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WD 2006/ 068873 PCTI US2005/ 044997 MODULAR ACTUATOR FOR SUBSEA VALVES AND
EQUI PMENT, AND METHODS OF USI NG SAME BACKGROUND OF THE | NVENTION 5 1.

FI ELD OF THE | NVENTI ON The present invention is generally directed to the
field of act uat ors and nore particularly to a nodul ar actuator for subsea
val ves and (g4 ?;3, and various methods of using sanpcrhiR2008644997
illustrati ve exarrp the present invention is directed to a system for
controlling an actuator for a downhole safety valve in a subsea Christmas
tree. 10 2. DESCRI PTI ON OF THE RELATED ART The production froma subsea well
is controlled by a nunber of valves that are assenbled into a Christnas
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entirely dependent 15 upo%‘l\g‘% %mﬁ %Eﬁ%@ggmupply of pressurized
hydraulic fluid. Hydraulic power is normally supplied through an unbili cal
running froma station | ocated on a vessel on the surface or, |ess common,
froma | and based station. uaI I& the actuators are controlled by pilot
val ves housed in a cont r ol BAGKGROUND OFIHE INVENEION he subsea
installation, the pilot valves directing the supply of hydraulic fluid to
eacth act udt or , FERLDOR BHEJNWENREONeed for 20 operation. The pilot valves
may be operated by electric nmeans and such a systemis therefore called an
el ect r o- hydr auThec peagaiteinverfton tegérgrliyf dizetadatoonise dhetd \ofl acastdrgr arglubsra
wells are dictated by stringent demands on the standard and function for

these val y@fculBCRUS enddhilat ReustarigrrssbRh viRePMd eddififertehRPeRiod¢ methods of
hydr ocar bons A typical demand is that these valves nust be failsafe closed,

meani ng t i@ty S48 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
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25 nust cl ose upon | oss of power or control. The only practical neans today
i n subsea WD 2006/ 068873 PCT/ LS2005/ 044997 2 environnents is to use springs
that are held in the conpressed state by the hydraulic pressure, Kkeeping
the valve open, and will be released in the event of |oss of hydraulic
pressure, tRus00 kng the valve. The spring force need 0 a val ve
i s dependent upoﬁ“g%?h wel | pressure and anbi ent pressuf&lbgﬁoﬁgﬁo“ﬁsgzger

anbi ent pressure demandi ng | arger springs. 5 For the control of subsea

wel |'s, a connection between the well ang a nonitoring and control station
must be established. This station can either be located in a floating vessel

near thenSioieRehtd Reb Abd PhinPhaPéreihdlddin R dniphr@dbdDfae tyIROhrfflRIEEs@BRY -
Cormmuni cati on between the <control station and the subsea installation is

nor mal |y el Aclde bA! Ald 610 b8 RIER | GeleverR BRI HRErLMO pRALAL ShusThe

unbi li cal conTalins |Ines e supply of hydraulic tluid to the I0 vari ous
actuators,in on by,the,well. ectric lings for the s l,y .of el ri G, power
and si gna‘fl%sufgt){hev%afl‘(eoﬁgle IR gJ?ricﬁdwg%g {é)ocﬁ?sre of valté/\E}il&e&sége?ﬂqgml W?élsgﬁ%rweli gnal s
to pass to and fromthe well. T it[s gg:r%ilical IS, a vg,ry conpl i,cated and
expensi vePPIEnand BRPIeAPresE, With {age smbin by PisHtedepending fasger spiingioy| d
therefore be very cost-saving to be able to elimnate the unbilical.

Proposal s havier beee¢pnirabiel subsepswells, accornestion hetpenr dieevelbenduiamengoring andubsea
val ves instead of the 15 traditional hydraulic actuators, see for exanple
U. S. Pat esintrdlogtation, Mexst b6 eatdistled  Thdst290 .cat-oitheev de lodatedsin erftoatihg véssel near
installation of conpletely new actuators, resulting that it is not possible

to retrofthé subskyidstallhtiods sy it £hhstationn [@lgiidtance ada. UadramuniEfioRdeeden the
Application No. 1209294 discloses an electro-hydraulic control unit with a

pi st on/ cyddnBEEstaddd aRd aFERbseH IntallionPisStorRalty Bidida Wﬁlsﬁal/lldgnﬁl%nibﬂicgl t wo
chanbers, a fluid 20 connection between the two chanbers and a valve to

conty U7 ey R, THE bt BEEARfe MAPU bandl Autl

10 various actuators in or by the well, electric lines for the supply of electric power and signals to
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.
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WO 2006/ 068873 PCT/ US2005/ 044997 3 U.S. Patent No. 6,269,874 discloses an
el ectro-hydraulic surface controll ed subsurface safety valve actuator that
conprises an electrically actuated pressure punp and a dunp valve that is
normal |y open so that if power fails, the pressure is released and the

saf ety val veoch@sRrgs73 The present invention is directed tg us for
solving, or at least reducing the 5 effects of, sone or ﬁPS % t{%g

af orenenti oned probl ens. SUMVARY OF THE | NVENTI ON The present invention is
directed to a nodul ar actuator for subsea valves and equipnment, and various
met hods of using sane. In one illustrative enbodi nent, the actuator

conpri ses a hydriafbtent Me t6, 2090874 ditcldsenst elevim-lnoiailingudind anselldd mbsurhtaned
hydraul i c supply system positioned within the at |east one housing. In

anot her i kdféts tvaBt iavi@ateibattarptises b eleat€itd1Bt Rkuab@nfEdssre puehpytdr At valve
actuator, at least one housing and a plurality of conponents positioned

withint hﬁlaﬁ‘rs nbﬁﬁa‘-‘llry ?é}?sohtﬂh'ﬁ”fﬁgwertf&?s the QPRARE N re1eERAREA ﬁfe'},gfe%r Bl 140t ai ned
hydraul i c supply system and a control systemto control delivery of a high

pressure hydragd grt {]ehfjln@fnﬁf o l{régcﬁnlqgtgg é& n‘%? éﬁﬁutuscfb@ts@l'vﬂl op%(olre%flrkd'\ucx ?{RQ ly

system In yet the act uator conpriSes a

hyd | h d | f t d hyd |
suppy syef ﬁﬁ%f)%%rf{eoesﬁ%a%ﬁaafaﬁ?fﬁ%?%’%% nP8sE nehousing. the

sel f-contai ned hydraulic supply system conprising a punp driven by an
electrical notor, at |east one fluid reservoir and a control/vent valve. In
a further illustrative enbodi nent, the actuator conprises a hydraulic
actuator, at |east one houSUNMMARYOETHE ENVENTION hydraul i c supply system
positioned within the at | east one housing, the self-contained hydraulic
suppl y syst em Thenprdsaitnimventpumis diresteh tdoya ampdalae cdctuatal for subsea valves and
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
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



|

notor, at |east one fluid reservoir and a control/vent valve. The actuator
further conprises a WO 21106/ 068873 PCT/ US2005/ 044997 4 control system
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 wosmbdiossgyat ai ned source of el ectrical power P@ﬁh@io@?&%m thin
the at | east one housing, wherein the self- contained source of electrical
power is the primary source of electrical power for the nodular actuator.
BRI EF DESCRI PTI ON OF THE DRAW NGS The i gventi on may be understood by
reference to the follow ng description taken in conjunction with the
acconpanygongordysten@sitioned withiahhd atkeast efecionsiag toeomabbddivedestta High priessare

el enents, and in which: 5 Figure 1 is a schematic depiction of one

i T ustrathysen SR pRALca by 1R BIFRSARNhed hjnaMid QPpBRsRYLshd # sQRBARGERIPON

wi th a subsea valve; Figuré 2 is another Sschematic dépiction of an

alternati L e d vent i i t.Len Wi th
a subsea %gfjc?ﬂ%%%@%nﬁs)JvEltrgﬁorSfeHsoggﬁ%?ur{dgy&rQ'it ?)egpcvg{rgipég%&%ép&e? %H(r)l[ﬁ ét(jlsur?}_odul ar
actuator in acgordanc ngh one 1q8;ILustrative qhQOdinent ?f Bhe ﬁesent
i nvent i on®* HETRUEC PECISCEEH AOXET I R BREY SRS CLRCFTFH SOMST (97 d ?1{5‘8@‘118%

actuator in accordance with one enbodi nent of the present invention; Figure

5is a de?ﬁu@tt‘i’ron of yet another illustrative enbodi nent of a nodul ar
actuator in accordance with the present invention; 15 Figure 6 is a nore
detail ed schematic depiction of one illustrative enbodi nent of the present

invention in a first working node;
' BRIEF DESCRIPTION OF THE DRAWINGS

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;
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Figure 7 is a detail ed schematic depiction showing one illustrative

enbodi nent of the present invention in a fail safe node; WO 2006/ 068873
PCT/ US2005/ 044997 5 Figure 8 is yet another illustrative enbodi nent of the
present invention enploying an alternative valve arrangenent; and Fi gures
9a- 9c depi ctvoxodidekgsst rati ve enbodi ment of the present iﬂyﬁg$%gﬂmhg7various
operating configurations. 5 Wiile the invention is susceptible to various
nodi fications and alternative forns, specific enbodi nents thereof have been
shown by way of exanple in the drawi ngssand are herein described in detail.
It should be understood, however, that the description herein of specific
enbodi ment s i Figué 8iimyetnat@chet dlusirativie ebdbedinteneof the présentt ineerpian ttmpldyatg dnor ns
di scl osed, but on the contrary, the intention is to cover al

nodi fi cat j)RRBiverNe/AtMBtMent2did al ternatives 10 falling within the spirit
and scope of the invention as defined by the appended cl ai ns. DETAI LED

DESCRI PTI ON O'T:%JEE VYERLH N kiR G dBRR T RO heesBiht bEntloR B Natifis ar €
descri bed bel ol. Inb%\lge%ggﬁtg:reét of cl arllgqt y, hot a}pfesf eatureg of anl act ual
i npl enent at o0 ibed in this specification. It wll of course 15 be
appreciat%ﬁrf"%?&ﬁﬁﬁﬁﬁgh%evelopnent of any such actual enbodi nent, numnerous

i nplenmenta tiqp;specific decisions .nust be.nade chi ev he devel opers'
speci fic goal SVRELER ivepdpts S Gemubleno Haris rane Peafigns g Afemative. fores

busi ness-rel ated constraints, which will vary fromone inple- nentation to
anot her . WssiEie gabodiments; therepfehayp beer shavarby Way of gxample daves diawis 28d REx t

m ght be conplex and tine-consum ng, but woul d neverthel ess be a routine
under t aki hegeifi descrihed én détail 20t ghrodldnbe yndskdtédd, howevee, that thieadesariptivimdetsamef i t  of
this disclosure. The present invention will now be described with reference
to the atsmciliedmbodjtreas.is hbeintended to limit the invention to the particular forms disclosed,

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

[llustrative 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
congistent 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



wor ds and phrases used herein should be understood and interpreted to have a
meaning consistent wth the understandi ng of those words and phrases by
those skilled in the relevant art. No special definition of a termor
phrase, i.e., a definition that is different fromthe WO 2006/ 068873
PC171JS2 0 WoRb@Awss?® 7 6 ordinary and customary meani ngc@gsHedRsess ood by
those skilled in the art, is intended to be inplied by consistent usage of
the termor phrase herein. To the extent that a term or phrase is intended
to have a special neaning, i.e., a nmeankng other than that understood by
skilled artisans, such a special definition will be expressly set forth in
t he speci érilinatyi 2ox dustoznacke friemiitg asahdebstomintyethoschsitillell iretie|ayt, Snidtendeiqtel bkocal |y
provides the special definition for the termor phrase. In the follow ng
descri pt i @iplied Be céridistont bistigel of the @erirSoriphete héreinN dioqBé extantithatiadere O edst 0

bet ween conponents of the system It should be understood that in various

embodi menfenddd® haideuh dp&Rd) ']ﬁ&ahin% i, QetaV\ﬁ@iﬁlrng&H&nﬁi%sthﬁiaNndé&{B%H' sesidleqct ual
fluid conduit such as a pipe or hoseé, or the components may be connected

direct |y L. gachont Bt AR EANLIGYRELAN Wik d BeAbbansulbRly { Mfifhonal

COITTYUI’]I cation ’be n conponents as S consli aere

Such as. SR e ?e%ﬂeaswﬁ&%ﬂawo@eytph% Rt e eiioh o R ot Pt e

direction of flujd fIOM/bgtmeen varlous conponent s, of t he devi ces depicted
in the attacHBdhgfollavingsdespiriiopethe tgan fpd|lingds paedhignindicate iy fuig serneglien | eg
inthe art after a conplete 15 readl ng of the present application, the

devi ce anketwsentcomponenic el the dystwesm.eltrshowlg bpengrosioed b valrlnusambcmlersent@dhe
orientation. Thus, the reference to the direction of fluid flow should be
under st oofluit @om@pﬁ@s bettveen camhhente nehiy reemipriseranodctidall (ﬁlwichaxdldnibkucﬁlrasamipé ot e
direction of flow Simlarly, the use of ternms such as "above," "bel ow, " or

ot her |i Keost edrithe tOmp@Rals Mgy Be s@mkétad dirédtlly ab iedls bithpr. bAhWREHTigtadtiof Which
conponent s shoul d be understood to describe a relative
10 allows for fluid communication between components as described below is considered to be
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
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20 rel ationship between the conmponents as the device descrlbed her ei n nay be

oriented in any desired position. Also in the follow ng descri
terms | ow pressure and high pressure are used to describe vari

ption, the
ous portions

of the system It should be understood that these terns are used in a

rel ative seweeooskesyspressure is used to describe the fl ueErsibRloygoand the
portions of the system WO 2006/ 068873 PCT/ US2005/ 044997 7 in fluid
comuni cati-on with the fluid supply. High pressure is used to describe the
fluid which is pressurized by the punpjsor other pressure intensifying

device, and the portions of the system in fluid conmunication

W th punp

out put. Thdldi®esmmugbatiohedthuheluid supsig Bigh)présourk ichisgat@ddstidbie thé fluid vadel | on

of the systemis at a higher pressure relative to the fluid supply. The term

| ow 5 pregpdsurized U5 el paﬂig)yortoqlek pebs ud ﬁtehélgling MevScePHd the poﬁtmg SRhS¥iteM i S

at a | ower pressure than punp out put. The actual absolute

pressure ﬁfﬂl,%&lﬁo,}{ﬂﬁ{g?é@g%{}} ﬁ\ﬂgtaoﬁf)utt Afie %}‘tﬁthiéﬂ aﬂr@ssufer i$ E ad gl toli

definition o W pres Figures erratl cal

or dgauge

ﬁdx&%@that

epl ct

var i ous. Sorst o T e B Y PR PR QR Bl 3?@”“:?%” % e

nodul ar actuator 16 |r§yépperat| uIedtoavaIveatuator

operat i veP§SSEESIUse! ¢

conduit 14. The val ve actuator 15 may be of any type,

15 tha is

|
@dﬁg@éﬁ%}éﬁ%ﬁ@n Gh ey 8igRS Pha qur@wsméhaar Sel |

a nechani cal

e.
val ve actRHERDPUPEL. ik 2ptial absplute er geusa pragsure of die vAEIgYS POIEII%S %ﬁhﬁuswmarls type

of val ve act uat or di scl qsed herei n should not be considered a |
t he pr esemeldvantgatheaiefinition phlsigh whloai presseredepi cted in Figure 2,

imtation of
a plurality

of nodul ar actuators 15 16 are operatively coupled to val ve actuators 15
that, in turn,Figwes dpaidal i sedmyativallpldepictt dlustrative naystefs sitbarplogiggi 40 meidtilad 8,

such as an illustrative Christmas tree. As will be described nore fully
I Nac@idorl 16! i1 Stdodddnve wtiRadbiepectstdTehd Medsendinvasitdaat A depfotedl in tHigure

bel ow,
pr esent

10

15

20

invention is a
1, the modular actuator 16 is operatively coupled 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
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
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



sel f-contai ned actuator that is adapted to actuate a subsea valve 12 or
other simlar type conponent. In the illustrative enbodi nent depicted in
Figure 2, the plurality of nodular 20 actuators 16 are adapted to control a
plurality of valves (not shown) positioned internally wthin the
schemat i cal Wy #equicgd7ed Christmas tree 18. As will be desgiibedodRide,ful ly
bel ow, the nodul ar actuator 16 described herein conprises a self- contalned
power supply, and it may be readily decoupled fromthe valve actuator 15
and renoved to the surface. Inportantlyg in one illustrative enbodi nent, the
WD 2006/ 068873 PCT/ US20051 044997 8 nodul ar actuator 16 described herein

conpri sesmadi@ denatdnt] 8idegeibey Hérdil dofpfives taesgl fidoatainet lhlydlaglic sisteh that willest i n
part, to actuate the subsea valve 12 or other |ike equipment. In accordance

Wi th one jidel UgtiEAt lnvﬁartawﬁ&hatefthet Hﬁsdarﬁ%“iz bINYEEL hl@:nequﬁdn%? 1D GcdIREHEAT
actuators 16 described herein enploy a self-contained hydraulic system a

supply of B QF Ruipaiv ﬁséfl% @H%ﬁ(g&:s d1|ts v %éon 6iHEe ﬁh{ﬁx@&&l?ﬁa&%‘f&& Rg'&es%ﬂbe%

surface vesse rom Ion1s requi reover, the
nodul ar actuator .16 di.scl osed ereln is confi 0 that it sily
Coupl e Z*heaelaeeermm aqeFFomRRG PERNE.S T graeh g w&w&w@?ﬁa&?ﬂﬁ

15, to which it is attached by a variety of technl ques, use of an
ROV ( r emolf@hy2 S[3HPRIatiR R cd &yrfacg vegel oF fram @ lanéﬁaseld e%t?tl‘@védmttore‘ﬂ%@d
surface as necessary for repairs. 10 Figures 3a-3f depict one illustrative
enmbodi menMorgover éhemmddulanr acieaterat @ disglesednherein do cdaitgyaednba that hilempy dsemasily

i nvention. In general, the nodul ar actuator 16 conprises a hydraulic

act uat or amgledrand (nlleccmp}eé fromu shengpbpearegipnent, lrat, the ealacagtigtdr 15 toorviich in is
various conponents of the nodul ar actuator 16, including a self-contained

hydraul i cattidpsd ¥y 8 wetiemof tdshnilfies,Cd £0by OsdbObk RDBaredlotel¥ dperdied Wehitlencd uat or
16 conprises a |linear override tool 16A and 15 housi ngs 16B, 16C, 16D for

housi g vakkOUR., BhERhlchERlo tROSLrNEEALisear§ BMERERL S, 1 ncl uding

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
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hydraulic fluid, associated with the nodul ar actuator 16. Al though the
illustrative enbodi nent depicted herein conprises three separate housings
16B, 16C, 16D, those skilled in the art, with the benefit of the present
di sclosure, will understand that the nodul ar actuator 16 may conprise one

or nore houwongskss7hiouse the various conponents of the g\siEmsRepes | bed 20
herein. Thus, the present invention should not be considered as Iimted to

the illustrative enbodiments depicted herein. In the depicted enbodi nent,
an interface device 17 nmay be provi ded between the nodular actuator 16 and
the val ve actuator 15. Even nore specifically, in the illustrative exanple

depi ct ed h&k,a secoridharignt1&Bf aclea tevel odichior MAYE. Chirepfirsts@argePAols ddaptedty e fi r st
fl ange WO 2006/ 068873 PCUUS20051044997 9 17A, a second flange 17B and a

travel ingupitas el Galvel B@udtbr $8. Thpioal, e intdfael dplied 17 ondycbe crgRbad the t he
val ve actuator 15. Typically, the interface device 17 may be coupled to the
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Thereafter, the nodular actuator e operatively coupled to the

ps i 1E%t%%ﬁgﬁ?@e%eeﬁee%h@@ﬁ%?&leﬁ i %@%E?@wﬁﬁﬁﬁd{e&&% orBee oL B8
f th I h f k f
ehages antescisare g bl s il i Gireliiprd Y g skl s wrnfer epmict °
interface dgw ce 17 may be designed in accordance with the teachings of a

st andar d Baging of e Eé%ﬁnb APRisatiety dicainiestiacs fevigm s e iay prlsad Y eiBh OEghapphand
Systens," |SO FD S 13628-8: 2000(E), E 39-42. In other 10 enbodinents, a
separ at e fomer Fecexanels, ireone7il lngtesdve embesimento thedeterfacerievice d 7 may berdesigrednt an
interface is provided, it may be provided as an integral part of either the
val ve act ilaa@brdmﬁceowith tthe tewbingaof actandbr ertibled ADebign rand eOpgpatininf ofcSybstdhe
nodul ar actuator 16 may conprise a hydraulic fluid reservoir
Production Equipment Systems,” ISO/FDIS 13628-8:2000(E), pp. 39-42. In other
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 16l 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 rotation of the modular actuator 16 relative to the
interface device 17.
Figures 3a-3c¢ 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
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16D, an ROV handl e 16E, an ROV handl e 16F, a shaft 16G and a plurality of
seals 16H The 15 nodul ar 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 16J, e.g., studs or nuts, are provided

to reduce owoRoGYRE73rotation of the nodul ar actuator 1 ' t he
interface device 17. Figures 3a-3c depict the nodul ar ag‘ﬁ@%‘r’é%"g‘“’g it is

being Il owered onto the flange 17B 20 of the interface device 17. An ROV nay
be used to install the nodul ar actuator;gl6. As indicated previously, in one
illustrative enbodinent, the interface device 17 is attached to the valve

act uat or shecificallpaintonefillishativdéhbodimén sineR OFt (redibtdly @pEBfedOfehichE oStth&Eitke
system Any nunber of valves of a particular subsea system nay be provided

w th suc i | &t Lact be
operat ! vero e iy Bt CREREE Y GRiibd AR IRhaR: TOf SR NEOS bl ok
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position e nodul ar act r.16 in i ti,0 ere it . rate, .a
subsea de&ﬁcg’é‘fug JBh Oz@;ﬁ@%q} .gfﬁémﬁ}%ﬂe%ﬁﬁa 1(3}“61%’%&% B ¥d ont o
the flange 17B through use of an RQV that %rasps ROV handl e 16E. Figure 3c
depPct s t%@ar%dépraweég%%aaémosw@ni A b FReessUiof {5 91z¢ed saeh Pk ihe impqdularpdudteicess
161 is sized such that the nodul ar actuator 16 fits securely around the

fl ange 17 fityaesueehit srovnst the flengeddBi ddis angaotpiandsiiicen} oJrmeeneatonreduge rgetionof t he
nmodul ar actuator 16 relative to the interface device 17 and the val ve

act uat or dfBhe Mhédular achmtardduklativeao ttheainerfatGdévicei 1T amd oy vadonsaiatqpdsi tWhen, t he
wei ght of the nodul ar actuator 16, along wth the closeness of fit between

t he recese thiulanutniahe 16liagehotizBhtaltR8itioh Ghé Reighto fithemovel it @fuafb? 168G et or 16
in position. Wth reference to Figure 3E, when the nodul ar actuator 16 is

acti vat edyiiRthedste8dor iR rnfiafile LOGs Whl dndakd BRhe!1780tehfo BRIR 1 mbiSar

interface device 17 thereby insuring
10 actuator 16 in position. With reference to Figure 3E, when the modular actuator 16 is activated

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 an‘d 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 16S 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¢e) of the valve actuator 15 when the shaft 16G moves in the direction of
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that the nodul ar actuator 16 remains in place irrespective of whether the
val ve actuator 15 is positioned horizontally, vertically, or at any other
angl e. Additional operational aspects of the nodular actuator 16 will be
described nore fully below. 15 Illustrative exanples of the associated

el ectrical athobydsasl ic controls that may be enployed yidishésesul ar
actuator 16 are depicted in Figure 3f. As shown therein, the system
conprises an accunul ator 16K, a punp 16L, driven by an el ectric notor 16M a
check valve 16N, pressure sensors 160, ;;16P, 16Q a filter 16R and a
solenoid valve with spring return 16S. In one illustrative enbodi nent, the
sol enoi d halavewlBy. MiYie Pamp 160 ¢oatihyesCb @pedieAthtiv e/ Sressuse 61 pothistdesiol S gure
3f. When the solenoid valve 16S is actuated and noved to its open

posi tion, di@idoHmR 136@-13 @ﬁ%tﬁﬁal%édu‘éﬁ%?Qet&ﬂllhéaqyei‘ﬁ§ %retsglﬁe Qén@&@%ﬁ the
hydraulic fluid supplied to the chamber 16T. I'n turn, this causes the shaft

16Gto no arrow 16U. The
end 16W oﬁ&t%e b@a?%df%@g!esr%gg%gé@ﬁd ﬂd%gﬁg@]%f@tﬁg%e%gﬁbelSA (see Figure
3e) of the val act uat.or .15 wh the, shaft 16G moves in the di.rection of WO
2006/ 068373 POIEFUESOBARSIRSHTE 195 P CIFTAA16E: TR PURBELLRONRT HHBs. ¢ o
operate until the pressure gQn bqoth sides of the solenoid valve 16S.is
subst ant i #lenpidevplie 16Satums (dysioris SPEYE Tehun)dp 4s slosed Resiawy & depivtedp Bigug

that point, the shaft 16Gis fully extended and the punp 16L may be stopped
When the 3blWitbihe selenoid vebs 1i6§ inighecohesed posiidnn, thedigh prassure lidesulje glaid in the
situation, the 5 solenoid valve 16S returns (due to its spring return) to
its cl oseclhap(bsi t6Toms, freasto detyandd da acourfilgtor £6K,3hd tha/shhfttlbe is fbenaralelalthe 16S
in the closed position, the high pressure hydraulic fluid in the chanber
16T is frﬁ@tih@l%u@éwlas irdidafe@ byaBe BRORTIEY, diiKit rBavhed hie fidlaktraclédhdshiohl ¢ t o

travel to the eft in Figure 3f, as indicated by the arrow 16 until it
reaches i ged Yhdnad 8ishAR %ﬂr AR b1 d tORER the WhBR SRS hlG feRh&Ed MY
be supplledcto urgetE é f thoupp?Sfuu%retracte g’ ©

10 position. Such a force may be supplied by, for example, a return spring on a subsea safety

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 3¢), 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 indicapor 17C is secured to the shaft 15A by a bolt 17D (see Figure 3e). 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
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10 position. Such a force may be supplied by, for exanple, a return spring
on a subsea safety valve. A portion of the shaft 16Gw | remain positioned
within the bore of the interface device 17 even when the sol enoid valve 16S
isinits closed position (as shown in Figure 3f). In one enbodinent, to
fully retraeto fobgnesraft 16G frominside the bore of the p@lt,ggzﬁ,@sg@“gew ce 17,
an ROV is enployed to grasp and pull on the handl e 16F (see Figure 3e).

Once the shaft 166 has 15 been conpl ete di sengaged fromthe bore of the
interface device 17, the nodul ar actuatg@r 16 nmay be renoved by use of an
ROV that grasps the handle 16E. An ROV nmay be used to open or close a

needl e vabystiod OF vASAR cbnBoients36t) the ‘éyﬁenlﬂaébdhl@edhﬁﬁ%lﬁﬁﬁgr Var@ BéRndigg upb® theent

the system if the need arises. A travel indicator may be used to

determn Nnav [ le
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free to t i i n
the. vari Sou bkt IRehE (e REbl s, [ G, td oBuRriehl ralt%.%%ﬁé%%b% ment
of the nodul.ar actuator. 16 disclosed herein, As shovvn in, Fi

var oty one iR PRt SR SRENo R RSOt R B e 7 @ﬁé?%ﬁ y

i ndi_cated by the nunber 20, .associated with the nodul ar act uator he
exaét nuntidle 3+ a peniel/vens selgppid alve) 2omEryedand awenwlugﬁmépofm@mhm@

| ocation of various conponents of the system described herein may vary
dependi ndhdprokc flew liprardSi 864 4% aad AP iaccapossionedwibiuthsehousing 2o dlicamoddemiat or
16 will ultinmately b e operatively coupled to an illustrative valve

act uat or dthatolr rl 6gfartheradomptibes arilluktaativa clagticelr cohfiectnd6 theSis ddapted e mate
illustrative enbodinment, a fluid reservoir-accunul ator 44, a pressure

i nt ensi fiith 4cheMmatddBe eficté@bébriddl.ling 3gontrol /vent sol enoi d val ve 40, a
battery 54 and a control system50. A plurality of hydraulic flowli nes 45

36, 48 and 42 weepra%eetlﬁt%%wJahanada@uw@éﬁdtw@ﬂ urwem @E’lcgﬁlpn?&it
further conprises an illustrative electrical conne t| on that 'S pt ed

togate variety of devices. The pressure intensifier 47 may be any device or system that employs
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-9c). 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
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with a schematically depicted electrical line 37. The pressure intensifier
47 schematically depicted in Figure 4 nmay be conprised of a 10 variety of
devi ces, The pressure intensifier 47 may be any device or systemthat

enpl oys electrical power to increase the pressure in a fluid. For exanple,
i n one enbogpnrwusloessthe pressure intensifier 47 may be adraisasngopesp driven
by a schematically depicted electric notor 31 shown in Figure 4. |In another
illustrative enbodiment, the pressure intensifier 47 may also be a

reci procating punp driven by an electrig notor (see, e.g., Figures 9a-9c).
In the 15 illustrative enbodi nent depicted in Figure 4, the systemwthin

t he nodul 2 amtit isathe prithéryi ®urcaddpowedr footherebeeirtbal corpogbntp v geunedular driaatbi ¢
fluid to a conponent, such as the illustrative subsea valve 12, to

acconpl i she,telpe, tHesiotoe d 1 pile ROGIE] s@st@m 35] the BEIvIRI@ cyrdtoV@erft valealOf et SThpQ®i ti on
to a second position. Electrical power for the electrical conmponents within
the housi {pg &delﬁﬁierﬁ Sthe rxﬁ’d’dlﬂ’& dMiato? 4 6 alsohaB8 G §é110&3nta|1deﬂ%lééﬂﬁéal P¥ieNstrde0 a
surface source of electrical power or it nay be provided by one or nore

bat t er | es 1 glcf) &1 RORIdhONREJITLE. 65&@@%&%{;&%@%@” ANELIS6le hakated

proxinmate tot act uat or reove upon t
cation the batteries my be the primary source of

par td cul alm §g%c1,1n s€ ligatjo
el ectricaf B fSBEF 8ty g?é@f‘rl cal conponents w t hi n the housing 20. In
one illustratiye enbodl e battery 54 (s ure i is positioned in

e
the housing WO S BES P A B0 AR By S aRtAl ?ogltlpwsﬁw%r y
source of power for the el ectrical conponents of the nodul ar actuator 16,
e.g., thechnsgeoihatlis appligd te Giehatierysifs Adtpinatively, ke emsitiehsisme dhmeaybeeamployedl ve
40, etc. Thus, in this enbodi nent, the nodul ar actuator 16 al so has a
sel f - cont &i menitezlthscsored eharpoinethe b@tltﬂrycé4 andTwherb#tréashgs dekriaor mgrimupsalloived eof )
may be any of a variety of commercially available batteries 5 enployed in
subsea apleveic éel usry 54 may be recharged by temporarily coupling it to a full power electrical
10 line. In other embodiments, electrical power to the electrical components with the housing 20
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.
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Recharging the battery 54 may be acconplished by a substantially continuous
trickle charge that is applied to the battery 54. Alternatively, the
control system 35 may be enployed to nonitor the stored charge in the
battery 54 and when it reaches a certain mninmumallowed |evel, the battery

54 may be reohasdarssPy tenporarily coupling it to a fullp®Roush %Ig,;rlcal 10
line. In other enbodinents, electrical power to the electrlcal conponent s

with the housing 20 may be provide by a traditional electrical power |ine
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 nodul ar acfigatos depfets LVOehndig iMRiatiad cafbolidedl offBYe RBodlgGOMBIRA {6 OM
t he subsea valve 12 or equipnent 18 and 15 taken to the surface. As

descri bedd&'aﬁwd()h@ém REIFY t9rthéi'em5dlﬂ%et anagaﬂm rk O, GRCA Rlholiidnt

nodul ar act uat or fromthe subsea valv or equi pnent 18 and transport

't Lo thegesuef ﬂmgur;ﬂse Jla)d%h% e BbG: SORLRL SY3hEPLRR SPRAELLG Dt g, the

nodul ar acC i ous con rons” exi st ng W t hi
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system 35 nmay take a varlety of sha es and forns. In one |IIustrat|ve

embadi nent’ 0¥H hydisplie cylindgs £2 maad)ecceﬁﬁﬁql i anya0ol wglehhRbArdcesoys ca geiree or
a mcroprocessor and a nenory device for storing a variety of data and/or
pr ogr ans. vz, 200 &10688P IpRCT ¢ISRG08Y Dvd®97 14 Figure 5 depicts yet another
illustrative enbodi nent of the nodul ar actuator 16 described herein.

Rel ative to thRigewisdeiamment deteiddodepidtiomoffdognercs tie varioud dvansombnd ofrthatmoddipi ct ed
in Figure 5, a hydraulic actuator 28 (having a shaft or stem 21 and an end

i nterfaceactdatdr 1ot LeEidahdechidelest illistialfe sMBYHIMENtRE tHedir&dend Bivertion! FoSease

illustrative enbodi ment the interface

of reference many of 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
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5 27 of the hydraulic cylinder 28 nmay be coupled to any of a variety of
devices, e.g., a subsea valve, and actuated to open or close such a val ve.
Figure 6 is a nore detailed depiction of some of the various conponents of

t he nodul ar actuator 16 in accordance with one illustrative enbodi nent of
the presentwio@iesds. For ease of reference many of thgCOBRNSG shown
in Figures 1-5 will be shown in Figures 6-8 with a 10 corrﬁspoﬁ@i ‘2’3%" 1"

prefi x. As shown therein, an actuator 128 has a cylindrical housing 112. A
piston 114 is axially novable in the housing, between first and second
positions, A stem 121 is attached to the piston 114 and extends outside the

housi ng 1#13id W 141 Ushrcdtsl the debHdOchaRiber 1 SGHEL a JAdable W I@We dREU t&@Ervoir-
operatively coupling the actuator 129 to a subsea valve (not shown in

Figure 6) ﬁl_czchﬂiﬁfb? 14h! yg togﬁqlﬁdéﬂﬁtmogﬁq%t, f%@ﬁuiQQELé@I:lﬂﬁulgrt%g 1hp asp%‘ralﬁib%g Wi th

a handl e 5 that enabl es the actuator 9 to be transporte nount ed

with an ROV. A linear overrid tool 1 al so be used for nmapual
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Figure 6 may be enpl oyed with a podul ar, actyator. 16 || ke the ope. .

schemat i c&/SP PRI RIGY 6 for ﬁliﬁ“’eH‘g!.g Copacithys e wel] Ko n i G fzﬁméélﬁs? ¢txd in
Figure 6 may also be enployed with a nodul ar actuator 16 |i ke the one
schemat i cepinpetgithgiasewsaulpter #Xébwrtb tig intake gjde pbamillupieative diesswe intorsifies, e.g., a
positioned within the housing 20 of the nodular actuator 16. O course, in
t hat casepumpédZach gaibdiuid #oe witl aoupling 193 oan bicidcarporiated istophe Avid IROUHand| e
124 or the linear override tool 120. The piston 114 includes seals 111 to
seal the ph#leofluid 1¢ bageplasishet ad ¢aflll thdekxcuntligior pidst anfldid4indellt esnekisrtaé 113
and second 115 (see Figure 7) chanbers in the housing 112. A WD 2006/ 068873

PCT/ US2005Q 4hatbér 1 P with WhdpredsiR st rpRmBARYTS AldR-BACINE ShABLSTallB4Ms th a

vari a_bI e volune fl ui d reservoir- accunul ajtor 144. I n one illustrative
embodi ment, . he i And REGESWHE BRI H8% dnfy BlvaTRhEMer 113,
10 An additional 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 unit 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.
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sea pressure. The variable volume accunul ator 144 evens out pressure surges
inthe return systemand also provides for spare fluid capacity, as is well
known in the art. Afluid line 145 5 connects the accunul ator 144 with the

intake side of an illustrative pressure intensifier, e.g., a punp 147. A
stub fluid Wowogmssdrsa coupling 143 can be |ncorporated idline
145, to enable fluid to be replenished and refill the a%:églfjesﬁ%&?)dgb 44. A

fluid line 136 connects the first chanber 113 with the pressure side of
punp 147. A one-way valve or check valvg 134 is installed in fluid line
136, allowing fluid to flow only towards chanber 113. 10 An additional fluid

line 148 int eﬁﬁ%ﬂ@ﬁﬁkﬁaﬁ\ie%rﬂaddhﬂ&ﬁ thé oA 31 3 bh[?;hfe'séJD@J hbfoe M43, 16&% eis

mounted a control -vent sol enoid val ve 140, the val ve 140 bei ng nmovab

bet fdl I
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chamber 115. A s pring 139 is arranged, to bias, the valve 140 towards its open
posi ti on. el | sRRPbIIG % TAgyrepete Srain; B[l isignes: saly & smabable peultaby e 140
to its closed position, against the biasing force of the spring 139. The
punmp 147 nesdagpler eharas 1159 batteryt 166 14tempivelys prmamynelc et egd arosten msy sSeensyppied1 27
and 133 are nounted in fluid Iines 136 and 145, respectively. Afilter unit
146 may bgom astmabtedacatinn a2dthk|baitety |15hafl hreSenh enayeraeretyheryuaym raditidnel ekl t he
fluid supply 144. The various parts of the unit are in comrunication with a

contr ol Whﬁe%@%@@@bys@@&&l&&@alﬁ&&r 130 and 132, The control nodul e
150 is in comunication with a renote station (not shomn) via a cable 152,

IR bk o T R
brushl essv% 1t ﬁradaﬁ%g P bé %p&-gt%d by the actuator 129. The valve 212 comprises a valve

10 element 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 131 is
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
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illustrative enbodi nent, the control nodule 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

|l ocation. In this instance, only a small cable would be 5 needed to charge

the batter ywb>osotsshgr natively, primary el ectrical power lied
o

froma renote | ocation and the battery 154, if present, erve as
a traditional back- up source for an energency supply of electrical power.
Figure 7 depicts the present inventionn a fail safe node. As shown
therein, a subsea valve 212 is adapted to be operated by the actuator 129.

The val valgd Bn€ 03/ rahé @ @nital Meduld Q5@ LaIBowerZ82he BIoRRCIBE Aviied tie MRl ft em
204, the valve stem 204 extending into and through a spring housing 206. A

spring 2QBciis6 ﬁs%?ﬁ&éht 'td“drN&%héPJlbé‘&eﬂQU@b%%s?@m@ gomﬁof’tﬁb YRyl 08 ehe- wagas a
spring actuating flange 210 rigidly attached theret The val ve stem

t erm nat t has
at 1ts endvs a8 plBBna el 3h SRS RGBS Sl ool BRh bRt B0 385 (57
operably connected to th |st 121. 15 In Figure 7, the valve elenent
202 s dEBETEdnT NG FVETEBEH 40048 hrigih torepdpeitipe 1t giavife (Y e vDes

its open position, the solenoid 138 is energized to nove the two-way valve
1405t 0 t RE240 Bserenmesition.dhe wEBaR0 is qnn@tpﬁ%ed‘gihera@aqrﬁ@tngtarbéa%rétvﬁefome ip fhe
spring 129. This closes the fluid path between chanbers 113 and 115 of the
act uat or sprsg 208that wiligendsb arove e Vadve ebqreent2@totits cthsed/positiom. punp 147, t hus
transferring fluid fromthe | ow pressure portion of the 20 system

(conpri si ng t hEheaeic bevdmek asdessaryltbl@a thetvial/e 200 LettheaélectiviK4)r it an emergbnayst
chanber 113 of the actuator 129. The high pressure fluid in chanber 113

di spl acessittidionPpSt@no l}i'e“sole(aoidt B8 i§ SmANE, tAsingNEeo-Rap ValvON40 Bhawhe foltsFi gur e
8. Consequently, this will nove the val ve stém 204, causi ng the val ve

Censor. 137 BRRBP YR RO, P OB B Ry SRRl BRI B U afbpe 9o ©

10 This opens the fluid communication path between first 113 and second 115 chambers, and
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
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17 fluid 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 stein 206
agai nst the power of the spring 208. One-way valve 134 and two-way-val ve
140 prevent high pressure fluid fromexiting chanber 113, thus ensuring
that the vayweorlgsent 202 is held in its open position.pdiydiRéef8.f he val ve
elenment 5 202 to its open p05|t|on t he sprlng 208 is conpresseg %ere
creating a bias return force in the spring 208 that will tend to nove the
val ve el enent 202 to its closed positiop Wen it becones necessary to cl ose
the valve 202, either electively or in an energency situation, power to the
sol enoi d hEStHeschambér ORfof thadctumgr 118 thusairivng thalsietn 120td ios exvmiet @osition open
position shown in Figure 8 as a result of the biasing force provided by the

spring 13QhichQpdiithe (iPRNSerhd}ft 2bb Ui d communi cation path between first 113 and
second 115 chanbers and blocks or shuts off flow fromthe punp 147 to the

first chamber 333 ;S 065 MEREFISULE RO So L UHALIREAMoPACH Sieifng! the

pi ston 114, the spri ng orce pi st dn stem war ds

toits first..(retract he valve . 202 w | se as fluidis
Fanst ory S8 G Ao bR BRI P S SR il RS R4 o
sim]/lar many respects to_the syst aof Figure ver, n Figure 8, a
F1ow [ ne s Oreyalng SoHEhe AR pRatB e A C@fnnetwécaaele @aﬁf petwozs hasadl 204 r st
port of a three-way sol enoid valve 160. A second port of valve 160 is
connect edsacond |l bdchamhersi 384 blaglt dlewi ko the pymp do lkre Brse ghanaber Hd 3 o limgtthef

punp 147. A third port of valve 160 is connected to flowline 168, which is
in turn corsect edv iedublined| dnneacl 4ide offthe prsidry €141 68 spsinpi288 evd 11 tfomea titkspisto? 0
first, or venting position (not shown) by a spring 161. A solenoid 162 is
sel ecti vel V4 efesteRl 2 1thckwirde to/ ab Yigst §8Radiéd) PoSiEieREhdrRs valve 202 aH1lSeevas i n
Figure 8. In the second position, the valve 160 allows fluid comrunication
bet ween thﬁmth@w&d%ﬁuPH&Bﬂ%FYI?ﬁQmEﬂﬁn&ﬁﬁ§3 chamber 113. In this position
flow line 168 is blocked. H gh pressure fluid fromthe punp 147 is

i nt{poduced

The solenoid valve 160 is pressure-balanced, 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 with 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
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WO 2006/ 068873 PCT/ US2005/ 044997 18 into the chanber 113 of the actuator
128, thus driving the stem 121 to its extended position which opens the
val ve el ement 202, Wen it becones necessary to close the valve 202, either
el ectively or in an energency situation, power to the sol enoid 162 is shut

of f, causi ngothiRkés7ge- Wway val ve 160 to nove to its ﬂé‘?‘??“‘%’“ﬁ%/f’gml ng

position. This opens the fluid comunication path betvve and
second 115 chanbers, and bl ocks flow fromthe punp to the first chanber 113.
Since the pressure nowis equalized ongeach side of the piston 114, the
spring 208 wll force the piston 114 and stem 121 backwards to its first

(retracted) &fﬁ%héd QRkhirP B B&?su?'it(y &4@e Iﬁbddlar%&%ra% ffaH Qodvém&r{c@nﬁfeer red
t o chamber 115 from chanber 10 The sol enoid valve 160 is

pressure- @ﬁét?aﬂ%?g?%@z ‘se)‘lyééfrk tsﬁg.méi lbr i Xié%dggt%egggd ih %Fgﬁés%r% Phe tht%so

required birasin and t hus

d hal f f I 62 b di
The. modul At i%[‘%aesa%rc‘%é «ieeéh?%wﬁéa ﬁagbﬂa TR OB ORI TBVRE ver y
smal | and conpact . IS releasablg connected to the valve 212 maki ng it
easy to riéps dyuingthe @flmd@rv@toth@n epd] and B e fhve ghateleers 3Heand 38t ate i ¢

portion of the systemis entirely self-contained within the housing 20 of

t he Snodul iatereponestadathrobgh aThypsss lime 381 the floiw Hyelighuhé bypasnbeingcentralled dszary -
control signals and power are transmtted through a sinple and i nexpensive
el ect ri cabypasstoatrdivabageoent . The nodul ar nature of the actuator 16 al so
makes it possible to exchange the actuator 16 with other types of

actuators, sudf tBé edmmhry-@hRainidne tIRCAMBEAT thatl fhoVed p2loRBSD PSRkttt £h
retrofit the actuator 16 onto a val ve whi ch was previ ously manual |y

oper at ed. cie o Sk ltiPh Rarbb? HETaRERNiGH! 1Y IRCLUALRSY hBBIRRRU Yeck: Of

t he present 1 nvention requires very Frttl e power ve I n

posi tion. motor 385 is operatively connected to a shaft 386 by a suitable gearbox 375, such that

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.



|

Anot her exenpl ary enbodi nent of a nodul ar actuator 16 in accordance with the
present invention is shown schematically in Figures 9a-9c. A hydraulic power
unit (HPU) 380 WD 2006/ 068873 PCT/ US20115/ 044997 19 is positioned within

t he housing 20 of the nodul ar actuator 16. For conveni ence, the

i1 lustrati vooasidsgdrs System 50 and battery 54 are not d gures
9a-9c. The unit 380 includes a master cylinder 381 w tﬁ[‘l’g%é?g({sgﬁw‘/

reci procally novable axially in the cylinder, thus d|V|d|ng t he cylinder
into two chanbers 383 and 384. The two ghanbers 383 and 384 are 5
i nterconnected through a bypass line 391, the flow through the bypass being

controll ed by &n aktyiRa$EorC40l, teitaidiak \besupPl- of lHydialEc EXRIYY adnve@edeMthe®Nid t he
actuat or that noves piston 382 may consi st of an electric notor with a

gear box afngt g7aRsMe 105 a b ttbgﬁvée%?g ﬁg&h@&ﬂcoﬁm%lm% 1an?@h@él\%§lt\/5 KG9, 1R Or

385 is operatively conhecte by a suitable gearbox 375, such

that 10 OQﬁ%ur%hf 486 @?&Wl%{s a3l§.1§fe & t@ég(:% rpﬁé%w%%&é%ﬁke?ﬁ i er%ﬂxe?ftheR'tﬁ% on

382. Exa gear |nat| on'iInclude a
Model 050 sold Ger.man c any Wttenstein. The notor may
al ter nat ."3§$§J ?;{‘aYPﬂeé’aqndg%/réoérpe‘loé’ef?ﬁ‘f’%f’ondﬁ)t?nﬁhe well tubing there is
nmounted a controll abl e downhol e safety val ve 346, known in the art as _an
SCSSV ( Sur f aceh GBesHIS| balencet isempensater §29\5 o yeonaacied) to assesandyiaiet PRRoIYY Ph t he
15 art, the SCSSV includes a hydraulic cylinder including a "slave" chanber
393. To acpesatios ohizolSEHBRV3 8% hiantyer40893Ai fnig livs 408 icemrbctspecstmensgtaa 405 swittn 394
agai nst the biasing force of a spring 395 to open the valve 346. A fluid

line 387 tkantben B84 b€ dnd3ek gtindet 1381.5| AVRuiG hiaebp 3dectd tompaRatouldLwvithost 398
of an operation control valve 388 positioned within the housing 20. A first

inl et porhy@AficUoupR® 3l OMieRLpIHg YAl ¥BowdS BydrulcOomnacihesk §®pf1éd1fr@m| hine
389, mhlch is connected 20 to cy |nder chanber 383. This arrangenent

controls LhenhlBWcOtnok biiveh)'sh B BT L bE¥ddel Aethe REdrautic system.

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 SCSSYV 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 whenh 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 9¢c. In the second position,



to the SCSSV actuator 374. A check valve 399 is nmounted in |ine 389, between
the operation control valve 388 and the chanber 383. The check val ve 399
allows fluid to flow from chanber 383 to chanber 393, but not the reverse.
WD 2006/ 068873 PCT/ US2005/ 044997 20 An accumul ator 400, containing a supply

of hydraul i wofbesldss7s S connected to the fluid |ine 387 yi i , at a
poi nt between operation control valve 388 and check val vﬁledlg‘é%b&%ég%

accurrul ator 400 provides a buffer for the high pressure hydraulic fluid, and
ensures that the SCSSV will stay open ynder normal operating conditions, 5
A pressure bal anced conpensator 405 is connected to a second inlet port 397

of oper &yp@8 atbl Ohlvy HIUERBEE flhid tbi NGy ARGughAtiid Yighsk ilme HEBBeeqOhBeloS
conpensator 405 with chanber 384 of master cylinder 381. Afluid Iine 409

connects GaRRGHSA4 %d %@5 owtﬁémastehmmeﬂ | eheOURLE MHotdd %85 e QU higind11
allows hydraulic fluid to be suppli'ed froman external source (not shown)

s0 that Ty ieamche addad behe diud Hélbﬁ)e@fﬁlgggo&{%?rﬁefe”' ng to Figure

9a, when t not or I's e ergl zZe ston nove downward in

h lj_nd Thi fluid th |
367 1o the SIREK ﬁ%&mﬁ%& B T R oRe ree e ctsatbiedy 4000 e, e

operatlon control valve 388 in a first or n position, On_the downstroke,
t he3 chantREra8em CRRIon KA e S8Ry pifary 9<@1be|S§1fte<#§>rlﬁ seeend pasiion SRS s anater 3805
Check val ve 399 and accunul ator 400 cooperate to maintain 15 the pressure in
the |ine i3gMrgiredtol dsivelthe pision P Idowawerdtihmagessiinda %8 . op pressuresanser 4ig t o
Figure 9b, to close the SCSSV val ve, the operation control valve 388 is
shifted tia lint 405 eaicksolie ksedn tisosictinolator #00, tnkirgeit eogithoi dopothe nopear at i on
control valve 388 allows fluid to fl ow back up through line 387, through

| i ne 406 ﬁndﬂﬁgq&nka@@wggggeagae@r 405. In other words, the slave chanber
393 of the downhole actuator is vented through operation control valve 388
to the From time to time it may become necessary to replenish the hydraulic fluid in the
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 9c¢), 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.
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20 | ow pressure system The pressure differential across piston 382 wl|
normally force the piston back to its upper starting position when the
notor is de-energized. However, under certain conditions it maybe necessary
to reset the piston 382 to the upper position. To do this, bypass control

val ve 390 w9 %ébdsesesl t0 a second, or open position, as ﬁ@g 1 Lgure 9c.
In the second position, WO 2006/ 068873 PCT/ US2005/ 04499 @ﬁg@s@éls:dggcont r ol

valve 390 allows fluid to fl ow through the bypass |ine between the two
chanbers 383 and 384 of the master cylifder. The electric notor 385 may then
be run in reverse in order to nove the piston 12 back to the upper starting

posi tion. Ref eBy utilizihg thel exein@ladp embbdimenttofithe g@dulac dethifior B ivgeint Figures
accurrul ator 400, the 5 operation control valve 388 may or may not be

shifted to,od s SRAAATHRRBITAIRNadMed RRIEBE Qhfe8Bvalvd SantRals8d #afle tBmeHating t he
pi ston 382 downward in master cylinder 381. A'pressure sensor 413 in Tine

401 nonit gr S ' - A6C 0 [ ' ' st op
the mot or T3t Sr ERRRSH Fus Ryb AR ERRU SR Rl 0Pour B Sihdehy BRRR Sp )
become necessary to repl.en.sh the rauljc flujd in the 10. syste 0
Cepl ace T TATS Y E SR THBAIQaRL A bR el FlrSs oBoh BRvat rievedp e
external source__ (nqt shown) of hydraulic¢ fluid may be coupled to the
hydraul i cSY8kapl Ehe ¥alye wit} iheepfare slsorqhese i fheevantl Ofsao%bfdé@hﬁ isy§tem ifpidgire.o b amsat or
405 and first chanmber 384 of master cylinder 381. By shifting the bypass
control venggesyche $GSBY empetrigidyibeictnsed by ghiftingoeperatidn dodtralyalag 888 1o gov i nt o
second chanber 383. Bypass control valve 390 may then be noved to the cl osed
posi tion dsofdpayition, Sby yending theilsglopre$BR: firay frbm [me\d38d. downwar ds t o rechar ge
the accunul ator 400, as previously described. The exenplary enbodi nent of
the invention BiwWreskmt mventionsisOdirdded A6 !detuRr cBlator for subsea valves and
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
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



pressure section, including accurmul ator 400, which is maintained at a
pressure which is suffi- cient to operate the SCSSV. This enbodi nent al so

i ncludes a | ow pressure section, including 20 conpensator 405, which is
mai nt ai ned at a second pressure which is less than the pressure required to
oper at e t hay§eHovsssine conpensator 405 may be partly fi IlJ %s%o%)&ﬁ& i nert
gas such as nitrogen, which conpensates for pressure differénces due to
operation of the SCSSV, and which also prines the systemfor use at various
wat er depths. WO 2006/ 068873 PCT/ US20054044997 22 By utilizing the

exenpl ary enbodi rent of the nodul ar actuator 16 shown in Figures 9a-9c, a

st andar d,co &rszktéﬂ'x podilioneAGkiuah et A QaRIAE BosaeloycodRIRIIGET 078 Higestesstie! €
elimnating the need for a high-pressure hydraulic fluid supply fromthe

surface. : Il f.ai4l re so
hat 1 he (o uae Uid BREL Sy AL S col PR REUE, o' iy B0 F BB
valve will therefore also close | . eyen f . a hydraulic,systemfaklure.
o an " ernereRar RiE-Eellef oaiaht ko beCk B ey iR SRR ok
control valve 388 to jts .second position, thus nti.ng the high-pressure

EP Uit r Shemsd st ofeiteuiRl BRer B TR PuChl SR Povar o PSR uat or
for subsea val ves and equi pnent, and various nethods of using sane. In one
i |l ustratatpatodnbodi nent, the actuator conprises a hydraulic actuator, at

| east one housing and a self-contained hydraulic supply system positioned
wi t hin the at Theasticdaeethbedimagfs displosedabber ark illussttnatdnlg asnitroidivergion mayhe
actuator conprises a hydraulic actuator, at |east one housing and a

pl ural i t yheahodifted@ideith@icP® i Hifferme bt dqbivalehh@adierd HpatenonethbRUKiIRG in te
conponents conprising a self-contained hydraulic supply systemand a control

system t ot R @ bkt YEIHE 1©dchgh haBinP RS SKARpIBYHE et G ddpdiset BRRANGRD by
the self-contained hydraulic supply system
may be performed in a different order. Furthermore, no limitations are intended to the details
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.
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In yet another illustrative enbodi ment, the actuator conprises a hydraulic
actuator, at |east one housing and 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 |east one
fluid reservoir and a control/vent valve. In a further illustrative

enbodi nent, the actuator conprises a hydraulic actuator, at |east one
housi ng and a sel f-contai ned hydraulic supply system positioned within the
at |east one housing, the self-conicgigyMshydraulic supply system conprising
a punp driven by an electrical notor, at |east one fluid reservoir and a
controlvent valve. The actuator further conprises a WO 2006/ 068873
PCTYUS20051044997 23 control system positioned within the at |east one
housi n tr ol livery of a high pressure hydraulic fluid produced by
t he seﬁ?éﬁﬁﬁigfﬁéﬁﬂﬁﬁﬁ¥aulic supply system and a sel f-contained source of

el ectrical power positioned within the at |east one housing, wherein the

sel f- contailned sounedilaf aethator radepted powes reélsastabhly poupted yo spsnbseaodevice,

el ectrical power for the nodular actuator. The particul ar enbodi nents
disclo&gdqﬁ@p%e are illustrative only, as the invention may be nodified and
practiced in different but equival ent manners apparent to those skilled in
the art hayj it of the teachings herein. For exanple, the
process steﬁgﬂgg%ﬁﬁggﬁﬁﬁgbove may be perforned in a different order.

Furt her nore, TO | i mtations are intended to the details 5 of construction or
desi gn her eidh [<@HRNS hoysiRgrandhan as described in the clains below It is
there- fore evident that the particul ar enbodi mnents di scl osed above may be
al tered or reosgifrdopthizadchydsdulic supply systérapositisned withiorsgidde teagt amiethiousinghe scope
and spirit of the invention. Accordingly, the protection sought herein is
as set forth in the clains below 24

2. 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.

3. The modular actuator of claim 2, wherein said self-contained source of electrical

power comprises at least one battery.

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

system comprises a pressure intensifier.



CLAIMS WHAT IS CLAIMED: 1. A nodul ar actuator adapted to be rel easably
coupled to a subsea device, conprising: a hydraulic actuator; at |east one
housi ng; and a sel f-contained hydraulic supply system positioned within said
at | east one housing. 2. The nodul ar actuator of claim11, further conprising
a self-contained source of electrical power positioned within said at |east
one housing, wherein said self-contaimsd source of electrical power is the
primary source of electrical power for said nodular actuator. 3. The nodul ar
actuat or of &l ai ik, mudhdarciomasa of dahf 1 cwhérainneail sedfscaeainéd aiydranlié¢ eatem power
conprises at |least one battery. 4. The nodul ar actuator of claim2, further
conpr i SidBiofed Athin®ai SYRERBBADYEEGnp Witdh 8y sd1ectAtallne@st one housing to
control delivery of a high pressure hydraulic fluid produced by said

sel f-contai ned hydraulic supply system 5. The nodul ar actuator of claim1,
wherein said self-contained hydraulic supply system conprises a pressure
intensifier._ 25 6. The nodul ar actuator of claiml, wherein said

sel f- cont ai ned hykheanpdwatsgeivaion ofodaim bnwhergin sichsdlbrentpived hrdraslmprsteases a
punp driven by an electrical notor. 7. The nodul ar actuator of claim1,

wher ei rcongirdesa|léastanrt fuid echetwodramd|a contrykteanvaleenpri ses at | east one fluid
reservoir and a control/vent valve. 8. The nodul ar actuator of claim1,
wherein said nodul ar actuator further conprises nmeans for rel easably
coupling said nodul ar actuator to said subsea devi ce.

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

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

9. The modular actuator of claim 4, wherein said self-contained hydraulic supply

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

10.  The modular actuator of claim 8§, wherein said modular actuator is adapted to be

releasably coupled to said subsea device by an ROV.

1. 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;



9. The nodul ar actuator of claim4, wherein said self-contained hydraulic
supply systemis adapted to supply a pressurized fluid enployed in
actuating a subsea valve. 10. The nodul ar actuator of claim8, wherein said
nodul ar actuator is adapted to be releasably coupled to said subsea device
by an ROV. 11. A nodul ar actuator adapted to be rel easably coupled to a
subsea device, conprising: a hydraulis actuator; at |east one housing; a
sel f-contai ned hydraulic supply system positioned within said at |east one
housi ng, saiddn&6l Jyseanpaitvpdd NiRHd & 1844PBhYhS BB CERMIBIIdesiv B of @ LD
driven by an electrical notor; at l|least one fluid reservoir; and a

control /vent val e Lr if440 W) i.dat t one
housing to contr:ﬁesaé?i?/ rri‘i/19 (E)Lf f@%%@‘%%s ursé‘dhgﬁgéﬁt%@k%hf}@hﬂ‘ ;gl?oﬂ'h)?gg by
said self-contained hydraulic supply system a self-contained source of

el ectrical power Sﬁﬁ%‘?‘ti oned within said at | east one housing, wherein said
sel f-contai ned source of electrical power is the primary source of

el ectrical posHrcohtainesdaiodragud elestricat powenpositinmgd vethis sdidrat feabteensaisiuging,
coupling said nodul ar actuator to said subsea device. 12. The nodul ar
actuator of cl ai nwhkteinwhidrifrcontiinkds@liceadrelairmed pbywer Buhe §riglappkyurcsyt em
is adapted to supply a pressurized fluid enployed in actuating a subsea

val ve. electrical power for said modular actuator; and

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

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

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



