MODULAR ACTUATOR FOR SUBSEA VALVES AND EQUI PMENT, AND METHODS OF USI NG SAME
BACKGROUND OF THE I NVENTION 1. FIELD OF THE | NVENTI ON The present invention
i s gener avbyoehiessted to the field of actuators, and noretpapéosowsarly to a
nmodul ar actuator for subsea valves and equi pnent, and various nmethods of
using same. In one illustrative exanple, the present invention is directed
to a systemfor controlling an actuatori for a downhol e safety valve in a
subsea Christrmas tree. 2 . DESCRI PTI ON OF THE RELATED ART The production
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into a Christmas tree. q“iggﬂggIﬁq or ly dependent
upon hydraulic fluid to operate raul 1c act ua or‘g‘llﬁclji{r1 the valves and is

therefore entirely dependent upon an external source for the supply of
pressurized hydraulic fluid. Hydraulic power is normally supplied through

an unbilical running froqgggggﬁgbgﬁﬂigﬁﬂlgg &E E vsssel on the surface or,

| ess common, froma | and tuators are -
controlled b ilot valves housed in a control npdule |ocated at or near

t Ae subbea iﬁgﬁhﬂﬂaEﬂ&ﬂilﬂﬂﬁﬁﬁiﬂﬂﬂ val ves directing the supply of hydraulic

fluid to each actuator, as dictated by the need for operation. The pil ot
val ves may bEhopgeessnednipntieh eist géreraliyadieaed tsuitle fiekly sf eittuators, hene frose
called an el ectro-hydraulic system The design of actuators and valves for

subsea p@tiblardy €0 di hbdiladadiats fok RUBRE WRRBAAS Qliphiiat, s.tnar\s:t%as ﬁit@h&dg ngtion

for these val ves, because of the dangers of uncontrol 'ed rel ease
using same. In one illustrative example, the present invention is directed to a system for

controlling an actuator for a downhole safety valve in a subsea Christmas tree.
10

2. DESCRIPTION OF THE RELATED ART

The production from a subsea well is controlled by a number of valves that are
assembled into a Christmas tree. The actuation of the valves is normally dependent upon
hydraulic fluid to operate hydraulic actuators for the valves and is therefore entirely dependent

15 upon an external source for the supply of pressurized hydraulic fluid. Hydraulic power is
normally supplied through an umbilical running from a station located on a vessel on the
surface or, less common, from a land based station. Usually the actuators are controlled by
pilot valves housed in a control module located at or near the subsea installation, the pilot
valves directing the supply of hydraulic fluid to each actuator, as dictated by the need for

20 operation. The pilot valves may be operated by electric means and such a system is therefore
called an electro-hydraulic system.

The design of actuators and valves for subsea wells are dictated by stringent demands
on the standard and function for these valves, because of the dangers of uncontrolled release of
hydrocarbons. A typical demand is that these valves must be failsafe closed, meaning that they

25 must close upon loss of power or control. The only practical means today in subsea



hydr ocarbons. A typical demand is that these valves nust be failsafe

cl osed, neaning that they nust close upon |oss of power or control. The
only pracwvocade/osesEds t oday in subseaenvironnents is to pee/Uspeosog®t hat are
held in the conpressed state by the hydraulic pressure, keeping the valve
open, and will be released in the event of |oss of hydraulic pressure, thus
closing the valve. The spring force needed to close a valve is dependent
upon both well pressure and anbient pressure, with |arger anbient pressure
denandigfdrdn@icaey is 30k gsingF diat tahehd ot thel coofpresstd statevisl the hydravbie reassuren
between the well and a nonitoring and control station nust be established.
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signals to various nonitoring and control devi ces and ings for. si nakf to
pass to and For ¢m edrdrohef pubseniveclignpicppnestion setyegn the WShﬁP CaapitNEE an
expensive item costing several thousand dollars per neter. |t would

t her ef oatrélestatnymas Se-esablisipdt Thisetaiohsan eitkdribe laeated e floping yesagl. near
Proposal s have been nade to use electrically operated actuators for subsea

val ves gnsieasinefallbfiehsior 36l htlhnahtifty 8l ag digtaraetavatyo Comnamécation betveaepltee U. S.
Pat ent Nos. 5,497,672 and 5, 984, 260. However, this entails the installation
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a hydraulic sys an electric actuator. EP Patent Application No.

1209294 discl oses an. el ectro-hydraul i ¢ contr ni ' 15t @macylihoder
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fluid connection between the tiw? chapbers and a .val ve %o config r% EQ?
10 ui d fyaBAus aEBALEISdR ob]a)égseuwel , eleciric lines for the supply of eleciric power and signals Yo

various monitoring and control devices and lines for signals to pass to and from the well. This
umbilical is a very complicated and expensive item, costing several thousand dollars per meter.
It would therefore be very cost-saving to be able to eliminate the umbilical. Proposals
have been made to use electrically operated actuators for subsea valves instead of the
15 traditional hydraulic actuators, see for example U.S. Patent Nos. 5,497,672 and 5,984,260.
However, this entails the installation of completely new actuators, resulting that it is not
possible to retrofit a hydraulic system with an electric actuator.
EP Patent Application No. 1209294 discloses an electro-hydraulic control unit with a
piston/cylinder arrangement with the piston dividing the cylinder into two chambers, a fluid
20 connection between the two chambers and a valve to configure the fluid flow such that pressur-

ized hydraulic fluid only may flow in one direction, but not in both directions.



i zed hydraulic fluid only may flow in one direction, but not in both
directions. U S. Patent No. 6,269,874 discloses an el ectro-hydraulic surface
cont r ol | eslouiszussg7ace safety val ve actuator that conpri ses/mnoosioesbrically
actuated pressure punp and a dunp valve that is normally open so that if
power fails, the pressure is released and the safety valve cl oses. The
present invention is directed to an apparatus for solving, or at |east
reducing the effects of, sone or all of the aforenentioned probl ens.
SUMMARY OF THIS. PhvENTO ON23%874 disslonts dnnalesitd-bydrpglicdiurface eontralled sybwuiage
actuator for subsea val ves and equi pnent, and various nethods of using
sanme. |QAf@Nealveladshionthal @opipeioe aeeltctritdlly athaial pressuepirnpenda duyay salle c
actuator, at |east one housing and a sel f-contained hydraulic supply system

posi t i qgds %@@C"ﬁ’% s@thak ? RE1shAN %%jé%gurle irehddNRK the Safsiyrale\eBoses.

enbodi ment, t uat or comnprises a hydraulic actuator, at [east one

housi ng and | ural it f _conponents i Ll b0l .t e
hogsi ng, t heﬁ%%ﬁ%@ﬁ? sen§8?rf)? @?CE%&% %rg?@a%%tﬁgg%n%&lﬁ%&ra%ﬁf%E 5%%%@%’ tggst em
and a control_ systemto control delivery of a high pressure hydraulic fluid
p? oducediasis Afhensrrallgiihes WW@Perﬁlegﬁppl y gyslto em In ye%/ anot her
illustrative enbodi nent, the actuator conprises a hydraulic actuator, at

| east one housing and a sel f-contained hydraulic supply system positioned
within the at |east one housing, the self-contained hydraulic supply system
conprising a punp driven bgUMMARYOF THE INVENTIGN | east one fluid
reservoir and a control/vent valve. In a further illustrative enbodi nent,

the actuat or TROMRESHE InRnAYAr BUliir&t@Ckdlal Ghoduddr beagbr doe Jubsai Rgvendna
sel f-contai ned hydraulic supply system positioned within the at |east one

equipment, and various methods of using same. In one illustrative embodiment, the actuator

comprises a hydraulic actuator, at least one housing and a self-contained hydraulic supply
system positioned within the at least one housing.

In another illustrative embodiment, the actuator comprises a hydraulic actuator, at least
one housing and a plurality of components positioned within the at least one housing, the
components comprising a self-contained hydraulic supply system and a control system to
control delivery of a high pressure hydraulic fluid produced by the self-contained hydraulic
supply system.

In yet another illustrative embodiment, the actuator comprises a hydraulic actuator, at
Jeast one housing and a self-contained hydraulic supply system positioned within the at least
one housing, the self-contained hydraulic supply system comprising a pump driven by an
electrical motor, at least one fluid reservoir and a control/vent valve.

In a further illustrative embodiment, the actuator comprises a hydraulic actuator, at least
one housing and a self-contained hydraulic supply system positioned within the at least one
housing, the self-contained hydraulic supply system comprising a pump driven by an electrical

motor, at least one fluid reservoir and a control/vent valve. The actuator further comprises a



housi ng, the self-contained hydraulic supply system conprising a punp
driven by an electrical notor, at least one fluid reservoir and a
control / weotzosaleysrs The actuator further conprises aconcwolussysiemy?
positioned within the at | east one housing to control delivery of a high
pressure hydraulic fluid produced by the self-contained hydraulic supply
system and a sel f-contained source of glectrical power positioned wthin
the at |east one housing, wherein the selfcontained source of electrical
power icgnfrdles gﬁtémrﬁfsﬁloﬁe@b@’ﬁmm{he%ﬁ Rattrdnedlougiapes cdrorol tibkveary dfih tghapressateor .
BRI EF DESCRI PTI ON OF THE DRAW NGS The invention may be understood by

ref er e Srahﬁcgl \APRthQéM B e Sar- bcglttélﬁéu hdkalid SuppBnbyshah iagd anlfcdnkened

acconpa ylng ngs, 1n"which like reference nunerals identify like

e BNl 28NSt HBAMBlCRowds BbiBorkal Ridlin® BLCUPULAS: BEPIHOLGAR, WA the scl-

ve e e present Invention errp oyed in connection

wi th a subsea val ve; 2 i s anot her schema ction

al t er n&PPIFCE FPYAES ﬁ’éﬁlécgigca %W‘ffrlé NPT SFG P g%ﬁ%&%‘gaowﬁr %)gf}l}%leecf) (0 Wit h
a subsea equi pnent item Figures 3a-3f describe various aspects of a

nodul aracetarat or in accordance with one illustrative enbodi nent of the
present invention; Figure 4 is a schematic depiction of an illustrative
nmodul ar actuator in accordance with one embodi nent of the present
invention; Figure 5 is a depiction of yet another illustrative enbodi ment
of a modul ar actuator BRIBFPESCRIETION OF THDDBRAEWINGS/ention; Figure 6 is
a nore detailed schenmaiiCc depiction of one iIllustrative enbodi nent of the

The invention may be understood by reference to the following description taken in

conjunction with the accompanying drawings, in which like reference numerals identify like

elements, and in which:

5 Figure 1 is a schematic depiction of one illustrative embodiment of the present

invention employed in connection with a subsea valve;

Figure 2 is another schematic depiction of an alternative embodiment of the present
invention employed in connection with a subsea equipment item;

Figures 3a-3f describe various aspects of a modular actuator in accordance with one

10 illustrative embodiment of the present invention;

Figure 4 is a schematic depiction of an illustrative modular actuator in accordance with

one embodiment of the present invention;

Figure 5 is a depiction of yet another illustrative embodiment of a modular actuator in

accordance with the present invention;

15 Figure 6 is a more detailed schematic depiction of one illustrative embodiment of the

present invention in a first working mode;

Figure 7 is a detailed schematic depiction showing one illustrative embodiment of the

present invention in a fail safe mode;



present invention in a first working node; Figure 7 is a detailed schematic
depi ction showing one illustrative enbodi ment of the present invention in a
fail saf ewondeydssgyare 8 is yet another illustrative enbedirsedosoissvhe
present invention enploying an alternative valve arrangement; and Figures
9a-9c depict an illustrative embodinent of the present invention in various
operating configurations. Wile the invention is susceptible to various

nodi fications and alternative forns, specific enbodi ments thereof have been
shown by wa¥igie 8Xaypt endthertiestatissiembodiamuit af thehwessinh inkesdon paploymgdet ai | .
It should be understood, however, that the description herein of specific

enbodi n@RBLStVeSvalRe arkdHo@RdREabd® [ 1Mt the invention to the particular forns
di scl osed, but on the contrary, the intention is to cover all
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EE%E§|g;|Eﬂgﬁ?ﬁ%ﬂg?Pgﬁﬁg&ﬁég?@ﬂg%h y %ﬁ%kgp%gnded g%ginghh%E+AltEgbl )

| N OF THE | NVENTION Il lustrative enbodi nents of the invention are
qeslcrl (RPEreHRE Bo 13“?55;[{%@' interest of clarity, not all features of an actual
i npl ementation are described in this specificatian. .1t wll of course be
dbpre0|atedﬂﬂﬂh'W@H%Y%ﬁ@@ﬂéﬁ%ﬁﬁﬁﬂ%kd@ &WV“@JPH&' s @Ht&ﬁ?ﬂ@ﬁ?,% rous
i npl enenta tion-specific decisions must be made to achi eve the devel opers'’
speci f ispegfiakembodmuntathecmiiaie herteshavirhby e exhexampleetn Hggirawings and are
busi ness-rel ated constraints, which will vary fromone inple nentation to
anot herperdyrieqyded ihtdewiil. | ithdoapecthdrtadod, hatveser tha the vedcoptiemhersitf of t
m ght be conplex and tinme-consum ng, but woul d neverthel ess be a routine

undert as?e e Eboloses &f ndlifkeRRidYtoSttht [thd hvkionadot thB Péiti@ildr Hernpediedlosedof
t his disclosure.

but on the contrary, the intention is to cover all modifications, equivalents, and alternatives

10 falling within the spirit and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

THustrative embodiments of the invention are described below. In the interest of clarity,
not all features of an actual implementation are described in this specification. It will of course
15 be appreciated that in the development of any such actual embodiment, numerous implementa-
tion-specific decisions must be made to achieve the developers’ specific goals, such as compli-
ance with system-related and business-related constraints, which will vary from one imple-
mentation to another. Moreover, it will be appreciated that such a development effort might be
complex and time-consuming, but would nevertheless be a routine undertaking for those of
20 ordinary skill in the art having the benefit of this disclosure.
The present invention will now be described with reference to the attached figures. The
words and phrases used herein should be understood and interpreted to have a meaning
consistent with the understanding of those words and phrases by those skilled in the relevant

art. No special definition of a term or phrase, i.e., a definition that is different from the



The present invention will now be described with reference to the attached
figures. The words and phrases used herein should be understood and

i nt erpretwo 20@/0s8878¢ a neani ng consi stent wi th the under stansevgoefosr hose
wor ds and phrases by those skilled in the relevant art. No speci al
definition of a termor phrase, i.e., a definition that is different from
theordi nary and custonary meani ng as usderstood by those skilled in the
art, is intended to be inplied by consistent usage of the termor phrase
her ei n.ordifarl hmdeousemtary adanigt asrnderstquiir s thoss skieéridebe a, inantendedsisebs al
meaning, i.e., a neaning other than that understood by skilled artisans,

such a iSpREd B cofididtitukae obithd tehf oRXpRIAS Bér¥ins Elo fherektent that Aerspeghtdseds i on
in a defl nitional manner that directly and unequivocal ly provides the
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conponents of the s | d be that vari o
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fluid conduit such as pe or_hose, or the conponent be c nnect ed
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communi cati on between conponents as descri bed below is considered to be
within the dpithe folbowing clegeiptipnt the temv Enidi lore. is|used fie indieass fifliid cornectien ns
such as "upward" or "downward" or the like nay be used to refer to the

di rect iRfwéth dompoRehts QWRelMRAN K 8howld He cadEe0ed tisat i vitieustentiodésendgphet ed

in the attached drawi ngs. However, as will be recognized by those skilled
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within the spirit and scope of the invention.

In the specification, terms such as “upward” or “downward” or the like may be used to
refer to the direction of fluid flow between various components of the devices depicted in the
attached drawings. However, as will be recognized by those skilled in the art after a complete

15 reading of the present application, the device and systems described herein may be positioned
in any desired orientation. Thus, the reference to the direction of fluid flow should be
understood to represent a relative direction of flow and not an absolute direction of flow.
Similarly, the use of terms such as “above,” “below,” or other like terms to describe a spatial
relationship between various components should be understood to describe a relative

20 relationship between the components as the device described herein may be oriented in any
desired position.

Also in the following description, the terms low pressure and high pressure are used to
describe various portions of the system. It should be understood that these terms are used in a

relative sense. Low pressure is used to describe the fluid supply and the portions of the system



rel ati onshi p between vari ous conponents should be understood to describe a
relative relationship between the conponents as the device described herein
may be orwenbeérhessrzany desired position. Also in the folptowso@sdeseri ption,
the terns | ow pressure and high pressure are used to describe various
portions-of the system It should be understood that these terns are used
in arelative sense. Low pressure is ugsed to describe the fluid supply and
the portions of the systemn fluid communication with the fluid supply.

H gh prigstit eormsubisetbd Witk egcluib euppghe Flighi ptesshiecih usasl tordessibeitzeetuidywhible
punp or other pressure intensifying device, and the portions of the system
in fluid Fegmﬂi'aﬂ%?tﬂﬁé)ﬂuﬂﬁ bhotR M PreQutdintensiTBg HEViBe, hin ThdBREeHY of thesyssed
only to Fn Icate that this portion of the systemis at a higher pressure
relativedo,the fluid s I T e E I v 3;
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punp out put. The_actual absol uie,or gauge pressur .t he variou ortions
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Figures 1 and 2 schematically depict illustrative systenms 10 enpl gying a
mbdul arpresstueaisarsed enlyrio dadientel dint shinipprion f it Sy staap &t IPver pespire dmy the
invention. As depicted in Figure 1, the nodul ar actuator 16 is operatively
coupl edbungp autpat.vEhaattualt absolbfe dhgiuge praspaeatfithe vgricusupsiraenst of the syiemads

val ve 12 positioned in a flowline or well conduit 14. The val ve actuator
15 may ibRe1RhtntdBYhd ¥dIRitich & higllonMehadsael val ve actuator, a hydraulic valve
actuator, etc. Thus, the particular type of valve actuator disclosed herein

shoul d not ggl&ﬁ%?%‘lﬁgl %s&emaﬁgaﬂ 4O ONERRIRY §58dhs 10V@RIbARg d Paddifur

enbodi nment I gure a plurality of nodul ar actuators 16 are

tivel | ed t I hat, i , atd:
coupt echriter” T4 BriftorGunbols Bl h ik ety (S EpRREA IR

tlgee. As will be described nore full

1, the modular actuator 16 is operatively >éoupled to a valve actuator 15 that is operatively

coupled to a subsea valve 12 positioned in a flow line or well conduit 14. The valve actuator

15 may be of any type, e.g., a mechanical valve actuator, a hydraulic valve actuator, etc. Thus,

the particular type of valve actuator disclosed herein should not be considered a limitation of

the present invention. In the embodiment depicted in Figure 2, a plurality of modular actuators

15 16 are operatively coupled to valve actuators 15 that, in turn, are operatively coupled to a item

of subsea equipment 18, such as an illustrative Christmas tree. As will be described more fully

below, in one illustrative embodiment, the modular actuator 16 of the present invention is a

self-contained actuator that is adapted to actuate a subsea valve 12 or other similar type

component. In the illustrative embodiment depicted in Figure 2, the plurality of modular

20 actuators 16 are adapted to control a plurality of valves (not shown) positioned internally
within the schematically depicted Christmas tree 18.

As will be described more fully below, the modular actuator 16 described herein

comprises a self-contained power supply, and it may be readily decoupled from the valve

actuator 15 and removed to the surface. Importantly, in one illustrative embodiment, the



bel ow, in one illustrative enmbodinent, the nmodular actuator 16 of the
present invention is a self-contained actuator that is adapted to actuate a
subsea vaveeodddees7zot her similar type conponent. |n thepicirlussdosatiove

enbodi ment depicted in Figure 2, the plurality of nodular actuators 16 are
adapted to control a plurality of valves (not shown) positioned internally
within the schematically depicted Christmas tree 18. As will be descri bed
nmore fully bel ow, the nodular actuator 16 described herein conprises a

sel f - condRifagnRONEE &Es@ibed headifl compr®y axelfr@adihed delcauliol systefor thay willebeval ve
actuator 15 and renoved to the surface. Inportantly, in one illustrative

enbodi MRk a1 tl%%ﬂ?gpérﬁ (1o ARl @k shbsed %ﬁ{ei Pedr bakeiliRe eQipfea® SIrRaccordance

self-con?%i ne aulrc systemthat will be used, at least in part, to
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illustr I nventron, sInce ul ar actuators

16 described herein enpl oy se] f-cont ai ned hydraulic syste S | v, of
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or froma | and-based station is not required. Mreover, the nodul ar

act uat drom G diatioh dseation egreiansurface siessely oF diPs o dangrbased Figjionds s egritedupl ed
and decoupled fromthe subsea equi pment, e.g., the valve actuator 15, to
whi ch iMoieovad tiac keduly astuarii ke fisdbsedelwraingisemnfigugd sobthaugemay bareaRby
(renotely operated vehicle), a diver, etc., and retrieved to the surface as

”ecess?oﬁ feQranti€Rabiipled FrbMUhe SuBRa 3GuidaRingte. @Nehel JalwesdchatiorvES, eatvddéniens  of
t he nodular actuator 16 in accordance with the present invention. In
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nnaelho no | thgn ohat to contain various conponents of the
nodul ar .act uat or . 1 NnC i ng.a self-contained hydraulic supply system As
depi ct Hvencie gid é"é“‘?’gaé? Hletslyfga%%meg?ss%tfﬁ%{egrlrﬁ(s conpri ses a I>/i ngar
override tool 16A and .

10 Figures 3a-3f depict one illustrative embodiment of the modular actuator 16 in

accordance with the present invention. In general, the modular actuator 16 comprises a

hydraulic actuator and one or more housing portions that are adapted to contain various

components of the modular actuator 16, including a self-contained hydraulic supply system.

As depicted in Figures 3a-3f, the modular actuator 16 comprises a linear override tool 16A and

15 housings 16B, 16C, 16D for housing various electrical and hydraulic components, including

hydraulic fluid, associated with the modular actuator 16. Although the illustrative embodiment

depicted herein comprises three separate housings 16B, 16C, 16D, those skilled in the art, with

the benefit of the present disclosure, will understand that the modular actuator 16 may

comprise one or more housings to house the various components of the system described

20 herein. Thus, the present invention should not be considered as limited to the illustrative
embodiments depicted herein.

In the depicted embodiment, an interface device 17 may be provided between the

modular actuator 16 and the valve actuator 15. Even more specifically, in the illustrative

example depicted herein, the interface device 17 may comprise a spool having a first flange



housi ngs 16B, 16C, 16D for housing various electrical and hydraulic
conponents, including hydraulic fluid, associated with the nodul ar actuator
16. Al t howghoddnosss7Bl ustrati ve enmbodi nent depi cted herei rcTarspiosmesot hr ee
separate housings 16B, 16C, 16D, those skilled in the art, with the benefit
of the present disclosure, will understand that the nmodular actuator 16 may
conprise one or nore housings to houseothe various conponents of the system
descri bed herein. Thus, the present invention should not be considered as
limted7q 4 seeond Husder BIB wad antxdi mdivasordéigl. c The finst flange 1TA is kdapdeshicbed
enbodi ment, an interface device 17 nmay be provi ded between the nodul ar

act uat QoupRdandnd REIv¥AcMBrRCIaTHicalRy, thY afterfkelesReCIT nalYeycoubdtibahe
illustrative exanple depicted herein, the interface device 17 nay conprise
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i ndi cator 1 iTs l'an I's adapted to be coupled to the val ve

actuator 15. Typically, the interface dgvic 7 be coupl t al ve
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Thereafter, the nodul ar_ actuator 16 may, be operatj yel oupled to th
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As will be recognized by those skilled in the art after a conplete reading
of the padisgntf thpptesemdtapplicationetherinterfaae devieyildenayrtakeaye variety af vhapeeepd of
shapes and forns. For exanple, in one illustrative enmbodi ment, the

i nt er f agemde¥oe exakipleEi dpe illesiagneenbodiaean ttnintelast davith 7 mesctu degizned a
standard entitled "Design and Operation of Subsea Production Equi pnent
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separate interface device 17 need not be provided. That is, to the extent
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10 embodiments, a separate interface device 17 need not be provided. That is, to the extent an
interface is provided, it may be provided as an integral part of either the valve actuator 15 or
the modular actuator 16.
As to more specifics, the modular actuator 16 may comprise a hydraulic fluid reservoir
16D, an ROV handle 16E, an ROV handle 16F, a shaft 16G and a plurality of seals 16H. The
15 modular actuator 16 is provided with a recess 161 that is adapted to be positioned around the
flange 17B of the interface device 17. A plurality of anti-rotation devices 16, e.g., studs or
nuts, are provided to reduce or prevent rotation of the modular actuator 16 relative to the
interface device 17.
Figures 3a-3¢ depict the modular actuator 16 as it is being lowered onto the flange 17B
20 of the interface device 17. An ROV may be used to install the modular actuator 16. As
indicated previously, in one illustrative embodiment, the interface device 17 is attached to the
valve actuator 15 as part of the initial installation process of the subsea system. Any number of

valves of a particular subsea system may be provided with such an interface device 17 such

that a modular actuator 16 may be operatively coupled to such valves when needed. More



As to nore specifics, the nodular actuator 16 may conprise a hydraulic
fluid reservoir 16D, an ROV handle 16E, an ROV handle 16F, a shaft 16G and
a plural iwg 20fc/me@Bs 16H The nodul ar actuator 16 is precirdsdoosiotdya recess
161 that is adapted to be positioned around the flange 17B of the interface
device 17. A plurality of anti-rotation devices 16J, e.g., studs or nuts,
are provided to reduce or prevent rotawion of the modular actuator 16
relative to the interface device 17. Figures 3a-3c depict the nodul ar
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device 17. An ROV may be used to install the nodul ar actuator 16. As
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17 is attached to the valve actuator 15 as part of the initial installation
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valve. The nodul ar actuator 16 nay be | owered onto the flange 17B through
use of nfitREMutdiptrognd spsflaRgy 1 AR dlhe atéEotafiprydevécesd 6d ppsvenisoraelicabfalen
actuator 16 in the fully | anded position. The recess 161 is sized such that
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anti-rotation devices 16J prevent or reduce rotation of the nodul ar
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or stroked, the shaft 16G will extend into the bore of the interface device 17 thereby insuring
that the modular actuator 16 remains in place irrespective of whether the valve actuator 15 is
positioned horizontally, vertically, or at any other angle. Additional operational aspects of the
modular actuator 16 will be described more fully below.

15 Illustrative examples of the associated electrical aﬁd hydraulic controls that may be
employed with the modular actuator 16 are depicted in Figure 3f. As shown therein, the
system comprises an accumulator 16K, a pump 16L, driven by an electric motor 16M, a check
valve 16N, pressure sensors 160, 16P, 16Q, a filter 16R and a solenoid valve with spring
return 16S. In one illustrative embodiment, the solenoid valve 16S may be a normally closed

20 valve, as depicted in Figure 3f. When the solenoid valve 168 is actuated and moved to its
“open” position, the pump 16L may be activated to increase the pressure of the hydraulic fluid
supplied to the chamber 16T. In turn, this causes the shaft 16G to move to the right in Figure
3f, as indicated by the arrow 16U. The end 16W of the shaft 16G engages the end 15B of the

shaft 15A (see Figure 3¢) of the valve actuator 15 when the shaft 16G moves in the direction of



or stroked, the shaft 16Gw Il extend into the bore of the interface device
17 thereby insuring that the nodul ar actuator 16 renains in place

i rrespectwoeoafocsdrst her the valve actuator 15 is positi eoedshasiozont al |y,
vertically, or at any other angle. Additional operational aspects of the
nodul ar actuator 16 will be described nore fully below. Illustrative
exanpl es of the associated electrical and hydraulic controls that may be
enpl oyed with the nodul ar actuator 16 are depicted in Figure 3f. As shown

t her ei nhe GABWSHE € MheOsREY $6IS cantimes unwpaiatr uriktBkKhe prgssme dheoth dides e thy an
electric notor 16M a check valve 16N, pressure sensors 160, 16P, 16(b a
filter JeR.aNGIR fasrs%gaﬁ{?a'lly%qﬁﬁlt Bs 8QEinNBed B thehrdditie defscRN 6P | I6ART ARt i Ve

enbodi ment, the so enoid valvée 16S may be a normally closed valve as

depicte %E%BE; ?r A§E?%Y$5ﬂ¥p9%8§9iSQH%QPMQF%GL BeSst yated and noved to

|$stLoph | I 0 d € pu e activate to I rease t he pressure
0] e hydraulic ui s e cha er 161T.
the shaft 16W%heR el efl?} Gétls ‘{‘]f > 818> H’Salil r?&?eé%etn% S i)atf(ﬁle arrow

16U. The end 16Wof the shaft 166 engages the end 15B of the shg 15A see
F5 gur e ®égnoislf valvrel Gfarefens tug 4@ &6 spmn n} Reissheset POBEORA A8PiciRdin g lgure
direction ofthe arrow 16U. The punp 16L continues to operate until the

pr essur 3, oxfith thdsosérdéd valte 168 imtk ehsed pusition tHolEgh presaisthadtaihe fAyideiguhe, as
determ ned by the pressure sensors 16P, 16Q At that point, the shaft 16G

is fullyhagrberced @éldtotr%npt_Mﬁe B6duniENtob €616} AnRE shafhe6G i ecestol teivel © thal ve
16S i s de-energi zed, e.qg. |n an energency situation, the solenoid valve

16S ret llé{:tqng é:,%f%fi%[ hfl&icﬁ e J:r Ryt BniitiBreabiRSat RO§iétRRd RitaPi £t ed

in Figure e so va ve 16S I'n the closed position, the hrgh

P oo Yl 6 ki 5, ELARSE S8 ToLe SR POCRUTAND Mg,
gf@s| ? |S O]Iap?s(ljt;rq(r:lat gt(ljchbg/ fcgrrc]g rr%rryrl?ewsu]b%}{ed 'Tl)r}]/:[ Ifclr elxgtmp ea(a:thrgtsurrll tsgnrflgul)rll ¥ su%geaaga%ﬁy
valve. A portion of the shaft 16G will remain positioned within the bore of the interface device
17 even when the solenoid valve 168 is in its closed position (as shown in Figure 3f). In one
embodiment, to fully retract the shaft 16G from inside the bore of the interface device 17, an
ROV is employed to grasp and pull on the handle 16F (see Figure 3e). Once the shaft 16G has
15 been complete disengaged from the bore of the interface device 17, the modular actuator 16
may be removed by use of an ROV that grasps the handle 16E. An ROV may be used to open
or close a needle valve 16Y (see Figure 3F), via handle 16X (see Figure 3e), to vent the system
if the need arises. A travel indicator 17C may be used to determine the movement of the shaft
15A. The travel indica‘ror 17C is secured to the shaft 15A by a bolt 17D (see Figure 3¢). The
20 bolt 17D is free to travel within the groove 17E.
Figure 4 is a schematic depiction of the various components that may be included in
one illustrative embodiment of the modular actuator 16 disclosed herein. As shown in Figure

4, a variety of components are positioned in a one or more housings, generally indicated by the

number 20, associated with the modular actuator 16. The exact number of housings and the



force, such as a spring force, may be supplied to urge the shaft 16Gto its
fully retracted position. Such a force may be supplied by, for exanple, a
return spwongosssgisubsea safety valve. A portion of thecshsbiosheGow | |
remain positioned within the bore of the interface device 17 even when the
solenoid valve 16Sis in its closed position (as shown in Figure 3f). In
one enbodinent, to fully retract the gshaft 16G frominside the bore of the
interface device 17, an ROV is enployed to grasp and pull on the handl e 16F
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bore of the interface device 17, the nodul ar actuator 16 may be renoved by
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cl ose el (see Figure 3F), via handle 16X (See Figure
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O course, the nodul ar ‘actuator 16 will ultimately b e operatively coupl ed

to an il.,ustrative valy ch uat: . I n general, the nodul ar actuator 16
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electrical power to increase the pressure in a fluid. For example, in one embodiment, the
pressure intensifier 47 may be a rotary pump driven by a schematically depicted electric motor
31 shown in Figure 4. In another illustrative embodiment, the pressure intensifier 47 may also
be a reciprocating pump driven by an electric motor (see, e.g., Figures 9a-9¢). In the
15 illustrative embodiment depicted in Figure 4, the system within the modular actuator 16 is
adapted to provide a high pressure hydraulic fluid to a component, such as the illustrative
subsea valve 12, to accomplish the desired purpose, e.g., to move a valve from a first position

to a second position.
Electrical power for the electrical components within the housing 20 may be provide by
20 an electrical line that extends to a surface source of electrical power or it may be provided by
one or more batteries that are positioned inside the housing 20 or otherwise located proximate
to the modular actuator 16. Moreover, depending upon the particular application the batteries

may be the primary source of electrical power for the electrical components within the housing

20. In one illustrative embodiment, the battery 54 (see Figure 4) is positioned in the housing



actuator 16 further conprises an illustrative electrical connection 36 that
is adapted to mate with a schematically depicted electrical line 37. The
pressur e wotessicts7zer 47 schematical |y depicted in Fi gurecd/useyshessepnpri sed
of a variety of devices. The pressure intensifier 47 may be any device or
systemthat enploys electrical power to increase the pressure in a fluid.
For exanple, in one enbodinent, the pressure intensifier 47 may be a rotary
punp driven by a schematically depicted electric notor 31 shown in Figure
4. |n al(bhikit i$ tHeysinaay isverce ob poiverefor thet dectpica ssmpendntt efthie iadulat acivator al so
be a reciprocating punp driven by an electric notor (see, e.g., Figures
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within the nodul ar actuator 16 1s adapted to provide a high pressure
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extends to a surface source of electrlcal power or it may be provided by
ofe or BPEYehinwhicaePPHetions-e positioned inside the housing 20 or

otherwi se | ocated proximate to the nodul ar actuator 16. Moreover, depending
upon the parRechakging dyspbattsay Sérmashbe becomplished by wbstartiillyrontinyousdtiekle of
el ectrical power for the electrical conponents within the housing 20. In
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the housing20 and 1t is the primary source of power for the electrical

conponeft g ofiiort e stmlﬁlﬁfgCQBttH@Bﬁ{er 64 aﬁd When iR adRE Qlceddin ﬁlﬁ@mﬁ&rﬁlfo@\}ed
system 35, the solenoid control/ven va ve 40, etc. Thus, in this
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may be provide by a traditional electrical power line or cable and the battery 54, if present,
may serve a traditional back-up role.
If it is desired to replace the battery 54 within the housing 20 of the modular actuator
16, then the modular actuator may be decoupled from the subsea valve 12 or equipment 18 and
15 taken to the surface. As described previously, an ROV or diver may be employed to decouple
the modular actuator 16 from the subsea valve 12 or equipment 18 and transport it to the
surface.
The illustrative control system 50 depicted within the modular actuator 16 is adapted to
sense various conditions existing within the system contained in the modular actuator 16 and
20 take various control actions in response thereto, as described more fully below. The control
system 35 may take a variety of shapes and forms. In one illustrative embodiment, the control
system 50 comprises a programmable logic device or a microprocessor and a memory device

for storing a variety of data and/or programs.



enpl oyed in subsea applications. Recharging the battery 54 may be
acconplished by a substantially continuous trickle charge that is applied
to the bawvpenys/dsds73Al ternatively, the control system 35pompusb@sespboyed to
noni tor the stored charge in the battery 54 and when it reaches a certain
mni mum al  owed I evel, the battery 54 may be recharged by tenporarily
coupling it to a full power electricalidine. In other enbodinents,

el ectrical power to the electrical conponents wth the housing 20 nay be
provide by aFfpidstdpias yet embiticc dllupavies dnbuaimentceblie andutdneadvatarel§y 54,
if present, may serve a traditional back-up role. If it is desired to

repl aceydspgpahdiehy T veto e EmbotHieho d&?c@fl ihheigiRAY| 8 {BE teudolimekS,
t hen the nodul ar actuator may be decoupl ed fromthe subsea valve 12 or

equi prent . 18 and t aken 10 f . de i i RN Or
di ?/er ﬁegp"é%d _IIgBVed Efl?(gé%gcu%ﬁl{%a@ﬁ%g ﬂ@gh‘%ﬁ g%égfﬁgit%%G%f%%?ﬁ@t subgea
val ve Qr equi pnent an ansport it tq.t surface. .The illustrati
cont r ol 2BYgE SRS o it thg AT R HBu R ﬁ?“s ﬂ@‘ftﬁ%{l"(ﬁ’re eboodiu?erét g?){ngeﬁf 9 ve
sense various conditions existin% within the systemcontained in the

nbdul ar2aof thethydrapbicaytindend8 way bewsueledte any ab e vare of feissorfs®: £ BRSO,
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conprises a programmbl e | ogic device or a m croprocessor and a nmenory
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OP refelrertlc% rrrfleggleof the components shown in Figures 1-5 will be shown in Figures 6-8 with a

10 corresponding “1” prefix. As shown therein, an actuator 128 has a cylindrical housing 112. A
piston 114 is axially movable in the housing, between first and second positions. A stem 121 is
attached to the piston 114 and extends outside the housing 112. An illustrative flange or
bracket 122 is provided for operatively coupling the actuator 129 to a subsea valve (not shown
in Figure 6). In one illustrative embodiment, the actuator 129 is provided with a handle 124

15 that enables the actuator 129 to be transported and mounted with an ROV. A linear override
tool 120 may also be used for manually moving the piston 114, using an ROV tool. The
actuator 129 depicted in Figure 6 may be employed with a modular actuator 16 like the one
schematically depicted in Figure 4. Of course, the actuator 129 depicted in Figure 6 may also
be employed with a modular actuator 16 like the one schematically depicted in Figure 5,

20 wherein the actuator 129 is positioned within the housing 20 of the modular actuator 16. Of
course, in that case, the actuator 129 may not be provided with a separate ROV handle 124 or
the linear override tool 120.

The piston 114 includes seals 111 to seal the piston 114 against the cylinder. The

piston 114 defines first 113 and second 115 (see Figure 7) chambers in the housing 112. A



27) has been included in the nodul ar actuator 16. In this illustrative
enbodi nent the interface 27 of the hydraulic cylinder 28 may be coupled to
any of a wenhetosssrB devi ces, e.g., a subsea valve, and acrust@d/ot®9ppen or
cl ose such a valve. Figure 6 is a nore detail ed depiction of sone of the
vari ous conponents of the nodul ar actuator 16 in accordance with one
illustrative enbodi nent of the presentis nvention. For ease of reference
many of the conponents shown in Figures 1-5 will be shown in Figures 6-8
with a g@arigepoaicognects' thy edcond cAsmbbrowns twier ai varisbie aohust duidl RBetvas- a
cylindrical housing 112. A piston 114 is axially novable in the housing,
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the one schematically depicted in Figure 5, wherein the actuator 129 is
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rlgser vol raCCXnnuald%}ti%rnal fluid line 148 interconnects fluid lines 145 and 136. In fluid line 148
there is mounted a control-vent solenoid valve 140, the valve 140 being movable between a
closed position (Figure 7) preventing fluid flow through line 148, and an open position (Figure
8) allowing fluid flow through line 148. As seen from Figure 8, when valve 140 is in its open
position fluid may flow in either direction between the first chamber 113 and the second
15 chamber 115. A spring 139 is arranged to bias the valve 140 towards its open position. A
solenoid 138 may be selectively energized to move the valve 140 to its closed position, against
the biasing force of the spring 139.
The pump 147 is operated by a motor 131. Pressure and temperature sensors 127 and
133 are mounted in fluid lines 136 and 145, respectively. A filter upit 146 may be installed in
20 fluid line 145 between the pump intake and the fluid supply 144.
The various parts of the unit are in communication with a control module 150 through

cables 126, 128, 130 and 132. The control module 150 is in communication with a remote

station (not shown) via a cable 152, to receive power and communication signals therefrom.



144. In one illustrative enbodinment, the fluid in accumulator 144 is at

anbi ent sea pressure. The variabl e vol une accunul ator 144 evens out
pressur e wongexessT3t he return system and al so provides por/ispaseddobui d
capacity, as is well known in the art. Afluid Iine 145 connects the
accunmul ator 144 with the intake side of an illustrative pressure
intensifier, e.g., a punp 147. A stub fsluid line with a coupling 143 can be
incorporated into the fluid |ine 145, to enable fluid to be replenished and
refill the agousillatativd édbodinfeht)ithe trotsr 1B36s admsdtss DE@endtor sflsohamber 113
with the pressure side of punp 147. A one-way valve or check valve 134 is
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10 clement 202 connected to a valve stem 204, the valve stem 204 extending into and through a
spring housing 206. A spring 208 is located in the spring housing 206. The valve stem 204
has a spring actuating flange 210 rigidly attached thereto. The valve stem 204 terminates in a
standard interface mechanism 211. The piston stem 121 has at its end a corresponding
interface 127, allowing the valve stem 204 to be operably connected to the piston stem 121.

15 In Figure 7, the valve element 202 is depicted in the closed position. To move the
valve element 202 to its open position, the solenoid 138 is energized to move the two-way
valve 140 to the closed position shown in Figure 7, against the force of the spring 129. This
closes the fluid path between chambers 113 and 115 of the actuator 128. Then the motor 131is
operated to drive the pump 147, thus transferring fluid from the low pressure portion of the

20 system (comprising the second chamber 115 and the accumulator 144) to the first chamber 113
of the actuator 129. The high pressure fluid in chamber 113 displaces the piston 114 to its
second (extended) position, shown in Figure 8.

Consequently, this will move the valve stem 204, causing the valve element 202 to

move to its open position (not shown in Figure 7). Pressure sensor 127 senses the pressure in



station (not shown) via a cable 152, to receive power and communication
signals therefromlIn one illustrative enbodinent, the notor 131 is a
br ushl esswDGoownises73 Al so, in one illustrative enbodi mrentCTiuseosomMwDI
nodul e 150 includes a battery 154 to provide primary power to the notor 131
and the solenoid 138. The battery 154 may be trickle-charged froma | ocal
power source or froma renote locationz In this instance, only a snmall
cabl e woul d be needed to charge the battery 154. Alternatively, primry
el ect r ifloal 1inO W8S, a38)\thd eorsttd phodute 1 5@ outa poeeantoethe guetbi 3l ahen theeprsssireiny
154, if present, may nmerely serve as a traditional back up source for an
emer gengy 156 NHGEnab aaVE tealalRoneh 206 heiing the Bpéraifshd dpeinp268 e Bine-way

| safe node. As shown therein, a subsea valve 212 is

invention in a fai
adapt e t : _
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el enen connected to a val ve stent?2

into and through. a spri h LR 6. .. A spring.208; i : |

spring eﬂ%ﬁ%ﬁgﬁggtz% v al?’ﬁ épe\%éqn\%/)g 6% tlsg}?ﬁ%g o4, %gnabé;%trl (lﬁ“h gIna@? Jtljlgg ﬁ?ggaf“(g ﬁltgte}%gtlo
rigidly attached thereto. The valve stem 204 term nates in g st andar

iSnt er f 268 torte AaeN RAMtRDy thepRENG LYY BrFoapEsarberthy CHatpg & DIy 4 a%@r%&ﬁ%%di ng
interface 127, allow ng the valve stem 204 to be operably connected to the
pi st on sptirg20Rthat il fnd tr mo¥s thehalweedlaneens LEXémits closed posHieBi cted in the

cl osed position. To nove the valve elenent 202 to its open position, the

sol enoi d 138yhén RMREGhEakcEBatyIseldshhel vadve02, eithareeldotifely or finen einorgsdcy
position shown in Figure 7, against the force of the spring 129. This

cl oses (1&idd P.bq’%f)f%)tl!ﬁe ReEMSAN 38N8RRE 63, Lddimthe khb- Wiy VA1ge 840 toamove 128s
Then the notdr 13 1 is operated to drive the punp 147y, thus transferring
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i((i4u? Oo'lir}{i% opénsTth% ftPLlllg r}:oglrn?usn?éjatci%nfga% get‘w@er? I%iarlgb 3 gir:ll' séjclorslcﬁ) |1611g ec%aﬁl%grsplaﬁ on
blocks or shuts off flow from the pump 147 to the first chamber 113. Since the pressure now
is equalized on each side of the piston 114, the spring 208 will force the piston 114 and stem
116 backwards to its first (retracted) position, and the valve 202 will close as fluid is
transferred to chamber 115 from chamber 113.

15 Figure 8 shows a system similar in many respects to the system of Figure 6. However,
in Figure 8, a flow line 167 extends between chamber 113 of the actuator 129, and a first port
of a three-way solenoid valve 160. A second port of valve 160 is connected to flow line 136,
which is in turn connected to the output of pump 147. A third port of valve 160 is connected to
flow line 168, which is in turn connected to flow line 145. The valve 160 is biased towards a

20 first, or venting position (not shown) by a spring 161. A solenoid 162 is selectively operable to
move valve 160 to a second position, as shown in Figure 8. In the second position, the valve

160 allows fluid communication between the output of pump 147 and the first chamber 113. In

this position, flow line 168 is blocked. High pressure fluid from the pump 147 is introduced



second (extended) position, shown in Figure 8. Consequently, this wll nove
the val ve stem 204, causing the valve elenent 202 to nove to its open
position Wwoabosslessm i n Figure 7). Pressure sensor 127 segsas2008044I9BSSUr e
influid line 136, and the control nodule 150 cuts power to the notor 131
when the pressure in line 136 is sufficient to drive the valve stem 206
agai nst the power of the spring 208. Ome-way val ve 134 and two-way- val ve
140 prevent high pressure fluid fromexiting chanber 113, thus ensuring

t hat t hiatosdevehamberrghid oRER acsudted 18 thustdrivopg thepgsint i2drto itsnexiended positien
val ve el enment 202 to its open position, the spring 208 is conpressed

t her ebyywhicBafpbnoha viivaslehRhtien.f orce in the spring 208 that will tend to
nove the valve elenent 202 to its closed position. Wen it becones

necessary toygl-0S€pdchGey %@sa%p clGetthEValok 8051 MBlY elfktively GNinSMRmIRE Gy
o the s ﬁ 138 f h

situation, power ol enoil I's shut off, causing the two-way val ve

140 to ve to its open positjon sh in Figur a t .
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pressure now is equalized on each side of the piston 114, the spring 208

wi | | f osecend HéS5 whembers,1dmi blodks flew ftars theplwar Wsthe dirst chambes 13+ eYipgcthed)
position, and the valve 202 will close as fluid is transferred to chanber

115 froplesdtaeraet id tqualizb@un @ath siews the siyteh div stheisprng D68 malhforce siiepistont o
the systemof Figure 6. However, in Figure 8 a flowline 167 extends

bet ween; g %ﬁ@%{eml 13 Bickiisd PRt Hating f(r%ﬁr&ete@nﬁbs&ic_fd, hed tROVAlveD0R Willl e iRy
sol enoid val ve 160. A second port of valve 160 is connected to flow line

136, which.is in.t tiput of punp 147. A third port of
val ve 1%51}#1%% 3%%%%{tgcf%?%‘ggﬁc%l\?vdﬁnlsrﬁgﬁ%@ée?qmi chis in turn connected to fl ow

| ine 145. Th i [ .
10 Ei"h\e/ %cl)l\e/:ref\oigf 931\/'(3516 Iis? I%Fe:gs&rgi/)\ﬁgr?csed?as will be clearly understood from Figure

8. The required biasing force of the spring 161 is very small, and thus the required holding
force of the solenoid 162 may be correspondingly small.
The modular actuator 16 according to the present invention may be made very small
and compact. It is releasably connected to the valve 212 making it easy to replace or retrieve
15 for repairs or maintenance. The hydraulic portion of the system is entirely self-contained
within the housing 20 of the modular actuator 16. Thus, no external hydraulic lines are
necessary — control signals and power are transmitted through a simple and inexpensive
electrical cable arrangement. The modular nature of the actuator 16 also makes it possible to
exchange the actuator 16 wifch other types of actuators, such as an all-electric actuator. It is
20 also possible to retrofit the actuator 16 onto a valve which was previously manually operated.
Once the valve 212 has been fully actuated, the actuator 16 of the present invention requires
very little power to hold the valve in position.
Another exemplary embodiment of a modular actuator 16 in accordance with the

present invention is shown schematically in Figures 9a-9¢c. A hydraulic power unit (HPU) 380



first, or venting position (not shown) by a spring 161 . A solenoid 162 is
sel ectively operable to move valve 160 to a second position, as shown in

Fi gure 8.wbnoddmssgecond position, the valve 160 all ows Prwivd2esmment cati on
between the output of punp 147 and the first chanmber 113. In this position,
flow line 168 is bl ocked. H gh pressure fluid fromthe punp 147 is

i ntroducedinto the chanber 113 of the @ctuator 128, thus driving the stem
121 to its extended position which opens the valve el ement 202. Wen it
beconess nreRBAEd Within cheIuting M0aloy eh2GRodwart hematet d6t i ek ycopveriigncan the
energency situation, power to the solenoid 162 is shut off, causing the

three- H4RLVY GorkRA s}'&em afPbdtledy 54 lafd notodepi®dt inMBighRS i%i%en. Thehirst $§ens
the fluird conmuni cattfon path between first 113 and second 115 chanbers, and

bl ocks .fl.ow from.t he 1L St '
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pi st on and stem 121 backwards to | fi t t It

Phe. val e diosing D Culfks Tae o Gramres oF SAad 8P o s B Eriafr Tt P
chanber 113. The sol enoid valve 160 is pressure-bal anced, .as wil|

d ear | yintenaenettabthréugbng bypass ding .39T=h%1€r£l}ﬁ ithreneh fhehyipgsss biied CB‘?tr(’t”ﬁgié'p?i ng
161 is very small, and thus the required holding force of the solenoid 162

may be Weassaopoodiabgd 3506snmal | . The nodul ar actuator 16 according to the
present invention nay be nade very small and conpact. It is releasably

connect ed t Ot A€ e¥@h¥Rry tAboBikicRg thet ak@syr that hepeapitor 382 trayesasioof an
repairs or maintenance.” The hydraulic portion of the systemis entirely
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10 operation of motor 385 may precisely control the motion of piston 382. Examples of a suitable
motor 385 and gearbox 375 combination include a Model Number TPM 050 sold by the
German company Wittenstein. The motor may alternatively be a linear electric motor.
In the well tubing there is mounted a controllable downhole safety valve 346, known in
the art as an SCSSV (Surface Controlled Subsurface Safety Valve). As is well known in the
15 art, the SCSSV includes a hydraulic cylinder including a “slave” chamber 393. To actuate the
SCSSV, chamber 393 is pressurized, pushing a piston 394 against the biasing force of a spring
395 to open the valve 346. A fluid line 387 is connected between the slave chamber 393 with
an outlet port 398 of an operation control valve 388 positioned within the housing 20. A first
inlet port 396 of operation control valve 388 is connected to fluid line 389, which is connected
20 to cylinder chamber 383. This arrangement controls the flow of fluid from master cylinder 381
to the SCSSV actuator 374. A check valve 399 is mounted in line 389, between the operation
control valve 388 and the chamber 383. The check valve 399 allows fluid to flow from

chamber 383 to chamber 393, but not the reverse.



exchange the actuator 16 with other types of actuators, such as an
all-electric actuator. It is also possible to retrofit the actuator 16 onto
a val ve whochoowmss7pr evi ously nmanual |y operated. Once thecvralse@s®i®ohas been
fully actuated, the actuator 16 of the present invention requires very
little power to hold the valve in position. Another exenplary enbodi nent of
a nodul ar actuator 16 in accordance wih the present invention is shown
schematically in Figures 9a-9c. A hydraulic power unit (HPU) 380is

posi ti oned wi héduniigtohd08,i ddgtaingh supplynafchyldeauliafluidyt isrconbectddoto the fluid
conveni ence, the illustrative control system 50 and battery 54 are not

depi ct eehe IB7RIHHRES0 1%} l@‘fooinﬂ_&ﬁw@é}l bp3&Eor Apkietiesves s@siEeheel valnel899.38he wi t h

a piston 382 reciprocally novable axially in the cylinder, thus dividing
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are interconnecte roug pass ow t hrough the bypass

being ¢ | l.ed by a bypass control. valve.390. In th I nmbodi t
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gearbox and transm ssion. In the exenplary enbodjnment, an electric tar
385 is oper aAime:'rsyrecbnlﬁ@@qdeepmwnéat@th? 13%@%%@ &% sncad galst peyt %‘%,O?such
that operation of notor 385 may precisely control the notion of piston 382.
Exanpl espesdtioa conirbhihlee i8Boria 586 400d Hcfhriddine3H08 conbith Rpmpansaior 408 ewith
Model Number TPM 050 sold by the German conpany Wttenstein. The notor may

al t er nagiaufky 308 A hhdieatylaldecssi.c Aolwd.linend(Sheonmetls dombpengptdrhédse with a
nmounted a controll abl e downhol e safety val ve 346, known in the art as an
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art, th des a i'c cylinder including a "slave" chanber
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10 Referring to Figure 9a, when the motor 385 is energized, the piston 382 will move
downward in the master cylinder 381. This forces high-pressure fluid through the line 387 to
the slave cylinder 393 in the downhole valve actuator 374, with the operation control valve 388
in a first or open position. On the downstroke, the chamber 384 of master cylinder 381 is
refilled from compensator 405. Check valve 399 and accumulator 400 cooperate to maintain
15 the pressure in the line 387 at a level that will hold the SCSSV valve open. Referring to Figure
9b, to close the SCSSV valve, the operation control valve 388 is shifted to its second or closed
position. In the second position, operation control valve 388 allows fluid to flow back up
through line 387, through line 406 and back into compensator 405. In other words, the slave
chamber 393 of the downhole actuator is vented through operation control valve 388 to the
20 low-pressure system.
The pressure differential across piston 382 will normally force the piston back to its
upper starting position When~ the motor is de-energized. However, under certain conditions it

may be necessary to reset the piston 382 to the upper position. To do this, bypass control valve

390 is shifted to a second, or open position, as shown in Figure 9c. In the second position,



395 to open the valve 346. A fluid line 387 is connected between the slave
chanber 393 with an outlet port 398 of an operation control valve 388

posi ti oneslowdduessBhe housi ng 20. A first inlet port 39®cofuse@snaiobon
control valve 388 is connected to fluid line 389, which is connected to
cylinder chanber 383. This arrangenent controls the flow of fluid from
master cylinder 381 to the SCSSV actuatior 374. A check valve 399 is nounted
inline 389, between the operation control valve 388 and the chanber 383.
The cheglasyadoneoBIQlvel b9walldweifthid dof flow through chartypes3ae thetvedeantber tvgo3,
but not the reverse. An accunul ator 400, containing a supply of hydraulic

fluid, hembQonested 381 bhBelhakte ¢1RReB8Thy eRclrlnmof?1385ahay theai bd rbeinmeen
operation control valve 388 and check val ve 399. The accurul ator 400
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ay open nor na erating conditions. A pressure

bal anced co nsator 405 i s, connected t 0. a, sec inl

operation c FHReY) ébguf%gbvi i ﬁels4%§%re%%?lr§§%rk$ﬁ§é 28%%%%‘20@? the
conpensat or 405 wi th chanber 384 of master .cylinder 381.. A fluid |ing,409
connectopertp eprial ol eS8 wasPrangy, Beths| Sﬁitﬁeéé% gp sefend pi’il.tlo‘Tﬁ%A @‘Sd’bﬁ’t% 5853 11
al | ows .hydrfa‘ul ic fluid to be supplied froman external source (not shown)
so t hatis bharicted amdities tdgpisdont 332 Hewhyrardainimastes pytindar 331 ek pieayire se5Phl 2 9a,
when the notor 385 is energized, the piston 382 will nove downward in the

mast er igYink 20€m@Btbrs fhbipseshae 4@ shehaghmplaesi@0embkingdt pomsibleglo stéretheimetoss?
to the slave cylinder 393 in the downhol e val ve actuator 374, with the

oper at i V%%gtc%gﬁ d’@Jgé’s%re?@?eaicHecﬁ first or open position. On the downstroke,
t he chanber 38 (ﬁ ster cylinder 381 is refilled from conpensator 405.
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10 system, to replace fluid lost due to leaks, for example. To accomplish this, an external source
(not shown) of hydraulic fluid may be coupled to the hydraulic coupler 411. Fluid from the
external source fills the compensator 405 and first chamber 384 of master cylinder 381. By
shifting the bypass control valve 390 to its open position (Figure 9¢), fluid may also flow into
second chamber 383. Bypass control valve 390 may then be moved to the closed position

15 (Figure 9b), and piston 382 may be moved downwards to recharge the accumulator 400, as
previously described.

The exemplary embodiment of the invention shown in Figures 9a-9¢ includes a high-
pressure section, including accumulator 400, which is maintained at a pressure which is suffi-
cient to operate the SCSSV. This embodiment also includes a low-pressure section, including

20 compensator 405, which is maintained at a second pressure which is less than the pressure
required to operate the SCSSV. The compensator 405 may be partly filled with an inert gas

such as nitrogen, which compensates for pressure differences due to operation of the SCSSV,

and which also primes the system for use at various water depths.



9b, to close the SCSSV valve, the operation control valve 388 is shifted to
its second or closed position. In the second position, operation control

val ve 388welb@vwss7Bui d to flow back up through |ine 387pctrhusomghedone 406
and back into conpensator 405. In other words, the slave chanber 393 of the
downhol e actuator is vented through operation control valve 388 to the

| ow pressure system The pressure differential across piston 382 w ||
normal |y force the piston back to its upper starting position when the
notor is de-Byetikiagadhe Haneplary, erbbmenarftthe malukediactuates 1i6tshawy ibefigures
necessary to reset the piston 382 to the upper position. To do this, bypass
cont r ol g V& Wet3A9rd, By@hilidafld dcRatedSRE@RGle safetPRelve RAS bé ueHl, while slaimitihg
Figure 9c. 'In the second posSition, bypass control valve 390 allows fluid to
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Faster A e © ECLFIC nﬁtor then be run in reverse in order
0 nmove e _piston, a to the ,upper starting positi I
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operation control valve 388 may or may not be shifted to its second

pbsi t1 owsiend The vAe ol emeioss aliercis & LeeaR obR IRAABHSEITFB A5 Howdhard i n
master cylinder 381. A pressure sensor 413 in line 401 nonitors the

pr essurenérgendyethacRCSAV atoquithly, bemldsed) by tshifing iobration centeq) Yahee ABE &¢ i385
when desired pressure is reached. Fromtinme to tinme it nay become necessary

to repl @Bbsdpddieod) vidk abhting the Uigh-pressufefhdy Sioaniing 887.epl ace fluid | ost due
to | eaks, for exanple. To acconplish this, an external source (not shown)

of hydraul i cpfd Hirgseﬁgx?mﬁsmel et e YShA bemusRHIbersubschlvalvbyiagdf rom
the external source tills the conpensator 405 and first chanber 384 of

b B R e
comprises a hydraulic actuator, at least one housing and a self-contained hydraulic supply
system positioned within the at least one housing.

In another illustrative embodiment, the actuator comprises a hydraulic actuator, at least
one housing and a plurality of components positioned within the at least one housing, the
components comprising a self-contained hydraulic supply system and a control system to
control delivery of a high pressure hydraulic fluid produced by the self-contained hydraulic -
supply system.

In yet another illustrative embodiment, the actuator comprises a hydraulic actuator, at
least one housing and a self-contained hydraulic supply system positioned within the at least
one housing, the self-contained hydraulic supply system comprising a pump driven by an
electrical motor, at least one fluid reservoir and a control/vent valve.

In a further illustrative embodiment, the actuator comprises a hydraulic actuator, at least
one housing and a self-contained hydraulic supply system positioned within the at least one
housing, the self-contained hydraulic supply system comprising a pump driven by an electrical

motor, at least one fluid reservoir and a control/vent valve. The actuator further comprises a



second chanber 383. Bypass control valve 390 may then be noved to the
cl osed position (Figure 9b), and piston 382 may be noved downwards to
rechar ge wbeo@nsssval at or 400, as previously described. Poe/siesphavy
enbodi ment of the invention shown in Figures 9a-9c includes a highpressure
section, including accunul ator 400, which is maintained at a pressure which
is suffi cient to operate the SCSSV. T#i s enbodi ment al so includes a
| ow- pressure section, including conpensator 405, which is'mintained at a
second ¢phesisykRmUstiones wittdss teha easthenefiomsmgrte comopidebdery of egeghapiesure
SCSSV. The conpensator 405 may be partly filled with an inert gas such as
ni t r 098 4r i Gthif PRRBBSR LS Shé QEIf-RoRaiaed Bydiabfiekafitesydin dnd 0pef-adritainedf
the SCSSV, and which also” prinmes the systemfor use at various water
depths. By utitizing it : ] i ar i rsefk6
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shown iR &S tandar ydrauli cal 'y actuated downhol e
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hydr aul oAt UEE 9 Iefpc rf%ﬂ??W@ @Jﬂgf Brc‘,@f“rygﬁoélﬁc(fa&%&e r\}\%a;i] Bs\é)gfég{}et?éﬁg)gﬁl\?gs
have a spring failsafe feature so that the valve will close when pressure
is reliasi@trin the system The valve will therefore also close in the event
of a hydraulic systemfailure. In an energency the SCSSV can quickly be

cl osed by shilid pangculgremaltddiments disclobed/atiove ap88luswativendy @e e PYSPEIOR2Y t hus
venting the high-pressure fluid fromline 387. The present invention is

di rect agb $8d@caRA padctided HAEBferdn® busetisedent ahatesrsapgarenuioptieset skidettinvhe i ous
nmet hods of using sane. In one illustrative enbodi nent, the actuator

conpri sgs thiH%ﬁ{eaﬁéhkﬁt BEIYAL Qhin @ hel RS FoOBRMNNShOProdesd derikf feonitavaed
hydraul 1c "suppl'y system positiorned within the at |east one housing. In
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5 of construction or design herein shown, other than as described in the claims below. It is there-
fore evident that the particular embodiments disclosed above may be altered or modified and

all such variations are considered within the scope and spirit of the invention. Accordingly, the

protection sought herein is as set forth in the claims below.



one housing and a plurality of conponents positioned within the at |east
one housi ng, the conponents conprising a self-contained hydraulic supply
syst em amsoaoenress7el systemto control delivery of a hi ghTprsesswi®97
hydraulic fluid produced by the self-contained hydraulic supply system In
yet another illustrative enbodi nent, the actuator conprises a hydraulic
actuator, at |east one housing and a sml f-contained hydraulic supply system
positioned within the at | east one housing, the self-contained hydraulic
supply system conprising a punp dri GinIMSan el ectrical notor, at |east one
fluid reservoir and a control/vent valve. In a further illustrative

enbodi nKAf T§§QIQ$HMEb9r conprises a hydraulic actuator, at |east one

housi ng aﬁé a self-contained hydraulic supply system positioned within the
at | east one housing, the self-contained hydraulic supply system conprising
a punp driven by an electrical notor, at |least one fluid reservoir and a

control /vent val ve. The actuator further, conprises acqgntrol_ syste .

posi ti oned wi-t hi rf*tHedypr peator cﬁﬁ‘éptﬁédgi by fn@aséﬁﬁ’t F%H‘Pq?f&tf’vaersé‘%s&?n%e"hﬁegh
pressure hydraulic fluid produced by the self-contained hydraulic supply
syst emcemprizingel f - cont ai ned source of electrical power positioned wthin
the at | east one housing, wherein the selfcontai ned source of electrical
power is thealpdradicyacanmtorce of el ectrical power for the nodul ar actuator.
The particul ar enbodi nments di scl osed above are illustrative only, as the
invention mayher smdidusg; amd practiced in different but equival ent manners
apparent to those skilled in the art having the benefit of the teachings

herein. For exampl e SitfoREd WitBRAQURI ABhsPéhenRubiagmed i n
a different %%%g%%ﬁﬂﬁ%fﬁggﬁgggéaﬁg%?ﬁﬁ?ﬁgkﬁbns a}e intendeg to the getails
of construction or design herein shown, other than as described in the

clains below. It is there

2. The modular actuator of claim 1, wherein said subsea device comprises a valve.

3. The modular actuator of claim 1, wherein said subsea device comprises a

Christmas tree.

4, The modular actuator of claim 1, further comprising a control system positioned
within said at least one housing to control delivery of a high pressure hydraulic fluid produced

by said self-contained hydraulic supply system.

5. The modular actuator of claim 1, further comprising a self-contained source of
electrical power positioned within said at least one housing, wherein said self-contained source

of electrical power is the primary source of electrical power for said modular actuator.

6. The modular actuator of claim 5, wherein said self-contained source of electrical

power comprises at least one battery.



fore evident that the particul ar enbodi nents di scl osed above nmay be altered
or nodified and all such variations are considered within the scope and
spirit ofwoheodsygmati on. Accordingly, the protection sowghmtush@smiisy9i s as
set forth in the clains bel ow. CLAIM5S WHAT IS CLAIMED: 1. A nodul ar actuator
adapted to be rel easably coupled to a subsea device, conprising: a
hydraul i c actuator; at |east one housizag; and a self-contained hydraulic
supply system positioned within said at | east one housing. 2. The nodul ar
actuator of claim1, wherein said subsea device conprises a valve. 3. The
nodul ar actuator of claim1l, wherein said subsea device conprises a

Christmas tree. 4he thenmmdithatoragtolahol, Wheréihahid self-§antdihal hpagiici sipply a
control system positioned within said at | east one housing to control

del i ver L 4 : ulic fluid produced by said self-contained
st Fh cg%lpg@%yﬁrg%ﬁmgﬁﬂ@

hydraulf'c su e nodul ar actuator of claim1, further
conprising a self-contained source of electrical power positioned within
said at | east one housing, wherein said self-contained source of electrical
power is the primary source of electrical, power, for_said dul ar. act uat or.
6. The nodulBar adihganedularacgaiqraislaigh brahaiea spi ?Qnéadﬂ%@i’yﬁéﬂﬂ@ﬂft@@ of
el ectrical power conprises at |east one battery.7. The nodul ar actuator of
cl ai m Jositiberdewithinahd ekihg compesasadpumymidiaeniby apghestsica yagtetm conpri ses a
pressure intensifier.

9. The modular actuator of claim 1, wherein said self-contained hydraulic system

comprises at least one fluid reservoir and a control/vent valve.

10. The modular actuator of claim 1, wherein said modular actuator further

comprises means for releasably coupling said modular actuator to said subsea device.

11.  The modular actuator of claim 2, wherein said self-contained hydraulic supply

system is adapted to supply a pressurized fluid employed in actuating said subsea valve.

12.  The modular actuator of claim 3, wherein said self-contained hydraulic supply
system is adapted to supply a pressurized fluid employed in actuating a valve within said

Christmas tree.

13.  The modular actuator of claim 1, wherein said modular actuator is adapted to be

releasably coupled to said subsea device by an ROV.



8. The nodul ar actuator of claim1, wherein said self-contained hydraulic
system positioned within said housing conprises a punp driven by an

el ectri cavormienrsss7®. The nodul ar actuator of claim 1, wereTaiSRoSAIH97

sel f-contai ned hydraulic system conprises at |east one fluid reservoir and
a control/vent valve. 10. The nodul ar actuator of claim1, wherein said
nmodul ar actuator further conprises neass for releasably coupling said
modul ar actuator to said subsea device. 11. The nodul ar actuator of claim
2, wherein said selhoditt adtiecr hyaptedilio des tpgisgblyy stuptad & adsybseal degicsuppl y
a pressurized fluid enployed in actuating said subsea valve. 12. The
nndula%mﬁghgﬁ%pr of claim3, wherein said self-contained hydraulic supply
systemis adapted to supply a pressurized fluid enployed in actuating a
valve within,said..Christmas tree. 13. The nodul ar actuator of claim1l,
wherein sai@lwggwpﬁ?mn%ngtor is adapted to be rel easably coupled to said
subsea device_by an ROV. 14. A nodul ar actuator adapted to be rel easably
coupl ed to & aH<wshquynE&dconprising: a hydraulic actuator: at |east one
housing; and a plurality of conponents positioned mﬁtﬂin,said at | east one
housi ng, saiacbluaipioefessmponentpositinped witkia|spldaileast ARSI COTRBRTYS
system and a control systemto control delivery of a high pressure
hydraulic fluid poagusad: by sai d sel f-contai ned hydraulic supply system

a self-contained hydraulic supply system; and
a control system to control delivery of a high pressure hydraulic fluid produced

by said self-contained hydraulic supply system.

15.  The modular actuator of claim 14, further comprising a self-contained source of
electrical power positioned within said at least housing, wherein said self-contained source of

electrical power is the primary source of electrical power for said modular actuator.

16. The modular actuator of claim 14, wherein said self-contained source of

electrical power comprises at least one battery.

17.  The modular actuator of claim 14, wherein said self-contained hydraulic supply

system comprises a pressure intensifier.

18.  The modular actuator of claim 14, wherein said self-contained hydraulic system

positioned within said housing comprises a pump driven by an electrical motor.

19.  The modular actuator of claim 14, wherein said self-contained hydraulic system

comprises at least one fluid reservoir and a control/vent valve.



15. The nodul ar actuator of claim 14, further conprising a self-contained
source of electrical power positioned within said at | east housing, wherein
sai d sel fwoandcaisgezd source of electrical power is the prcmasyosowee of

el ectrical power for said nodul ar actuator. 16. The nodul ar actuator of
claim 14, wherein said self-contained source of electrical power conprises
at | east one battery. 17. The nodul ar actuator of claim 14, wherein said
sel f-contai ned hydraulic supply system conprises a pressure intensifier.

18. The nodul ar actuator of claim 14, wherein said self-contained hydraulic
system positioned within said housing conprises a punp driven by an

el ectrical mpgor. THO mdh@armeeuitar ofcdlalat Qd, afhegdiai sxidl 4noduier aitnatsmifutther

sel f-contai ned hydraulic systen1conprises at | east one fluid reservoir and

a control/ r?s@% me%#s\lji?f ﬁeg?as ﬁ’prl Hing %Bidarﬁé&l?&oe[ct&ftor% ilsdthea BGEST N Sai d

modul ar“a means for releasably coupling said
nodul ar actuator to said subsea device. 2 1. The nodul ar actuator of claim
14, wherein said self-contained hydraulic supply systemis adapted to

supply a pressurized fluid enployed in_actuatin ubsea val ve. .22. The
nodul ar act udt-or ke grodpley Mtuatﬁh‘éf?@?“ﬁ’ %‘i % Segf al?y@%’éfﬁﬁf‘ Yto

be rel easably coupled to said subsea device by an ROV. 23 A nodul ar

act uat osystaia taddpted theippll ® preabirigedBuigdlcorploxeddn seipating deubiseeval¥dnpri sing: a
hydraul i c actuator; at |east one housing; and a self-contained hydraulic
suppl y systen1positioned within said at | east one housing,

22.  The modular actuator of claim 14, wherein said modular actuator is adapted to

be releasably coupled to said subsea device by an ROV.

23. A modular actuator adapted to be releasably coupled to a subsea device,
comprising:

a hydraulic actuator;

at least one housing; and

a self-contained hydraulic supply system positioned within said at least one housing,
said self-contained hydraulic supply system comprising:
a pump driven by an electrical motor;
at least one fluid reservoir; and

a control/vent valve.

24. The modular actuator of claim 23, further comprising a control system
positioned within said at least one housing to control delivery of a high pressure hydraulic fluid

produced by said self-contained hydraulic supply system.



said self-contained hydraulic supply system conprising: a punp driven by an
el ectrical notor; at |east one fluid reservoir; and a control/vent val ve.
24. The mwoubewosssruat or of claim 23, further conprisi ngca/usessn®o9syst em
positioned within said at | east one housing to control delivery of a high
pressure hydraulic fluid produced by said self-contained hydraulic supply
system 25. The nodul ar actuator of clabgn 23, further conprising a

sel f-contai ned source of electrical power positioned within said at |east
one housi ng, 2sher Themsduldr sebitor onélainn23 faghwraengfiselgectetft@ataipmlwurdewft he
primary source of electrical power for said nodul ar actuator. 26. The

modul ar eléfthle'ﬁtﬁv’we?fpoﬁﬁ@{éal Wizhin WHRI R idastSitke hofgih - whEbiai shRG e Fisn fencdf source
el ectrical power conprises at |east one battery. 27. The nodul ar actuator

of clai ”ﬁeﬁg’ctri(\f\gl%ro%jepis%ﬁ%}grrirrggxg)l’goﬁkeao(ftefé@ttrﬂﬁxl A 6 RPBALIRER RGNS I Of

rel easab coupling sai ar actuator to said s evice. 28. The
nodul ar actuator of claim 23, wherein said self-contained hydraulic supply
systemis adapted to supply a pressurized fluid enployed in actuating a
subsea val ve. 29. A nodul ar actuator adapted to be rel easably coupled to a
subsea devi c86. compeimedigar achgiar il plaim cAd avhsreing gaifl esglircogiiingth sey1sg: ofa
sel f-contai ned hydraulic supply systempositioned within said at |east one
housi ngelestaical eveh comptisesae tbabtyahedattéry. suppl y system conpri si ng:

27. The modular actuator of claim 23, wherein said modular actuator further

comprises means for releasably coupling said modular actuator to said subsea device.

28.  The modular actuator of claim 23, wherein said self-contained hydraulic supply

system is adapted to supply a pressurized fluid employed in actuating a subsea valve.

29. A modular actuator adapted to be releasably coupled to a subsea device,
comprising:

a hydraulic actuator;

at least one housing;

a self-contained hydraulic supply system positioned within said at least one housing,
said self-contained hydraulic supply system comprising:
a pump driven by an electrical motor;
at least one fluid reservoir; and

a control/vent valve;



a punp driven by an electrical notor; at |east one fluid reservoir; and a
control/vent valve;a control systempositioned within said at |east one
housi ng twocossossd73del i very of a hi gh pressure hydraul i ecriuseebspapduced by
said self-contained hydraulic supply system and a self-contained source of
el ectrical power positioned within said at | east one housing, wherein said
sel f-contai ned source of electrical powr is the primary source of

el ectrical power for said nodul ar actuator. 30. The nodul ar actuator of
claim 29, whérnHoksyistemspesitionsd tvihiespid aileast ong heysing fojcontrolsislisery b gl es
at | east one battery. 31. The nodul ar actuator of claim29, wherein said
modul ar act uat or frwessheer hpdmagid Shisd meadeed dry seide adfbbytamed yidreylis asupply
nodul ar actuator to said subsea device. 32. The nodul ar actuator of claim
29, wherein said sgkttm¢emd ai ned hydraulic supply systemis adapted to
supply a pressurized fluid enployed in actuating a subsea val ve.

a self-contained source of electrical power positioned within said at least one housing,
wherein said self-contained source of electrical power is the primary source of

electrical power for said modular actuator.

30. The modular actuator of claim 29, wherein said self-contained source of

electrical power comprises at least one battery.

31. The modular actuator of claim 29, wherein said modular actuator further

comprises means for releasably coupling said modular actuator to said subsea device.

32.  The modular actuator of claim 29, wherein said self-contained hydraulic supply

system is adapted to supply a pressurized fluid employed in actuating a subsea valve.



