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

fluids wadesTiadhkdihts dh@e PrRatUhRnEba RIRS g8ehl FyaY GhétRods| AW o 9{9&%& kNS
within that well nmay danage the well and/or reservoir. Simlar if one
vel | i ssyBkdismiriOsyRlenR. PVISRSHH BRI he 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




the flowine pressure, that well may produce at an undesirable flow rate
and pressure, again with 1 the potential to damage other wells and/or the
reservoir. Thus, the managenent of flow rates and pressures is of critical
i mportance in maxi m zing the production of hydrocarbons fromthe

reservoir. [00061 Prior art subsea production systens, including a choke
15, are shown in Figures 1-3. Referring initially to Figure 1, contro
signals and a hydraulic fluid supply are transmtted along an unbilical 30
froma teasidtalaodihgde s eIl 26k/60the L6 a TR teGhanABéhkn offlow WieCdhd
supplies hydraulic fluid to actuators in the subsea trees, manifolds,

val ves, pRBfrRt Resf EMREL RPN aAtO N nhdxifiSingOfle SR 08! hyMRIHBSnELI et he
control nodul e 40 receive signals to open or close the ¢choke, the control
val ves agtugie to control the flow of hydraulic fluid to the choke actuator
17 through either hydraulic line 16, for opening, or hydraulic |ine 18,

for cloghg. e n_choke actuator 17.is .a,hydrauli,c steppin

act uat o@!)&\?\hll)%(i}i,argg%’g%d %)guéélr?nt%’%teg?’y 8luo gaa‘cfjhoéff3 ol(r%’ gﬁeds%%wélkg Elgll%& 1l'J?’s'ed,
may take.100.t.0 200 ste to close, altho .systens requiring a smaller,
or larg ?f,e“%ﬁ’ﬂfﬁ?ﬂzyotf’ HuEpL cgpigol Spoals b & el fﬁlﬂ%ﬁmpwﬁ e Ean; or
17 receivhggga gélse of .hydraulic pressure, which noves the actuator, and
then a V8 & Oofom Hatorfe sutitob sysipm 29 1413 hscaacanppl mgdels 4Vetlich supplics
actuator to its initial position. In typical systens, where the SCMis

| ocat edhyskasie fideto (astugtors i thersubsegbionss, Bifotdsevalvescandrshar Hutcsivncalorg lires
about one second is required for the pressure pulse to travel fromthe
cont r ol 60 ahs/eoniml yabds weth#Othe corttivg madla 40 oecelé sanals tovopenec olvssthackokeetui r ed

for the spring to return the actuator to its initial position. Thus, with

a t ot al coafrolt vatvee aseaoRdDnpelrths 169 ofligdraulicatiad totthe thvke @ctuRBO1 Dihrdilh eitlsdr €S
required to fully actuate the choke, the tinme required to fully cl ose or
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i ncreased due to the conponents being actuated hundreds, thousands, or

even mj ﬁ)jd%ﬁc St@lgpiﬁé ABRFator, 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




[ 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 nodul e 40
on an electro hydraulic control system Operation of a direct hydraulic
control systemwould al so be as described above, since no subsea control
nodule is required, and a direct electric (control) system would operate

si m | ar kopsidBiid] {ent¥Eilinithl fo £QBtaholtd 1eBypalitfe SO odR0linfodaREMEH ANd

al so closed via hydraulic signals transmtted through dedi cated unbilica
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fluid to ec e actua rough eit rau I'ne

openi ng r. hydraulic |ine 18 r _closing. .The cony hoke actuator 17 is
P byar S REbPER kb i Mbsttionll RSt gnd 3 Tre SEFTdeGiai Hhror
and choke heing used, may. take 130- 180 steps to_clqse. Each step inyol ves
the act HAPGroPiRts %E’g‘f’@}” rfémas oY ﬁ@dgatrlmhwﬁah IRes. pﬂ&&ﬁ’ﬁg,w ISAPEI 79 &5t ho
actuator, and then_a rel ease of that pressure, which allows a spring to
return tiReed vighydstube signals fransyited through dedigagnd umbiliga) Bpesa IHysyauhie pignals femt i ne
required for the pressure pulse to travel fromthe surface to the actuator
17 is diheewdgoy comfodthsdlopoolthydragh¢ Bueid tatths chokeactpatabi T fhoaigh leithry hidraylisrine
surface to choke), water depth and actuating pressure, which can be m nutes
per st epp,flarofening, ordfyliswmtis lind\ll §dpr ensiagldThé anahomnimketacmbtot i s 4 bydradiai r ed
for the spring to return the actuator to its initial position. The tine to
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steps required to fully actuate the choke, the tine required to fully cl ose

or open;gongersholefosk.S EaSiPBEh FBSoRRS @he JRRRR 1 7AebdNing at pNeCH! hyﬁfaiélﬁé E@efsgura ubsea

production system including a choke 15, is shown in Figuré | ectrical
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system a%aiato? YPRe %n%gposslﬂposn?%n %Qp?éaf .Q}lfstems, 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




nodul e 40 on an electro hydraulic control system Operation of a direct
hydraul i c control system would al so be as descri bed above, since no subsea
control nodule is required, and a direct electric (control) system would
operate simlarly, mnus any hydraulic control lines. A hydraulic fluid 3
[ supply is stored local to the choke 15, such as in accunul ator 28. The
choke 15 is opened and also closed via electrical signals transmtted

t hrough dedi cated unbilical conductors 26 and 27 to actuate the open and

close fungly RR®redNb& & BE LEJLeak, SLBRGHIcAMRINGCE. VIBR cBkeA 5db bRGbd iediso
control 'valve 38 that regulates hydraulic flow to the open and cl ose

functio f . I : I S.d: Ay | | Wiy Ch~i
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hydr aul i |y alo umbi |i.cal -32., The commn choke tuator. 17 is
v aul PEuRY R dheB REBUTRIEAGH, T8 clecEaCRATRORS FREFST G 4 Mgl PPt ane
choke bei.n ed, ake 100 to 200 ste to.cl pse. .Each step |.nhval ves
Che act Gve38 TR resbBioo magroutic Siide Fiecurs RREps RGBS poFRMRetayr b ol oo
of hydrauljc pressure, which nmpves the actuator, and then a release of the
el ect ri 84§ paResy hydradic fhid issuppdicd o theerabchake apruandaiors 28 mhichy ag refalled by
spring to return the actuator to its initial position. In typical systens,
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fromthe surface to the choke, and then for the pressure pulse to travel
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seconds are required for the spring to return the actuator to its initial
posi ti otw. clddeusEachstep iAvdledsathe adtudtbe ERrdceivingih de@ttmatisoparpuddeefvllawed aytaot al
of up to 180 steps required to fully actuate the choke, the tine required
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for this type of systemare considerable, while the unbilical nust have
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choke. [0009] Thus, "there remai'ns nee art ods and
appar at &?sit{og.r i %{cgﬁs?stglgls,trggghly 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,



responsi veness and speed of choke control systens, especially subsea
systens. Therefore, the enbodinents of the present invention are directed
to met hods and apparatus for controlling choke actuation that seek to
overcone the limtations of the prior art. 4 SUMWARY OF THE PREFERRED
EMBODI MENTS [ ool ol The preferred enbodi nents provide a choke or choke
actuator having an integrated control systemenabling fast closure and
openi ng of the choke. The control systemincludes integral electronics,

such as a val ve el ectsioVATNP@IH BHE PREFERIREDNEMBOISGIEON@] control val ves
and/ or sol enoid val ves, which regulate the flow of hydraulic fluid froma
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system dlrectlonal contr and ydrau supply proxinate to the

choke a%r}‘baotl Wt gﬁ%%&@&%efaét trd Rd ﬁ;{&] Ih%%th pfd) he R géfte&lelﬂ&iggéi

Addi ti ona Sy a SO I nc er elect ronic sen

i nstrunent at,i gn .enabl i n t he .choke contr syste to,nonit ust
e ChoRledy SiboRiaRy il e e s meduies Friting Slreﬂlﬂn%cceaﬁglaﬁaﬂ‘é i th
a predete uctlon schene. Any of. the canponents, of the
choke, Orcﬁ}‘?gek%%dfg es.ovhigh sqgulate the ﬂ@Weoféwgr@éha@P@afm aﬁﬁ%ﬂ?ay%ultfesupply
retrievabl e separateliﬁgron1the ot her conponents so as_to all ow

mai nt enigride chle aceoac Syelasating gl aqntohsystan glinscteavpberntrehvayves; prd kyisadic
control systemincludes one or nore valve electronic nodules that receive
el ect r i sapplygrakimate wrtht blsoks iacfuatos redpongg timss fogklgkeactudtian ancenientipraeduced.
control line(s). The valve el ectronic nodul e processes these signals and
t r ansm Addidbet iembodimeaisgmal dsd iaclade diheestdt@nil seaond firal invtaliventatibh@nabling
directional control valve includes sol enoid valves that, upon receiving a
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to flow between a supply and the choke actuator. In the preferred
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as in an accunulator, so as to mnimze the reaction tine of
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.



the hydraulic signal between the supply and the choke actuator. The choke
control systemand 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. 5 [00121 Incorporating a
val ve el ectronic nodule into the choke control systemallows for gains in
efficiency in actuating the choke directly froma control system|ocated at

the sur{@es. IRbrpoting e WHRL IRYrd e nolRK 8nth AR RKS LARRR s FRAL hiRlwsBHBAifs in
recei ving commands froma control system |ocated at the surface.
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subsea I I and_.the choke ntral .system .The hydraul,ic¢ and
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or passed alo by.the. subsea control dule to the choke contro fem
Ot niveai s St CATRan FOBT B By HBCRSHEN GOt Poprodyet B diioyval ve
el ectroni ¢ nodul e, . processes the signal and actuates the directignal
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al ternative enbodi nent, the surface control systemcould be in direct

el ect r i tglchokeronineli systemo d haihydragliveandeldetricodgnals oyoudd mevsty bshéomamangded byithec
supply is still received via a main unbilical through the subsea control
nmodul e autdcaenntrol sysiempdrepassed alvug &y dres subbti @nsylsmednlatol thevshokdicomnt system.

el ectrical comunication with the choke control system while taking

advant aQeceothet dieztrichyighiah us reeisd ply the chokieO@alubly syisiea, MY Raludictir@ad naddleany
proxi mate accunul ators. The conmanded el ectrical signal transmtted al ong
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anal yzed by the valve electronic nodule to adjust the choke as desired.

[ 00141 I ssidk@i n embodi ments, the valve electronic nodule could al so
provi de the choke and '

[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,




choke control systemw th additional functionality. For exanple, the valve
el ectronic nodule may be equi pped to nonitor pressure transmtters
attached to the directional control valve to nonitor the application of
hydraulic pressure to the actuator. The el ectronic nodul e may al so operate
in conjunction with a position neasurenent sensor to determ ne the actual
position of the choke at any tinme. The electronic nodul e could al so be
used to gather data fromthese and ot her sensors, 6 such as pressure

and/ or LeIEREPAsHTE aBEBSRIPediird BRs& ok ehd sHoRE A hnAWLIA! andihsiniams Whia thi s
data back to the surface to give the operators an indication of flow
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fl ow constituency make-up araneters. [0015) In t referred enbodi nents,
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st eppin tes |l.eading to decreased reactjign time for choke, actuation.
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anal ysis of flow condition at or near the choke, which could lead to

i ndi catPB#HIEWS f| ow characterization and detection of the formation of
hydrates. [0016) Thus, the present invention conprises a conbination of

f eat ur el§01&hdinghivprafeargé smboditmentsnthb ireprioved dokerpmorebsysteen albspdissigefiesdyand
performance of a subsea, or surface, choke control system These and

var i ousinakived gdppingcradsi khiiag @ndecachiahtragien aind i@ phicksentuationenCenginwi | |
be readily apparent to those skilled in the art upon reading the follow ng

det ai | egmisbagadntPhbPRAs@probiae foPhatakd asta@ségﬁ:ﬂiidﬁemdsan it BEflbw\eRdificHat@nd by
referring to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS

near the choke, 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;




[0017] For a nore detail ed understanding of the preferred enbodi nents,
reference is made to the acconpanying Figures, wherein: [0018] Figure 1 is
a schematic view of a prior art subsea choke system having direct hydraulic
control froma subsea control nodule; [0019] Figure 2 is a schematic view
of a prior art subsea choke system having direct hydraulic control froma
surface control system 7 [0020] Figure 3 is a schematic view of a prior
art subsea choke system having direct electric control froma surface

cont rol (a5t Bigure D@24 kelfeh@HE icddv bfa %ﬂ%ﬁ BRGabdes MbIeVsyRIenAhAMOK 8ir&eP Bleb@ic
systemwi th integral electronics; [0022] Figure 5 is a schematic view of

one enbgghg@ﬁ%nfgsd%m§ug§ﬁgl%g@ﬁp systemincluding the choke control system
of Figure 4; [0023] Figure I's a schematic view of an alternative

enbodi of:; . e I i.hg .t ho .0l. system of
Figurenﬁﬁhén%gﬁﬁggg?géFggﬁé%$§¥§£gﬂé% %%%ﬁﬂ%ﬁvﬁgﬁﬁ%ﬁﬁe%ﬁgﬁﬁgéﬁg i ve choke
control temwith integral . electronics. DETAI LED CRI PT1 ON,CF THE
PREFERRIT BB S P aaa vighof Fis SRR g oon “ThaE ShOpSHen PP P, <
are narég% thro ghout he specification and drawi ngs with the sane
referen ﬁﬁﬂ@?ﬁ ystemp gklighiei4el y. The drawing figures are not necessarily
to scale. Certain features of the invention nmay be shown exaggerated in
scal e olBh Figgrenitar seematiariav Pberralisratosnembnsimentofof subseyelivke ghigsm
el ements may not be shown in the interest of clarity and conci seness. The
pr esent inchrdwgthcorhoks camwt extanbdfFigwe dndsldi nents of different forns. There
are shown in the drawings, and herein will be described in detail, specific
[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




enbodi nents of the present invention with the understanding that the
present disclosure is to be considered an exenplification of the
principles of the invention, and is not intended to limt the invention to
that illustrated and described herein. It is to be fully recognized that
the different teachings of the enbodi nents di scussed bel ow may be enpl oyed
separately or in any suitable conbination to produce the desired results.
[0026] In particular, various enbodi ments of the present invention provide
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choke assenbly. The concepts of the invention 8 are discussed in'the
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current invention may be applied. O her enbodi nents of the control system
may i ncP@E"ehléliﬁyr%%%éﬁa‘é’d‘]hﬁé epmications denthirithe concspts of deprugentdnyingien may
downhol e or bel ow the nudline/tubing hangers, control valves, etc. [00271
In the boaprlied. ofthescentsidirsnitn gt dless eontystl  sypiemt ey tinelnde: et lsebses gdinsiebllet o
refer to the famly of devices incorporating a fixed or variable orifice
t hat i scangmdents, frongxaoiple [ahbkbsf Hownhee er drelovd aln studdiactubygt bangorse ssuire.
These devices nmay al so be known as pressure control valves (PCV). Chokes
are avavdlai|@cfor both fixed and adjustabl e nodes of operation and can be

used for production, drilling, or injection applications. Adjustable
chokes @aaplia thd@ntdxdbeiht fQWwARLdesBAiRfBU IR (B3] BRBEL Suded P Rer&hangedmilg suit
process or production requirenents. Types of chokes may include, but are

not | i it &dide® indohhei3Ca FROKES vEMHEE BEFicS HEPR! 0S4 PRl t1hidl A Tk Yor

vari abl e
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




type); subsea or surface separator/processing unit chokes (upstream or
downstream that enable snooth flowinto or out fromthe subsea or surface
separator/processing unit; hydraulic subnersible punp supply chokes;
subsea or surface chem cal injection "netering” chokes, etc. [0028] Figure
4 shows one enbodi ment of a subsea choke system 100 i ncluding 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 fromthe inlet to the

out | et ByntRkydtdE 12065 BQSdhhHICTroRf 1RTLHLRS 86dy { 1Pind SAWMEDE I Sslshitsdes the
fl ow t hrough the choke body. In certain enbodi rents, the choke 9 control

system }I%Q%thﬁlig@%,@ﬂ?ﬁﬂ% ?rgflilﬂh Q%sgggﬁﬁreﬂgxa&ég%ﬁﬁglagéﬂe e retrieved to

t he surfac al on , epen rom e 1nsert for maintenance

and rep [ ] ntrol system 120 includes chok ct Qr, 122,
i rect | 9BEF BBl PGRI 120 RS 2Ok bt | BA IRt SMEEE VARG g2kt
128 (which may be .digjital, .analqgq, ical, electrical, or any . signal)
("sig naf’lgamﬁm a’ﬁa&f'}f/ &2@&}5‘181 ?’H‘HJ‘?Q i§8££W Wﬁ%@ié\n@e&r ticgl %ﬁéﬂf’é’ ‘%2"6‘3’
receives signals froma surface control systemvia signal input 128. In
r esponseid) ¢ Hgnads.grandshydeulc iyt 18¢e Thavelue clepisenic gidalepiggupesives gignals
transmts signals through electrical connections 132 to the sol enoid val ves
of di r ebem@rsirfagesonirel syvigimada sigugpl ippus 3B Ip respohsedte sl signaly ngpaivads thervelveded
to the directional control valve 124 along hydraulic input 130. The

act uat i dectwhicttheddo | 2nioindmits bigeds tioah cldeyrthabenhectipat Mfapshd dudenoal Yabwesa
hydraulic signal to travel fromthe directional control valve 124 al ong

hydr aul éfcdieserioksl tcodBedl @ilvel BB1.t A blplE bokodackd Al islpdvidtd @3 Me dhetichoke
actuator 122 is preferably a hydraulic stepping actuator, of the type

comonl gontrtB @8lve N28 ke agdaid Qiput WoH. ChTiIRORMEAHod el doNgBId MRVELBpdnsOom
hydraul ic actuation into rotational notion to open or close the choke

7 psetias oL s RABIE 138 B B RO T St

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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linearly in response to hydraulic pressure and then return to their initial
positions using a biasing spring. Thus, each pressure pulse fromthe
directional control valve 124 rotates the choke actuator a certain

i ncrenent causing |inear adjustnent of the choke insert. [0031] Referring
now to Figure 5, .choke 100 is shown renotely controlled froma surface
control system 20 via an unbilical 30. Unbilical 30 connects, and serves
as the communication Iink between, a subsea control nodule 40 and the

sur f ace sgbris vl whYsSéreiBer Optid dabieh,| fhdlond @r RioRS @makitsyprolidiak Wd@splh @F Rydraulic
conductors for relaying control signals (in digital, analog, optical, or

cur rent af@Mbe codithl ModSd@p, @as via wires or fiber optic cables, and one or
nore conduits providing a supply of hydraulic fluid to the control nodul e

40. [00 b e j . Wi ves
25 the Bkary g0 daeapRchbRul RedRok b AP BrRt b B0y e
hydraul ¢ _actuatqgrs in.the bsea ees,, valves, and, other functions .via
nyr aul PR HE SR ol Fediie 3 3nd IR dSump o M s SRR o R o
assenbl y and/or subhsea distribution system wth separate or conbined
hydraul%@méﬂﬁm@ﬁﬁd??&%@Wth[ﬁﬁsﬁglléﬁﬂgﬁ%iﬁﬂéﬁWﬁhﬂﬁ?ﬁdﬂﬁkH@b%ﬁﬂS%%mnm“m

di stribution systemto the subsea control nodule. In its preferred
enbodi nEHEEbly (FB¢ar suhsem disiribrton sstens ovify spp@esoraenibined tydrslio apd elgpirien
modul e 40 can_ be coupl ed and de-coupled while the hydraulic plunmbing 60 to
t he subB¥ng faade eonpedingdiami s subseaclistributinh systdnh conthetshibseasduttod na@luteo Ihats
retrieved to the surface for nmaintenance and repl acenent as necessary

wi t hout prefestdietobmimtite sadobganeiguipbne i profide8a] intenface @omn waithinowdale 40 can

mul ti pl exed operation, nodule 40 includes a plurality of electronic

cont r ol bevauples ahddd-couprd aiily &ieat dRyilis baRding 69a0 thefsubd¥h iR tisnbEAGas aft.r ol

system 20. These signals nmay be sent directly on electrical conductors in

umbi i cpdis 30wy tHeORYANE a0 b HeQe@RVCR) thel dAReSfofRthintenance 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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transmtted along fiber optic lines in unbilical 30. The fiber optic
signals are then decoded by electronic equipnent integrated into the
nodul e 40 and converted into electrical signals to actuate the control

val ves. Once actuated, the electronic control valves open or close specific
hydraulic pathways 60 accessing certain subsea functions. Mdule 40
receives the supply of hydraulic fluid fromunbilical 30 and, in certain
enbodi ments, provides a reservoir of pressurized hydraulic fluid for use

i n act uatdiRgichdbeRgol vHM WaRS. opEAOBAllof PresSt AR h§dralifc Alld APAbRRbudPRiLd toO
close a particul ar subsea val ve, signals would be sent fromthe surface

control : kil b 0 J i I
yat em oo GRS Ao RS SR et Yl MR RE Szl o blioed
by subs u | d.act . a directional contrpol valve,. i ch
oens. t goul P nEnAC AP BOIAE B in boptufly E5 S8, RRGRerih e s Bt o
hydraul i ¢, act uat or, cl osing.the desired val ve. drauylic fluid, i ch. has
boen puliAitetisiine ald Ebpe mr A DL ST 1 uenieall bt sl il Ui
accurnul ators, either directly supplies the hydraulic pressure and vol une
for act BAYHHE hVae: used to repl eni sh a subsea supply of fluid used in
actuatin% the valve. [0035] In the preferred enbodi nents, nodule junction
pl at e 58%5hcintherreksisd embodimsnts megdude iguctiop platesHbielndes qghekcensfI2yand §4 ferads
for signals 70 and hydraulic supply 80 to supply choke system 100. The
hydr aul subseaupgifl pr flemg 180is FordigradoT0/ arfdelmaisaudic sugd 80 ita eapplyy chokalsystern é8@&r voi r
(e.g., proximate accunulator) 82, which provides a source of constant

pr essur Ehdirghrauici sopply Udad. 30Threfesibiynfebds @ pkssufiyell Bydrindic Sugeploie. pa totidkeed

t hrough nodule 40, with control valves or switches in nodule 40 providing

on/ of f suspbtodf 82 WehicUbroGide P BhikcbitobBft friede HYAMRTc ald. coR isog 52
and 54. Conmmuni cation along signal lead 70, utilizing electrical or

opt i cal hyRmNERisH: o BLLe aﬂu%uglfmulp UOVIHE bR WakeS SPBVRIGatd ARaY: 4B

choke control system 120 for relaying data concerning
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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position, flowrate, flow constituents, et cetera back to surface contro
system 20. [0036] For the subsea case, the signal 70 and hydraulic 80
flying | eads can connect directly froma |ocal subsea control nodule 40 or
nodul e nounti ng base 50, as shown in figure 5, or a dedicated signal |ead
cable 75 can be provided and term nate at a fixed stabplate or junction box
on the choke control system 120, as shown in figure 6. For the fixed
stabpl ate case, the signal lead cable 75 is preferably equipped with

ei ther vwabiliFal @aflm QEnall ddBideARE QuSiNy REE bO chineciedldretty Bltwbhiethe abifEce

term nates. This system operates substantially the sanme ‘as the system

descri beghiionsfs@bIaNEEs b a chbigur € 5 but provides direct signals
comuni cati on between the surface control system 20 and the subsea choke

100. Hy | : . s [ ' - 4Sub choke
100" by, S0, SRRl BEELARNEA BHEK 3Bl 3 SFel i hBn R S8
could b rovi ded. wher.e 2. unbilical rryi i gnal s. and hydraulic
suppl y ?5% © gelt ¢6n R%E’iege&regi a@%’tel grgglgwgp}ygﬂgctéﬁp)?iﬁlg&’e @Bﬁf’ﬁg’r‘/ drgégct SRPYN g

t he subsea choke. [0037] Wet her using the single unbiljcal system of
figure Bicsy HoRovilp %b‘?tzuﬂ‘bﬁeﬁf%?nes@)@f%éﬁpplyihgarf%r epergting ih, clipgen SeYstly ed
that the hydraulic sueﬁly 80 actually include nmultiple hydraulic supply
lines. M¥fonggeagstably (Ppepptian g supmaltipledivdtaulie seupbplines ifopethe gmedpreplatei ng
t he chokes, several options are available. One option is to run nultiple
hydr aul & vathpihruiplel vaheos (br other enjfoldingi oranpératng enBlflingi sclecgdruvf ite nalradis (or
ot her mani f ol di ng arrangenent enabling selection of the hydraulic supply)

j 0i ni ngsuphly) hoivingubd bydvendizl supblyniases iinteentha Withinnviichihoké benttih Glk@erm A20r oA
system 120. A second option is to nmount individual shuttle valves on the

hydr aul decorgitipgibih BIo aloust indi®Rnaltsh@tl Valeds @the BydhBic 38ppNed Mt o n&dr gy j@nction
hydraul ic |ine supplying the choke control system 120. This ensures the

suppl y phit Botig QisﬁQI%SﬁyldPJulﬁ_§ $iHE SurbpByiRd Mel BSEe Ehtdol Q%s@é?m@o.%ﬂfs rdabursy dkem

t hrough a single contro i ne. t'ernatively, the hydraulic supplies can

be r Oms%ﬂpl&%ﬂ’x”tﬂ@ h}gﬂgst %%%@isc}gg‘;iﬁ&i oY Hlllo?(e\@oﬁ@ol 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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the control nodul e enabling hydraulic supply selection to the choke. O her
simlar arrangenents for hydraulic supply could be possible, including a
cl osed | oop hydraulic system Application of the systemcan be simlar for
an all electric, or direct electric, control system wth reference to
hydraul i ¢ supplies and selection changed to electric supplies. [0038]
Regardl ess of the systemused for conmunicating between the surface and the
subsea choke, the integration of the choke control system 120 and the
choke agéngat ®funtden af the\Websed BodttoMBodhI@AMIveSdr tHe 18V Adisi AndbESS %6@%@ eto
the actuator to be reduced from about one second to about one-tenth of a

second, nﬂﬁ% iaﬁt% NYIRUEE HhIGs flebiddn| Be %ﬁfrﬁdmloﬂ?l%d@![aﬁﬁothg W&ok Qgtﬁamlts. ,uf'ﬂl‘heges in

reservoir e’g., proximate accunulators). hough tine Is stil

requir e%mfb&ﬁim%hﬂs QW r&m}%ﬁ?e ﬁg tréﬁ%}rgﬁler&cfoxr altoﬂ% Poﬁn%l vllltvgs th n(tﬁécfa\&/itﬁﬁ%llnet | the
overal | ‘actuation of the choke can be greafly accéelerated | n cornparison to
previ ous tens,..especially for, direct draullc systens..The r f or mance
b Y he By SR PR S5inR e e il el providie ARLETE chpotir St

val ves or the length and, sizing of the conpectin t ubi ng and, hydraulic
coupl er §°%%%9ééﬁ£‘?ﬂ%éﬂ%%ﬁg e rae Befyeqmfal @ﬁ%@ BB ¢fdhosontrelyaadnle since
enbodi nents al so elimnate the requirenent for choke control val ves nounted
wi t hi n {ssecauoneys areipthgmoduls gnd heichpkocogtiol valyes pra dighsielc wempgnentind/ or
providing spare/extra functions for other controls as well as increasing
t he meai®03d nBefgeingemw fwaFigureed ahNIBRativd chdke coomelrsystemu{)l ie showee Contrals
conponents are in the nodule and the choke control valves are high cycle
conponesgsem PENBAddRef chbkd avguaro¥10,a val gl trdnic avdalet220,natl iavkreciivakliecoanal r ol
system 200 is shown. Control system 200 includes a choke actuator 210, a

val ve el#1eé LBNbferiffdlinesuBathtiaA ¢hedsatliedr 6thb@RAaldekaABEd B relavigh V& cEl@ daesiat i ng
in substantially the sanme nethod as described in relation to choke control

system &gfm DL MRl WM RIRELHR MARuEDU 8 AR s{RLS MRS RirBRaksntfdl ofdn Sir f ace
control 'systemvia signal input 202. In response to the signal s received,

the val éﬁgnzﬁ luﬁ)%t Q@f' fn fg%lﬁggtozﬁg sitg'ﬁ'ﬁg ?éaaﬂ/%d, 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
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signals through electrical connections 222 to the sol enoid val ves 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 sol enoid val ves opens hydraulic pathways that allow a
hydraulic signal to travel fromthe directional control valve 203 al ong
hydraul i ¢ conduit 232 or 234 to the choke actuator 210. The choke actuator
210 is preferably a hydraulic stepping actuator, of the type commonly used
i n chokepm§y UdhhgeachMpteaire QA6 Micin RS dlrbAiRall ERLPRallE QB0 B4t Al ichoke
actuation into rotational notion to open or close the choke insert. O her

types OhcrusiBPKEstaAcehekeaRGh BIAF Stuthelt *%hd diiEas@Ct uati ng chokes, fast
cl ose/ open nodul es, ROV override, et cetera could be controlled simlarly.

Hydr aul i o] Lt [ .G £ pidt it en
o 1 0s P47 ERULG SnfdoBfh, Z0Hnl By s, aRASRL b udreiCon o B R R PY
in response hydraul i c.pressure and then returpn to their inigtial ..

posi t1 onaes 2 PV fRAREER S S teatd MBS B2d Buniiiats o becfamrtich e
direction%] control ,val.ve 230 rotates the choke actuator a certain

i ncr emefft B8 APFRYeAPMERIFoL e be RUAROQ alyy, bas e ieisd) nsrghoks enmire] syelEK00
control system 200 al so provides additional functionality in having dual

pr essur 641 AaeHBRorsls 4 N9FiHOR MdirgliernderineeSibVDHeorvimilas) bpigweyiden fecdbadiase 220
that pressure has been applied to the proper stepping piston (i.e. the

sol enoi & thepares] pesiticncafuba dwke inférearshuokérmothetrthd clolte agmt@ODoves anresiones to

i ncorporate a position indication device 228 (LVDT or simlar) that

provi deeonfirek dipatk $sne trobddieerac inagl algokdviei anavafliahyhseiadgationsiapit 26dhat
confirms that the choke actuator noves in response to control inputs. Sone

enbodi neyliests Ay fds GaRguseotidt sehbokd foRMayallyls by WiBEH BE CRokel dtdhifad2 e tddattol
collects data fromvarious other sensors for analysis by either the choke

or surfgagenihe control systens. [0042] For exanple, pressure and/or
tenperature sensors could be |ocated on the choke inlet and

{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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outlet to neasure flow conditions at these points. This data could then be
transmtted 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 formati on and/or of choke insert failure. Wth a first sensor

posi tioned upstream of the choke and a second sensor positioned downstream
of the choke, and incorporating systemand sensor data from previous
geonet r y lyhaoge( sl faadnpr BEGH) Ro@Re RIRE LAl 36HS Chske &Mﬁéi%?!tem on the

di agnosti cs and anal ytical determ nation of systemflow characteristics,

i ncl udi RgadNR suf@l Bhagdmat i on of nultiphase flow characteristics and

per cent ages, could be possible. The analysis and processing the

i nf or maty i : ] [ could
be. por 1 i3 Shbfinits LITA REPRULCLARY, ALGRRT M Rt Buest a0l
nodul e, .Qr._at the suyrf.ac with the data transmtted al ong t el.ectrica

| eads. THE™E noﬁlé%%:eo &% ﬁ's"{% 'eg]t Ty b g@rf’cﬁ%‘é‘f@ﬁd{l@y 3@egﬂﬁ)gﬁpﬁﬁqqsca”ﬁ ui d
filter (not shown) nounpted internal or external to the choke control system
on the BY%imfﬁtSczos@Bdgi?Fqsw eagin 1?@0%&‘3%@’1‘3%6%?%‘% dragm ther g0ps, oh e n
are nerely illustrative and do not |imt the scope of the invention or the
det ai | sinvRia pF they ingpntive ponggpty berelx digclpsedt Rasapsomay vasving iasdtdidersntand

i nprovenments to the disclosure herein nay be nmade wi thout departing from

t he scopeb@dimenie mipermpdmn vothint e isenpenefl the pesae phgenitise ejonceapi,s Tkdig.
Because many varying and different enbodinents nay be made within the
scope oéquivaienpssdnts dmmetetialy deeoficrahdughi of; handl beguseaqaiwabdificatiing ueilybees or
materials hereafter thought of, and because nmany nodifications may be nade

in the gadop heshbodi@ests he@bl @itdiRd ih BeRERAESANE SheMcsétigie réRemeRt b¥ the
requi renents of the law, it is to be understood that the details herein

are to R, ithé & B @laerkiR thdtl s ddiatlsd HeReiRBA DBk idtBrpfeted ATtk Eive SRBBot in a

limiting sense.
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16 17 CLAIMS Wiat is clainmed is: 1. A control systemconprising: | 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 ectrpnic nodule adapted to receive input
signals froma renotely |ocated control systemand transmt contro
signals to said directional control valve, wherein said actuator, said
directional control valve, and sai draAmes el ectronic nodule are integated
into a single package. 2. The systemof claim1 further conprising a
pressure SRRAN clafdPised to neasure the hydraulic pressure in said
directional control valve and transmt the pressure data to said valve

el ectroni g nodwl &3t &%Cﬁ%{{‘ghﬁ‘q%()f claim1l further conprising a position
sensor adapted to nea ure t sition of said actuator and transmt the

Mherei nthe adj ust aBt SRRAREEbRI IRRCE ob sl NGNS e ier
conprises a pluralltr of, s nsorﬁ adapted to nmeasure flom1character|st|cs
upstream and GSOHSE FodRayfic pigna %hoke and transmt the flow characteristic

data to said val ve | ectroni c nodu
a directional control valve to ‘supply hydraulic signats from a hydraulic

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 inteéi’ated into a single package.

N
",

,
*,

2. The system of claim 1 furfheg 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 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.




18 5. The systemof claim1 wherein the integrated single package is

rel easably connected to the adjustable conponent and is retrievable to the
surface independently of the adjustable conponent. 6. The system of claim
1 wherein the input signals and the hydraulic supply are received froma
subsea control nodule connected to thejgenotely |ocated control system via
an unbilical. 7. The systemof claim1l wherein the input signals are
received directly fromthe renotely |ocated control systemal ong a cable.
8. A subsea choke system conprising: a surface control system a subsea
choke; a choke control system conprising a control systemas defined in any

precedi ng s¢l ai rrheaﬂ@bnmmasmfzowhepéiﬁmeqmﬁaféemgmpﬁa@ag@&rakﬁaﬁ&s bet ween sai d
surface control system and said choke control system wherein said choke

control sysfeRMek &Pﬂhggﬁﬁs‘[a@e y(ﬁﬁsﬁ()‘ﬁelﬂlaﬁ&;srr&ﬁie\?abw lﬂle%ugg%g}{egﬁ&n@%pat e said

subsea choke in res se to I gnal's receive rom ace contro

system 1?hea%jus££9% cﬁ%ﬁ&%ﬁ’{ of claim8 wherein said neans for providing
comuni cat1 on’signals® 1 ncludes a cable run between said choke control

system and a subsea control nodule. 10. The system of claim8 wherein said
means for providing comunication signals includes a cable run between

sai d choke con%ﬁol system and sai.d surface control system
6. e systein of claim 1 wherein the input signals and the hydraulic supply are

received from a subsea control 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.




11. The systemof claim@8 further conprising nmeans for providing a
hydraul ic supply to said choke control system 12. The systemof claim9
wherein said choke control system further conprises: a hydraulically
oper at ed choke actuator; a directional control valve adapted to control the
flow of hydraulic fluid to said chokej@ctuator; and a valve electronic
nodul e adapted to actuate said directional control valve in response to
signals received fromsaid surface control system 13. The system of claim
12 wher ei rh.sai d’helpdtan ebdidimd whsrsineaid imeahdfer pooidiie comsmaicapidresgisise sensor
adapted to nmeasure the hydraulic pressure in said directional control valve
and transmhéluddla chleffibieBredatad bibiSabhtral 8Yén MldeLiubAicentimIchddgle. 14. The
systemof claim 12 or claim 13 wherein sald choke control system further
conprises a position sensor adapted to neasure the position of said choke
actuator and transmt the position data to said val ve electronic nodul e.

20 15. Theg sy rg:n sal: e control
systemfu?l't%hersithg %?ggﬁmglp %%g' F§senlé§§ﬂ%§ap e éﬁ%ﬁe flow
characterlstl gﬁtre % mnstr aq1o§ salé?@ Sea cho e agnd transmt
the flow é‘ﬁé‘# 38?8 ST ete‘ésﬂl &680 al iBeE R TBREe 8YS'Y8.  The
system of any one of clains 8 to 15 wherein said choke control systemis
rel easably connected to a subsea choke and is retrievable to the surface

i ndependent|y of said subsea choke. 17. A method for controlling a choke
conpri si nd 1. The system of claim 8 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.



transmtting signals froma renotely |ocated control systemto a val ve

el ectronic nodule 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

el ectronic nodule; transmtting contr?j signals fromthe val ve el ectronic
nodul e to open the directional control valve to allow hydraulic fluid to
flowto a choke actuator integrated into the choke control system 18. The
met hod of claim 17 wherein the digital signals and hydraulic supply are
carried to the choke control systemthrough a subsea control nodule. 21

19. The nefshod ok s B ah$ MO BF @hiths 8RS 18 LHBRINSaRABoltd RAEHI bii8d fetieect | y
between the renotely |ocated control system and the choke control system

20. The ”%?@ﬂse@ b gﬁ{?MitP Bﬁeﬁ%oa@%ﬁ {38 tolrhedsRre v éh%fa@@:ﬁftﬁga thedndgd Measuring

t he hydr aul pressure’ wt directional contro ve;, and
transmtti pr, dat Ve e t I C q. ln_order to
noni t or oﬁfearg/g%tlﬁgﬁl Ogg §1§ h“eb%e I éﬁié)g %Jgdn‘%%g%ﬁén erfg W%/ha a&%%%c 1(%3[&4?%;&1%@)?]}%% of any
one clains,17 to 2 Ifurther conprising: neasuring the position of the
choke act THFBPCBRAUEr ansmitting the position data to the valve el ectronic
nodule in order to nonitor actuation of the choke. 22. The nethod of any
one of clainms 17 to 21 further conprising: neasuring flow characteristics

upstream and downstream of the choke;, and )
16.  The 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.



transmtting the flow characteristic data to the valve electronic nodule in
order to nonitor flow conditions and choke operation. ABSTRACT SUBSEA
CHOKE CONTROL SYSTEM A choke actuator having an integrated choke control
system enabl i ng fast closure and opening of the choke. The choke control
systemincludes integral electronics tg receive signals froma surface or
subsea control nodule and control directional control valves to regul ate
the flow of hydraulic fluid froma |ocal hydraulic supply to the choke

act uat or. Resporsendtiod®s clabh 17 Ghelkh BEdinald RO ralstiddeRdbly bepiiaart by

| ocating the electronic control system and directional control valves in
an i nt egr atReeRAHAAL MRy IR 6DBE BLAGHAIAGyRRE Providing a | ocal .
hydraulic supply. Additiohal enbodi nments may al so include other electronic
sensing and instrunmentation enabling the choke control systemto nonitor
and adjust the choke to maintain selected flow characteristics or in
accordance,,w t iy a edet.er m ne o) ti chene.. Any or all of the
conmponent gzobf {:rk}llgn% 8&8, al%}hoene(ﬂ%gl%?scontf)tlgl%“@%‘foé?ﬁns "the choke actuat or
gﬂ/o\?\) ?rgi :?lte e;g;gge\éﬁggﬁ?@ﬁg E@Z{q@%ﬁ’lé’ pr]:esrsg.rrg]\}fi Efn 81% qlergctﬁ)?le%gggo tvfllvg;oangs to

transmitting the pressure data to the valve 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,





