii’eg leni¢Bla\685se0 REIH1 P bf fhidsLedeci fic
hydraul ic pat hways 60 accessing certain subsea functions. Mdule 40 :

r ecejouBsnd he vanepl y of hydraulic fluid, fromunbilical 30 and, in certain
enbodi nents, provides a reservoir of pressurized hydraulic fluid for use in

act ns For. ex i f an o era ed to
c o‘sf%%f’%a?‘?? B8t Mool 0 vé’%]el ihird D Gingluks B St e
contr sys em_20, ah&é% uan|I§ t hrough a subsea distribution
syst%ﬁﬁeaaﬂﬂ opdlyreclsndsedr Bigndsp! @&dé’d’ﬁfﬁ‘l&w SHigRII%8 R uPAN chekgypystean A@@ei ved
*by subsea nodul e 40 woul d actuate 11 a directional COMM val ve, which opens
- to alhledwdgaudis supply dech§@ peafitrelyfieedsch pressurioed hpdreulghresémeir (6@., ipnexomate
‘hydraulic actuator, closing the desired valve. Hydraulic fluid, which has

beencptnpewdr) §2, Gﬁmtlhﬁrcﬁ/ltfeﬁ acHuARf POashM| preStRr ip@radtic Al Mk @ignals and
accurul ators, either directly supplies the hydraulic pressure and vol une

for rgatat s@FpIRE ateSroteRthttighGRARIN 86, Ritf ¢BSER R HitchldindmsQe 4on

~providing on/off supply of hydraulic‘supply_ and electrical power for connections 52 and 54.
Communication along signal lead 70, utilizihg electrical or.optical communication signals, may
provide two-way communication With choke control éys.te‘mr 120 for r‘elayi.ng.da\.ta concerning
position, flow rate, flow constituents? et cetera back to surface control system 20. |

© [0036] For the subsea case., the signal 70 and hydraulic 80 flying leads can connect directly from a
local subsea control module 40 or module inounting base 30, as shown in figure 5, or a dedicated
sigﬁal 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
preferably 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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actuating the valve. [00351 In the preferred enbodi nents, nodule junction
plate 50 includes connections 52 and 54 for subsea rigid or flying |eads
for signals 70 and hydraulic supply 80 to supply choke system 1.00. The
hydraulic supply | ead 80 preferably feeds a pressurized hydraulic reservoir
(e.g., proximte. accunmulator) 82, which provides a source of constant
‘pressure hydraulic fluid., The signals and hydraulic supplies are routed

t hr - 40, W ' Sl i di ng
o/ of PPLCR st s i Bl WRPKAS b R RE IRPREE le Bl T
and 54 Communi.cation alo signal lead 70, utilizing electrical or :
opti%ﬁpngﬁﬁﬁﬁﬁpgé&? S?V&ﬁg%s, may provide two-way communication with
choke control system 120 for relaying data concerning position, flow rate,
f 1 oW0®BhsYVihetieniyng dic Hagle nanbilicak sywens i figsiee & owtthe dirggisirabiion) syptowsd] For

t he subsea case, the signal 70 and hydraulic 80 flying | eads can connect

di r eftgure 6 fit may e pteduedd thathiselaydranic sopplprdd attealdinoludenddtipe hpdratlinopblyse 50,
as shown in figure 5, or a dedicated signal |ead cable 75 can be provided

and firRE MA@ tsestaths ifhl xofk Ghakpk alyaralic jsuﬂqg 18 foP¥p&Btind theCiHRkes, se@MIr Ol
system 120, as shown in figure 6. For the tixed stabplate case, the signal

| ead, Gahl Se 49 P [ ' ' -g@% |
dryqﬁ%teaﬁre %g%kég?giﬁg H%Pgﬂ%ﬁﬁgﬁg?ﬁ%hcg Fégﬁ?%?ﬁé%a egﬁgkﬁfgﬁgngem
operat es, sybst ant i al t he sa s the systemdescrihed. in reference to
F oue BN B el I D S AR ST GBRLTT CAEToh DB (R Gt fisce
~control system 20 and the subsea choke 100. Hydraulic suPpIy could al so be
pr oviuBEy) thiriagtthy hyéraphie supmy diact r@allpovityn the plakeaapnirel pysten beBasdi ng
nodul e 40. In other words, a system could be provided where an unbili cal
car rsycomg optigmisl to raoualt indihidual slttdarpgives anahe bpdredivrezppied atl or eedtr khe jhedtivaen t he
surface control systemand the subsea choke. [0037] WWether. using. the
si ngife OBk &alnghy RYRMIRS lidd SiphBim: He dbRe dbkifs tsybteRl 170caThis Watige e
- 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 loop hydraulic system. Application of

the system can be similar for an all electric, or direct electric, control system, with reference to

hydraulic s'upplies and selection changed to electric supplies.

[0038] Regardless of fhe 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 82

{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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floure 6, it my be preferred that the hydraulic supply SO actually include

multiple hydraulic supply lines. For systens with inore than one hydraulic

supply line for operating the chokes, several options are available. One

option is to run ffultiple hydraulic supply lines fromthe junction plate

~Ow th shuttle valves (or other manifolding arrangernent enabling

selecticmof the hydraulic supply) joining the hydraulic supply Iines

i nt \/ [ e o a3esond |on|

muﬁ%ﬁféf ol R RO S L BRe RIS Ao harREiARE of e Phpkdpl e
unct | 50 v 'Ith a si Ie h aulic |i ppl yi ng the choke

JConttfJ PEs Eﬁ‘i‘ﬁ@ capplegs é’r‘r‘%‘ﬁ?eé‘s hePnt Ogd'ﬁ?d“}ﬁ \aﬂfiltg?l CtlEIl Ee HCEHEst phesssure
is provided to the choke control systern throuoh a single control [Iine.

Al t exmhpdingesits/alse plémingier the rgauiremepl foe shddercoprol valvesdnetmntedigithinhbe sohtsala

control nodule with the control nodul e enabling hydraulic supply

sel endduds) pocertinBy chdike.spadehend siehght andét rppod gittgndpare/dx@fa fiyioticnd! fog @hgrpl Y
could be. possible, including a closed | oop hydraulic systen1 Application

of  dohRoIS US WeMas BerdaSing e hdkn fiRE baReh lfalﬁﬁ'b%c(mﬁl?) é?rthéib a6tldidce
control svstern, with reference to hydrau |c supp I es ection

Chaﬁ&%%ofmﬁoﬁén&%&% nCthé H’{Z}ﬁueea%d ft}{e e %5 %%)Zr essaré? gﬁ; %%%gﬁﬁ,g}‘lﬁu ed for

communi ca ace ah Sub<Ea it egration of
t he chokeii ontrol sy éﬁen1120 and the choke actuator 1-2.2 allows the tine
r equPPdy ReETBRS MPde Ot I8 s Sue alifmaliye ok, sonieql system 20 BeshowaucBentidlom
.about one second to about one-tenth of a second, providing hydraulic fluid
's syeesd0 dchides o chele ashiskas, 218 ue Halss leetrones modol 22@.2and(zedigpctional ositradt e
accunul ators . Although time is still required for allowi ng the actuator to
r et umlvet230 dptesatingiihisabstmnially ithe sarhé enetherl & desabadaini @mioh tbhfokhokargtan be
greatly accelerated in conparison to previous systems, especially for
di r @gdterh VA0 aThé Galvy SleeFBnic HASIREI SPFLBNESsi lald EnSY RiAML 8nfq shsrdh via
signal input 202. In response to the signals received, the valve electronic module 220 transmits
signals through electrical connections 2 22 to the solenoid valves of directional control valve 230.
[0040] 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 pathw.ays 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 linear motion from
hydraulic 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
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| onger a function of the subsea Control nodule valves or the | ength and

si zing of the connectinc, ~ tubing, and hydr.aulic couplers between the
control nodule and the choke actuator. These enbodinents also elimnate

t he requirenment for choke control valves nounted within the contro

nodul e, potentially, saving,. space and wei ght and/or providing spare/extra.
functions for other controls as well as increasing, the nmean tinme between

fail 08 'd%ltnﬁ]s'gflégﬁ% lgggssﬁrgepu(f%ngrg{?{/t@&%cﬁoﬁéln&ﬁtro? heRS m&%mﬁe[ gg@g‘ln the

nodul“e contro es are high cycle conponents.

Referring now to Figure 7.. an alternative, choke control system 200 is

s hovif A Gegin lacre Rt Gabiing e gislinens oF dle hOKe PG + 1.0, a val ve

el ectroni ¢ nodul e 220, and a directional control valve 2130 operating in
subsPett | Ghoky qorEokaseheth goagoddecrddianal fncaeralithin haviehare RO
system E.M The val ve el ectronic nodule 21' 20 receives signals froma

sur f ®oere 8 poividiysteedhack 2o thei gl eléatmouic 180duld P20 that pesponbas heentabplisi gnal s
received, the valve electronic nodule 720 transmits signals through

el eclorih€plo @@%%ﬁ{ §t6n %2 theOsolldidi SRl fNRisthei@led® STRE cltikeehir@NAte£OITON O
val ve 23 .p [0 O]gll,% supply of hydraulic fluid ??s provi ded torb?he

directi I ) l G : i on of
A A G N S S e S T R
to travel from.the directional cagntrol valv 0 al on, - hydraulic conduit
232" G syl BEPaiEo G R A 5 Soh e B i 4B oS o ERer bl y
-a hydraulic stepping actuator, of the type comonly used In choke

act Uaireninpilsi chored aybpdisnentiempy msarhays tanorrxfliasyninstimeniatipe igput a0i Bt i nt o
“rotational notion to open or close the choke insert. Qher types of chokes
and wtieke datt fiah orsipus oihbr sensbisnfeaknalgts bateither hhakeke of astfacel the ebhimpen
nodul es, ROV override, et cetera could be controlled simlarly. Hvdraufic
concL{ygtgﬁlS_ZSZ and 234 provide :

[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 Ian indication of flow conditions at the choke and evaluate the
performance of the choke. The system may further provide capability to yield earlj 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 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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h-vdraulic fluid to either an open or close spring-return hydraulic
cylinder. These cylinders nove lineal-1v in response to hydraulic pressure
and then return to their initial positions using a biaslincy 14 spring.
Thus, each pressure pulse fromthe directional control valve 230 rotates
the choke actual-or a certain increnent causing |linear adjustnent of the

choke i " Insert, [0041] Choke control system 200 al so provides
dd f di
?eeh%h%%%hc EELENOk! i) BN B% R o CRRMTE 0 RTIROL Tk L PLA Y 10

to t per .st. ng piston (i.e. the sol enoid val ve has actuated). The
chokgw%%ﬂ¥98mﬂ¥§§$@hl2.00 can al so 'incorporate a position indication

‘device 228 (LNMI or similar) that provides feedback as to the actual

posi ©P43h ‘Bie erpeodimeRrts setforh hemidame argrelyriBustisive end de Reklémidhe saope ofthtes | n
response to control inputs. Sone enbodi ments nmay al so . have-an auxiliary

I nstinuesithadr die tdepild t226nt hit wilt bk | @ptidat shdtraanw atliep unodifibgions englor s
for analysis by either the choke or surface the control . systens. [00421

For eaAsRinfntPiCHBULiRIGNY RErcieARPAIMAR SANSERN Sepaftitldibe heGabgdoPite the
choke inlet arid outlet to nmeasure flow conditions at these points. This -

dat %GO 9 LhaR Haf‘?zf:ﬁtﬁvaenééﬂ E{a@%e‘?&ﬁ kdl% odeR® g%EJu%%nén | 8a¥iﬁ1g£ Er?d s Rt Or'S

i Adi'cation of Oow con I ons e choke and “ev e per or mance
of the choke. The sys . rther pro i de capabilit ield
e (EREBPCT R, Birats” FUEhmt TR Dhargee G HeoReSaRogentd Freptve RO i, st
'sensor positioned upstream of the choke and a second sensor positioned

dowresiuivalant strugtwes eholetertialinkereaties thaweht o gnd becusqrmany maskhessions a2y ter om
previous geonetry change(s) and pressure and tenperature sensors, svstern

di agnadt inake ambodinghistlieesih ddetled iri mabidanceofvits yisd égpctipiove mhaalremer&s ofthecs,
i ncl udi ng the

law, it is to be understood that the details herem are to be interpreted as illustrative and notin 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 arid transmitted along line 226 could be performed |locally by the
choke control s~,stern 2100 at the subsea control nodule, or at the surface
with the data transmtted along-, the electrical |eads. The choke control -
systemmay al so incorporate C., 15 a hydraulic fluid filler (not shown)
mounted internal or external to thg ghpke control systemon the hydraulic
supply line 80. [0043] The enbodi nents set forth herein are nerely

i'lu 'l .do not Iimt the scope of the invention or the details
therzﬁﬁeﬁf¥ﬁa?f " be appreciated that nmany other nodifications and

i nprovenents tq the disclosure herein nmay be nade wi thout departing from

t he gcop GPEHSYSPRGERPIYASor the i nventive concepts herein disclosed.
Because many varying and different -enbodinents may be nade within the
scope of the pinesstatoriadamed iovadjusbihe gpsition ofcdnuadljustpblecpmpeaketrih respousettar es or
materials hereafter thought of, and because nany nodifications may be nade
~in the enbdeduitesigralberein detailed in accordance with the descriptive
requirenents of the law, it is to be understood that the details herein
are to he int ; i i ol L A 16

CLA B What i o Bl o Bt YRS BREIP a2 rom £ MicriR SEB6%0  or
adapt ed t.Q AR if SR8 19RO BafdkgSt 3B1 € component in response to

a valve electronic module adapted to receive input signals from a remotely located
control system and transmit control signals to said directional control valve, wherein said

' actuator, said directional control valve, and said valve electronic module are integrated into

a singie package.

2. The system of claim 1 further comprising a pressure sensor adapted to measure the
hydraulic pressure in said directional control 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 systemn 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.
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hydraulic signals; a directional control valve to supply hydraulic signals
froma hydraulic supply to said actuator in response to electrical
signals; and a valve el ectronic nodul e adapted to receive input signals
froma renotely |l ocated control systemand transmt control signals to-
said directional control valve, wherein said actuator, said directiona
control valve, and said valve electronic nodule are integrated into a

singke pa?lllgf%gtem?of iR 1%&%%1?&%1 Iggd&ﬁ %n%?ééégﬁge ROPRALB] nﬁeo‘?{aet%ﬂél{ €

sensor ada t o .neasure e I n sal Irectron

contr ol | ve and transnjt the pressure.data (o sa.d valve .electronic g
ot B R B R T RIeceapPReRY 2 Plo i hSREBr Rapt ed
to measure the position of said actuator and transmt the position data to
said valve electronic nodule. 4. The systemof claim 1l wherein the

adj ust abl e conponent is a choke and the systemfurther conprises a

pl ur@l i t yTlaf systensafrciaimdaphereinttioe inpatsignalsfand thecthaltadicaupsy iateSrecyredd feam and
downstream of the choke and transmit the flow characteristic data to said

val vesBk&CdohR8l hodMeltbRectdd® BY Sdrfitl9floctadi cthitol YemSliNak BRbIIREEr ated
singl e package is rel easably connectéd to the adjustable conponent and is

retrievable to the surface independently of the adjustable conponent. The
systemof claiml wherein the input si gnals and the h ydraulic supply are

recejved froma subsea control nodul e connected (o the remtely | ocated
Conthol - Sy HETa T B0 dhe TPRY SR otk Gros LAy TRBRETTIPRE | nput
"signals are received directly fromthe renotely | ocated control system
" al orlgeated eoabpksystem along a cable.

8. A subsea choke system comprising:
a surface control system;
a subsea choke;
- a choké control system; and ..
means for providing communication signals between said surface control 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.

0. The system of claim 8§ wherein said means for providing communication signals includes a

cable run between said choke control system and a subsea control module.

10.  The system of claim 8 wherein said means for providing communication signals includes a

cable run between said choke control system and said surface control system.
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A subsea choke system conprising: O a surface control system a subs.-a
choke; a choke control system and neans for providinc, comunication

si gnal s between said surface control system and said choke control system
xherel n said choké control systemincludes a valve “el ectronic nodul e '
adapted to actuate said subsea choke in response to signals received from
said surface control system The svstemof claim@8 wherein said neans for .
~providi ng conu-nuni cation signals a cable run between said choke control
system and a subsea control nodule. 10. The systemof claimsS whcrein said
means_ for_provi-di ng conmuni cation signals _ includes a cable run between said
chokk!- contlolysspsafshimfdfugtherosprisiag ancaphior grovidiag a fydraylicsupply tysaidsy st em
of claims$S further conprising nmeans for providing a hydraulic supply to

sai cchokok@imbeystaph. system. 1?. The system of claim 9 wherein said choke
control system further conprises: a hydraulically operated choke actuator;
a directional control valve adapted to control the flow of hydraulic fluid
to said choke actuator; and a val ve el ectronic nodul e adapted to actuate

sal dyfll T efld S GUNHY wHALiK SaidLhol SRABPGstefh Rk BAMPRES! ved from said

surface control system

a hydraulically operated choke actuator;

a directional control valve adapted to control the flow of hydrauiic 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 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.

15.  The system of claim 1 wherein said choke control system further comprises a plurality of
sensors adapted to measure flow characteristics upstream and downstream of said subsea choke

and transmit the flow characteristic data to said valve electronic module.
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13. The system of claim 12 wherein said choke control system further
conprises a pressure sensor adapted to nmeasure the hydraulic pressure in
-'sai d-directional control valve and transnit the pressure data to said

val ve el ectronic nodule. 14. The system of claim 12 wherein said choke.
control systemfurther conprises a position sensor adapted to nmeasure the
position of said choke actuator and transmt the position data to said

val vgg el e’?ﬁé ﬁdﬂnel whetein 80 RYE &fnﬁop{ysféh?fs rf@:lgsasa &b gﬁé}{e%ca}bq choke
cont 1ol syst er conprlses a pl ural’l Sensor apted to neasure
flow harg %erl E@ rﬁ? S trea ai d sybsea choke and
tran Re %l"la 8 écedléi %Pefl SUS S@QIS C&F¥Fr oni c nodul e. 19

16. The system of claiml1l wherein said choke control system:is rel easably
connected to a subsea choke and is retrievable to the surface independently
of said subsea choke. 17 . A nethod for controlling a choke conprising:

t rankhi t tA nptsiddoatetbilnga chokeomhpisyng: ocat ed control systemto a valve.

el ectronic nodule integrated into a choke control system providing a

hydraul i ¢ supptatsin@tife SlbhR€trbRANAemSRIN Toehed 8dntd] byktas fd4d @zﬁvé Ak@rddte choke
control system convertr ng the signal’s into control signals in the valve

el ect ron'rﬁodﬂ?@fﬁ atdﬁ{ ﬁ&k‘e%gnt&ﬁ@% .signals fromthe valve electronic
nodul e to open tHe |rec onal ~ con "valve to allow hydraulicfluidto_
flow to a choke actuator p

met hod of cl aifi?%7™ é‘ryQTaHl ‘g’

.carried to the :
‘ control system;

Qt ke control system 1S. The
recg?refﬂa@gr ﬁeﬂvwa?%atﬁleﬂg Hsphgkare

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 i_ntegratéd 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.

19.  The method of claim 17 wherein the signals are transmitted directly between the remotely

located control system and the choke contro! system.

20.  The method of claim 17 further comprising:
measuring the hydraulic pressure within the directional control valve; and
transmitting the pressure data to the valve electronic module in order to monitor

‘operation of the directional control valve.
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choke control systemthrough a subsea control nodule. 19. The nethod of
claim 17 wherein the signals are transmtted directly between the renotely
'l ocated control systemand the choke control system. The nethod of claim17
further conprising: neasuring the hydraulic pressure within the directional
control valve; and . transmitting the pressure data to.the valve el ectronic
nmodul e in order to nonitor operation of the directional control valve. The
met hod of claim 17 further conprising: nmeasuring the position of the choke
actuator; and transmtting the position data to the valve el ectronic nodul e
in aorder 1o rmgi#‘}o .ac]ts7u tion of the choke. 22. The nethod of claim 17
f ur tter cﬁ?‘?ﬂp‘?t 7 ﬁ{d%’a Brchngw C&ar acteri stics upstream and downstream
of the choke; and transmitting the flow characteristic data to the valve
el ectronic nndﬂ*?aéuﬁlmgfcbﬁcﬂ@i‘ﬂtl@@)O%ﬁF]@Qﬁe aEBWIBAdi ti ons and choke operat i on.
21

transmitting the pos1t10n data to the valve electromc module in order to monitor

actuation of the choke.

22.  The method of claim 17 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,
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