Electrically Operated Actuation Tool for Subsea Completion System
Components Background of the invention The present invention is
directed to an actuation tool for subsea completion system components.
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' Numerous subsea completion system components include mechanisms
20 which are actuated by hydraulic pressure that is supplied from the surface rig
over an umbilical.. One such component is a tubing hanger running tool
("THRT"), which is used to install the tubing hanger in the welthead housing or
the christmas tree. Prior art THRT's commonly include a cylindrical body and first
and second generally tubular locking pistons which are slidably supported on the
25-  body. The first locking piston is adapted to engage a first locking device to
secure the THRT to the tubing hanger, and the second locking piston is adapted
io engage a second locking device to secure the tubing hanger to the wellhead
housing or the christmas tree.
During installation of the tubing hanger, a running string is connected to
30  thetop of the THRT, the first locking piston is actuated to secure the THRT to the
top of the tubing hanger, and the assembly is lowered to the subsea wellhead
through the riser pipe and the BOP. Once the tubing hanger is landed, the
second locking piston is actuated o secure the fubing hanger to the welthead

housing or the christmas tree and, when appropriate, the first locking piston is
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top of the tubing hanger, and the assembly is lowered to the subsea
wellhead through the riser pipe and the BOP. Once the tubing hanger is
landed, the second locking piston is actuated to secure the tubing hanger
to the wellhead housing or the christmas tree and, when appropriate, the
first locking piston is 1 again actuated to release the THRT from the tubing
hanger so that the THRT can_Dbe retrieved to the surface rig. The first and
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mounted BOP. However, this requires that the umbilical be cut to an exact length
to properly span the distance between the spanner joint and the subsea wellhead
or christmas tree, and the use of such custom-length umbilicals for each subsea
completion system is undesirable. Another solution is to employ composite riser
pipe joints which incorporate hydraulic conduits for the THRT. However, these
composite joints are time consuming to install and their hydraulic conduits are
difficult o fill and flush.

Summary of the Invention
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2 In accordance with a first aspect of the present invention, there is
provided an actuation tool for a subsea completion system component
which comprises at 5 least one hydraulically actuatable mechanism, a
piston chamber which is disposed adjacent the mechanism and a fluid
conduit which conveys hydraulic fluid to the piston chamber, the actuation
tool comprising: a body which is releasably connectable to the

: | ' hich i ted the body; a hydraulic
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the fluid conduit to the 15 piston chamber to actuate the mechanism. In
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and an‘electrically operated actuator for moving each'o _he Ir
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first locking piston is engaged with a’first locking device to secure the 2
BWGWﬁ@E%i%%V@%r&EHB?&WW?% second locked position the

secondnlackifigarstowith engnaed wibeasararddosiinadexiceile seatye
the tubing hanger to the wellhead; in the electrically operated
SHa DR Ge Wt PR Tttt Wik banger n 2
vpbhatd cfuatieniby Comprzenplistieleatsbnyeovidioh wiikis ineupiesa
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connected to a running string; at least first and second locking pistons which are
each movably supported on the body; and an electrically operated actuator for
moving each of the first and second locking pistons between respective first and
second unlocked and first and second locked positions: wherein in the first locked
position the first locking piston is engaged with a first locking device to secure the
body to the tubing hanger; wherein in the second locked position the second
locking piston is engaged with a second locking device to secure the tubing hanger
to the wellhead; wherein the electrically operated actuator comprises at ieast one
electrical actuator.

The electrically operated actuator may comprise a first electric motor which
is coupled to the first locking piston and a second electric motor which is coupled
to the second locking piston. The first and second electric motors may be, for
example, rotary motors, in which event the THRT preferably further comprises
means for converting the rotary output of each of the first and second motors into

axial translation of the corresponding first and second locking piston.
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example, rotary motors, in which event the THRT preferably further
comprises means for converting the rotary output of each of the first and
second motors into axial translation of the corresponding first and second
locking piston. 3 Alternatively, the electrically operated actuator may
comprise an electric motor and a hydraulic pump which is driven by the

motor. Aitthisativelyt, tvbefetdcalipiasdsatne ERIR G therid B i electric
erates hydraulic. pressure which 5 actuates the first and second
I%gc ?rggaglés?oﬁ &1 rlf?l:)gopd!i'rwgn\%’sh'og?]tﬁe%\éegéﬁyiﬁ(?em?cg rmgk/tm?tﬁ%‘?m’ when the
coptpTiseopgyaiedrirsolydesidicthempgen aatbsasyd hatie fyrsgsiole ivhidated
SRIRRLe fuedne'aL I fBLRRR, gEBpdiments of the invention may
comprise a control unit for controlling the operation of the motor. The
control EMeeslimett b RhaGivaRsd Byatinromnsyfathamemarise a power
gaDRBIHRAHEONLREUTREEHS KRAPHAIPRIIRERLP! the invention, the
control signals are transmitted wirelessly from the surface rig to the
control unit. Thus, the electrically operated actuation tool according to
embodiments of the present invention does not require a hydraulic
umbilical from a surface rig. In addition, since the actuation tool may be
powered by a battery and controlled by a 10 control unit which are both
ideally located on the actuation tool, no need exists for any umbilicals or
cables from the surface rig which could interfere with the sealing of the
BOP rams. Embodiments of the present invention will be made apparent
from the following detailed description, with reference to the
accompanying drawings, In 15 the drawings, the same reference
numbers may be used to denote similar components in the various
embodiments. Brief Description of the Drawings Figure 1 is a
representation of the electrically operated actuation tool of the present
invention shown incorporated into a THRT which is being used to 20
install a tubing hanger in an exemplary wellhead housing;
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Figure 2 is an enlarged cross sectional view of the THRT of Figure 1

showing the first locking piston engaged with the first locking device to

secure the THRT to the tubing hanger and the second locking piston

engaged with the second locking device to secure the tubing hanger to

the wellhead housing; 25 Figure 3 is a partial cross sectional view of the
PrRimefdigeredtahawaddisbpriemisobieirgseetined invbetivbing\nangerise a
Figuyre. 4 | artial cross, sectional. view of the THRT of Figure 1 showing
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o ihg; stigace s9da tharsantrisiidectional view of the THRT of Figure 1
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Eglease the 35 THRT from the tubing har;éaer; 4 Figure 7 is a
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wherein several components qf the actuation tool are, depicte .
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Whgeiseygral components of the actuation tool are depicted
schematically. Detailed Description of the Preferred Embodiments The

electricalPepispaits atibawsased brandipresdimanvedaappagtidramndte
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which comprise one or more actuatable mechanisms. In this regard, an
PR HBROMILASANR IR HERC AN BevRE oy depsispeiatice
dewnipendhatiis tieederioa svighogitiesigned to operatively engage another

b completign,system component. One example of a discrete
i Sithion éﬂhé’ﬂraw’ control valve. Examples of subsea
compleftignrsyttera representation of the electrically operated actuation tool of

the present invention shown incorporated into @ THRT which is being used to
install a tubing hanger in an exemplary wellhead housing;

Figure 2 is an enlarged cross sectional view of the THRT of Figure 1
showing the first locking piston engaged with the first locking device to secure the
THRT to the tubing hanger and the second locking piston engaged with the
second locking device to secure the tubing hanger to the welihead housing;

Figure 3 is a partial cross sectional view of the THRT of Figure 1 shown
just prior to being secured to the tubing hanger;

Figure 4 is a partial cross sectional view of the THRT of Figure 1 showing
the first locking piston engaged with the first locking device to secure the THRT to
the tubing hanger,; '

Figure 5 is a partial cross sectional view of the THRT of Figure 1 showing
the second locking piston engaged with the second locking device to secure the
tubing hanger to the wellhead housing;

Figure 6 is a partial cross sectional view of the THRT of Figure 1 showing
the first locking piston disengaged from the first locking device to release the
THRT from the tubing hanger;
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15 components which may comprise discrete actuatable mechanisms
include tubing hangers; wellhead housings, christmas trees, spool trees,
tree caps and flow control modules. Cooperative actuatable mechanisms
may include, for example, locking pistons, locking pins, lockdown
devices, energizing mandrels and penetrators. Examples of subsea

completidrigsystéris corepossniaigiion mageRodsmbrsinetptivvelectrically
2;?%5&%&% LIS RIS A SHBG RARIRISn ‘é’ﬁwﬁ*ﬂﬂcg%%ﬁg&%ﬁ’ into @ THRT,

mas trees, spool trees, tree caps, wellhead connectors and flowline

coMfaseis g cRANBREATIRY draasiulieBinnkathdgrigiad schematically; and
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include the tools which are commonléﬁgwlo ed to perform operations on
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lifting tqols, actuati{)n toqls and rotary o!)s 0 ac grdance with a first
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tool eliminates the need for a hydraulic umbilical from the surface rig to
thelt@iisca 4R iaaINais s isyaesianaship GRemtXHN AngPefanciisisHeth
of imBIERIIEDERITGYrRBoGRIPOFRIRMAMBI8 ¥RHM St BSRtable

completion system components, for simplicity sake it will be described

hef@gfENISRIRERdn Rt Yalker. rRaplesRfisyieeeigarrietae Sysfém
e'ﬁ@fﬁ?@h%ﬁt@ﬁﬁé%&ﬁbﬁﬁ@?ﬁ%@%i@bm a@gﬁﬁ??@%%ﬂﬁgﬁfgmde tubing
wnjcn IS maic era reterence number . e IS
RO LRt N S T B JEoE Sh Aol R RS AR AR fow
locetettalrtivel uipperEmobel ativebmstaatat] dorecErdsubinghdngedd, Faasxkample,
be any. of a variety, of tubjng hangers which are used to,suspend a tubin
e B e R G AR SIS SR ahdiche o1
whignatitafioiisg Examples of subsea completion system components which may

comprise cooperative actuatabie mechanisms include tubing hangers, welihead
housings, christmas trees, spool trees, tree caps, wellhead connectors and
fiowline connectors. Additional examples of subsea completion system
components which may comprise cooperative actuatable mechanisms include
the tools which are commonly employed to perform operations on any of the
foregoing components, such as running tools, retrieval tools, intervention tools,

" override tools, seal replacement tools, torque tools, lifting tools, actuation tools
and rotary tools.

In accordance with a first embodiment of the present invention, the
electrically operated actuation tool comprises one or more electrical actuators
which are incorporated into a subsea completion system component. [n addition,
instead of hydraulically actuated mechanisms, the subsea compiletion system
component includes a number mechanisms which ara similar in function but are
actuated by the electrical actuators. Consequently, the actuation tool eliminates
the need for a hydraulic umbilical from the surface rig to the subsea completion



10 hanger may be supported, such as a wellhead housing, a tubing head,

a tubing spool, a christmas tree or a spool tree. The THRT 10 is secured

to the tubing hanger 12 in a manner which will be described below, and

these components are lowered on a suitable running string 18 through a
- riser 20 and a BOP 22. For purposes of illustration, the riser 20 is shown
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preferably comprise "a high pressure riser string extending from the B

10 to fhengRI REYPESURRIERthGYSIFRIURVE] MRqsmc@W@@a@%ﬁﬁ atubmg
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is secured to the running string 18 such as by threads (not shown) and a

loWENSI B8 thac TRy He e RR GGRERIRSY ReleaRd AbRR SRMRANeNts are
thefé%@‘d'@ﬁ wiingbrngenky dinag i8RIrdyplaciseraTises a Bk 22,
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diment o invention s in Figure 2, for example, t rst
|ocgmgrd§vr@@nﬁam§f@$mponents that are arranged in various manners.

20 The BOP 22 includes a number of BOP rams 32 for sealing around the
running string 18 and/or the THRT 10 in order to provide a pressure barrier
between the well bore and the environment in the event one of the primary
pressure barriers in the subsea completion system should fail. Although the BOP
22 is shown connected between the riser 20 and the wellthead 14, it could be

25 located on the surface rig 26, in which event the riser would preferably comprise
a high pressure riser string extending from the BOP to the wellhead 14.

Referring to Figure 2, the THRT 10 comprises an elongated, generally
annular body 34 which includes an upper end 36 that is secured to the running
string 18 such as by threads (not shown) and a lower end 38 that is ideally

30 received within a receptacle 40 located in the top of the tubing hanger 12. The
THRT 10 also comprises a first preferably cylindrical locking piston 42 which is
slidably supported on the body 34 and is adapted to engage a first locking device
to secure the THRT to the tubing hanger 12, and a second preferably cylindrical



expandable lock ring 46 which is supported on the THRT 10. When the
first locking piston 42 is moved from an upper or unlocked position to the
lower or locked position shown in Figure 2, a cam ring 48 formed on or
connected to the lower end of the first locking piston forces the lock ring

46 radially outwardly into 10 rresponding grogve 50 in the receptacl
10 B A AR e A AR e, oS AR s e t
|oc@mg@\dc@sm1dad@kmmmmwmwetmgmd v itoWh@hreEi:wead 14.
functions 19 secure the tubing h er 12 ta the wellhead 14. For example
the seon A AR e RS S o e S REEPBItes o
- whiggeigd $hadmghe 34 dcoie tigiggdhbpgelotRinin thantivel5dithagridskittabht of the
tubj . king.piston, 44 is
S g e e AR e e e B I an
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54 [ [ f i Lfor
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in teskeeiprsiipnsiewitie bjcsee deakatbing 4Adageed Dromeonnected to the
wellhpadetdg et T@&HH??)%%F%JS]{Q@?M%@ e lude-sy eardly into

means to releasably connect the second locking piston 44 to the lockin
10 mapGraresPancing SRRt RO RHBJarRERE He mlwiesy LsiherigiRd 10 to
2, iprexdmgleatigerMaRT 25 10 comprises a number of resilient collet

fingers 6Q which are attached to.the .second locking piston 44-and which )
oo com IR B RTEIEEY AL MRS Ak s GRable mechanism
comvesplofigintiopotyectdria e tockigd arardre? ©4 twethelitaad deasablpxample,
conpect the locking mandrel to the secand locking pi ..In accordance, , .
S I Al oS o SRR R AR S Whicn i

15 furt&@piemmilsegma@aﬁt fone MEpgefeeablwt\ﬁé tletisiclit adustppotted on the
'gﬂoes%lﬁf‘%ﬁrkg#lgﬁ 1Bis ﬁ%hé%é’gé\“{ﬁ&ﬂ?ﬁ# HRIeGKeAand Rekef o upper or

n one embodiment of the invention, for example, the actuation

tookréeripHses o e dieclevar sunpsicrdpasiaovib evefinstigbreng stercond
42 [iRiAE $ioh AreBgase TBRRinghARe A RKiRGARY e aRAGRE SRR portion
electrical actuator 7 _
56 of the locking mandrel! forces the lock ring 52 radially outwardly into a
20 corresponding lock groove 58 in the wellhead 14 to thereby secure the tubing
hanger 12 to the welthead.

If desired or required, the THRT 10 may also include suitable means to
releasably connect the second locking piston 44 to the locking mandrel 54. |n the
illustrative embodiment of the invention shown Figure 2, for example, the THRT

25 10 comprises a number of resilient collet fingers 60 which are attached to the
second locking piston 44 and which each comprise an enlarged head portion 62
that is biased into a corresponding groove 64 in the locking mandrel 54 fo thereby
releasably connect the locking mandrel to the second locking pistoh.

In accordance with the present invention, the electrically operated

30 actuation tool further comprises at least one and preferably two electrical
actuators to move the locking pisions 42, 44 between their unlocked and locked
positions. In one embodiment of the invention, for example, the actuation tool
comprises a first slecirical actuator 66 to move the first locking piston 42 info and

out of engagement with the first locking device and a second electrical actuator
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68 to move the second locking piston 44 into and out of engagement with
the second locking device. As will be made apparent below, the first and
second electrical actuators 66, 68 are incorporated into the THRT 10. As
shown in Figure 2, the first electrical actuator 66 includes an electric 5

motor 70 which is coupled through a suitable transmission mechanism to
thebfirk MunkerigpsroartRioThEag s T 8¢ 4R banshyuuifasigatmimantivbiiththe
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chosen for the THRT 10 will be dictated by the size and configuration o
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which engages the pinion 72, and the sleeve 76 comprises a threaded
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ACURUQ! SBdSdIRRIHRIIRGIR SRS I ARG integrally with the first locking
piston 42. The ring gear 74 comprises a threaded outer diameter surface and a
geared inner diameter surface which engages the pinion 72, and the sieeve 76
cofnprises a threaded inner diameter surface which ehgages the threaded outer
diameter surface of the ring gear. In addition, the first Eocking pision 42 is ideally
keyed to the body 34 fo prevent the first locking piston from rotating relative to the
THRT 10. In this manner, rotation of the pinion 72 will rotate the ring gear 74
which, due io the threaded interface between the ring gear and the sleeve 76, will
cause the first locking pision 42 to move axially on the body 34 to bring the first
locking piston into or out of engagement with the first locking device.

The second electrical actuator 68 is ideally similar in construction and
operation fo the first electrical actuator 66. Thus, the second electrical actuator
68 preferably comprises a rotary motor 78 which is mounted on or in the body 34
of the THRT 10 and is coupled to the second locking piston 44 by a suitable
transmission mechanism. In the embodiment of the invention shown in Figure 2,



operation to the first electrical actuator 66. Thus, the second electrical
actuator 68 preferably comprises a rotary motor 78 which is mounted on

or in the body 34 of the THRT 10 and is coupled to the second locking

piston 44 by a suitable transmission mechanism. In the embodiment of

the invention shown in Figure 2, 8 for example, the transmission
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80, and the sleeve 84 comprises a threaded inner diameter surface which
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embodiment of the invention shown in Figure rotary motors

magase SepMnel dith tnbeihreRdaheanmestian Beivars heniegeenand the
theldeppeativaifissi aBdiRe saBeH Hsisha plefh 42 VIR @ ShliRbiS the pody 34

transmission or mechanical linkage: For example, the output cylirider o _
eadh RHEGMIRGIBFPRLy drkiBgrhisiiB intireEmy toLessRgspitiMgbasgcond

15 Pisiggkidg dédioa, which event activation of the motors will result in the
R TG T e
42 el istesy ghotors GONVS ename teasigakiokaih Hridtbentmbnibmenistas that are
the SEldeal achalpIS 8001 SRes ANy s £ 790
suitable transmission or mechanical linkage. For example, the output cylinder of
20 each linear motor may be connected directly to a corresponding locking piston
42, 44, in which event activation of the motors will result in the direct actuation of
the locking pistons. Alternatively, the output cylinder of each linear motor may be
connecied to its corresponding locking piston 42, 44 through one or more
mechanical linkages. Other embodiments of the electrical actuators 66, 68 may
25 be readily derived by the person of ordinary skill in the art from the above
description and should therefore be considered to fall within the scope of the
present invention,
Referring again to Figure 1, the electrically operated actuation tool may
also include a suitable power source for the motors 70, 78. For example, the
30  actuation tool may include a battery pack 88 which is mounted on or within the
body 34 of the THRT 10. The battery pack 88 is ideally sized fo permit the
motors 70, 78 {o complete all of the operations required to install, service or
retrieve the tubing hanger 12. However, the battery pack 88 may be frickle
charged through a simple electrical cable which is connected to a suitable power
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description and should therefore be considered to fall within the scope of

the present invention. Referring again to Figure 1, the electrically

operated actuation tool may also include a suitable power source for the
motors 70, 78. For example, the 30 actuation tool may include a battery
pack 88 which is mounted on or within the body 34 of the THRT 10. The
batepplyarkiss Bidretyigizad whidnii it exitbliear 6, issevaremhpleteeaB OP

of %ﬁ@%@(%&ﬂﬁé%&[@%miﬁ%ﬁ;ﬁeﬁ&%ﬁ&@&ié@&ﬁm the tubing hanger
12. However, the batte\%ﬂpack 88 may be trickle charged through a

simple elébRigsf¢aline ARtMAY RIS SemRM B st Wil by dhe
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ca e easlly andg_nex SIv replaceq. e actuation tool may also
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THRT 1Q and is,optim activated.remotely throu or example, .
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locpted 88, the surfack uigt 26, Fdwsisthertt§ed 10 togjpecttevititbuthtbe need for
batt 8, th t it ' t t .
oo RSP, 00 SR SRR e D HE AR R 0080 2w
thecsuidaoterfgresihitieleabndoabiidytefdheith@ie b aitgrabiiieglys the control
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rig 26 and its control signals transmitted to the motors 7 ia asimp

eldéricptespitOwhfcHiam mienelralatidcsb seria whicheBHP euan B pevered by
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invention, both the power source 88 and the control unit

matBIROAIT B REBdNVBRIE PR AR RPIECERD ithitaseag ehanit 0 for

m_QM?rﬁdﬁn% "ﬁ(ﬂ'?@eﬁ*@? 6@@&%@@@‘@}@?@?@@@@ o8 ahthechh&etedQo the
will now be des%g[)ed wit reéfeeren%ﬁ to Figure 3 through 6. The THRT 10
is i%’éﬁ’l’iﬁd'@s%ﬁ ?Bﬁﬁ)g?l?a? ACASARE similar to prior art THRT'.

Thus, witliteefisstdod setandRRING piftoow 42, dek2fbsathvith thiirence to

upg!egru% %ntl?r%lﬁ%cfi: %DSLF!%] %Aﬁerﬁ'a%ﬂdleoaiﬁ/'%%%%%ﬂg fgggrate in a manner
similar to pricr art THRT's. Thus, with the first and second locking pistons 42, 44
both in their upper ar unlocked positions, the THRT 10 is lowered into the
recepiacle 40 of the tubing hanger 12 until the collet fingers 60 engage the
locking mandrel 54 (Figure 3). The motor 70 is then activated to move the first
locking piston 42 downward into engagement with the lock ring 46 to secure the
THRT 10 to the tubing hanger 12 (Figure 4). In this position, the outer diameter
surface of the sleeve 76 will ideally trap the heads 62 of the collet fingers 60 into
the groove 64 to ensure that the locking mandrel 54 will remain connected to the
first locking piston 42 and in its raised or unfocked position as the tubing hanger
12 is lowered to the wellhead 14. '

- Once the tubing hanger 12 is landed in the welihead 14, the motor 78 is
activated to move the second locking piston 44 downward and force the locking
mandrel 54 into engagement with the lock ring 52 o secure the tubing hanger to
the wellhead (Figure 5). After the fubing hanger 12 has been tested, the well
bore circulated and any other required procedures completed, the motor 70 may
again be activated to move the first locking piston 42 upward out of engagement
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receptacle 40 of the tubing hanger 12 until the collet fingers 60 engage the
locking mandrel 54 (Figure 3). The motor 70 is then activated to move the
first locking piston 42 downward into engagement with the lock ring 46 to
secure the THRT 10 to the tubing hanger 12 (Figure 4). In this position,
the quter diameter 25 surface of the sleeve 76 will ideally trap the heads
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maintain the tubing hanger 12 firmly secured to the wellhead 14. T
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reversing the ahove-described procedyres. In accordance with another,

oo ERTIRHRRT bt 1 DR O 2 EE RSTHLIA SR AP cton systorm
15 actariporientcamiphises anretedirisefuatad hadchalbyiyagie ceugsdetimponents

f [ I ted | t leti { L.

iR R S T D T

hy&eitgizporsisareydiachadnsadheaviillassitie solsrincompldiion tkyssdmwork

COMRRTRUFURERRASHMRI SAL NS Dl ReaRENRIENON o tris

system 15 components which are normally actuated hydraulically. Since
the¥BReRHpBREM@Y be used with any of a variety of subsea completion system

20 components, for purposes of simplicity it will be described in the contexi of a

THRT. |
Accordingly, referring to Figure 7, the electrically operated actuation too! is

shown incorporated into a THRT 100. The THRT 100 is similar to a conventional
THRT in that it comprises an elongated, generally annular body 102 which has an

25 upperend 104 that may be secured to a suitable running string and a lower end
106 that is adaptéd to engage a tubing hanger. The THRT 100 also includes a
first cylindrical locking piston 108 which is slidably supported on the body 102, a
second cylindrical locking piston 110 which is slidably supported on the body
above the first locking piston, and a retention sleave 112 which is rigidly securad

30  to the body above the second locking piston. Similar to the THRT 10 described
above, the first locking piston 108 is adapted to-engage a first IoCking device 1o
secure the THRT fo the tubing hanger, and the second locking piston 110 is
adapted to engage a second locking device to secure the tubing hanger to a
welthead or the like.
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5

typically include one or more hydraulically actuated mechanisms and
corresponding hydraulic lines, they will require only minor modifications to
work with the current embodiment of the invention. Although the actuation
tool of this embodiment may be used with any of a variety of subsea
completion system 20 companents, for purposes of simplicity it will be

described EREIRINTER FF IREHETS RLERARGIST PR e bRysr o Whisk
eletiipalliconeriad asutatinuinckisd shevdeineaspriatethietng JhREeond

100. The THRT 100 js simil , ti | THRT in that it_ ri ]
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thedefir10igesraipd doisiss\ehartbarst J0ekingcpisosetos ds eakingarsion

- engagsaditsarkingARyiaaRisteeseto T SIRF B INE oG RaR9S fourth

10

15

20

25

30

and the second locking piston 110 is_adapted to engage a second lockin

defR@i3d BELRREARBINY Rinddiebra! ahiresars mdiakiangesid4. 12% may
THB%Q&Q&&&%M'MQ&%%HQWH%?E@%WM 9 @_ﬂiﬁﬁ@g"é@iﬁﬁr&gﬁ?«i lGuhich
pressure is communicated in order tq actyate the first and second locking
pis%ﬁ%""ﬂ%{dl%eﬁgﬁ% fﬂ{%??afﬁf\j/%rgﬁzlﬁgﬁﬁﬁ?eﬁ%(f RE TAVERRI¥hown in
Figure 7, foopewatigier BifiesT HiRTal 6anpediddiioptheshed ys ¥letioplratesiied to
wit ylindrical rec ' the inner diameter.of the firs kin

pis o% Pirgb;gtggf)onréh % §§tF séﬁﬁ%%%is%%%ﬁ&%ﬁ%ﬁi LY *8*8%@5@6 ’g”y
sedledmistohiciizentlsy engbgeriike fithtloestdng olegles\ventliz/donperptessure is

WIBIRERREPOGHIRING AR AL BisiSl AR DL SBABIISIER tho firstlocking

chamber 120a, an secon ng piston cooperates with a’second

radvfteafRfE e bvRIRCip dogre by diseneraerthatirai0askdnaddsidiem Likewise,

Ch%’?&?ﬁﬂﬁ@%s@h%fﬁéé@@tﬁ@f’ggdﬁﬁéél #Hangapild fisté? Rd¥hber 120a to
force the second locking piston 110 axially downward to thereby engage the
second locking device, and hydraulic pressure is selectively supplied to the fourth
piston chamber 120b to force the second locking pistdn axially upward fo thersby
disengage the second iocking device. In this manner, the THRT 100 may be
either locket to or unlocked from the tubing hanger, and the tubing hanger may
be either iccked fo or unlocked from the wellhead,

The electrically operated actuation tool also comprises a hydraulic pump

124 for generating the hydraulic pressure which is supplied to the piston
chambers 118a, 118b, 120a and 120b. The hydraulic pump 124 can be any
suitable pump which is capable of generating hydraufic pressure, such as a gear
pump, a piston pump or a rotary vane pump. The hydraulic pump 124 is fluidly
connected to the first piston chamber 118a by a first fluid conduit 126a, to the
second pistont chamber 118b by a second fluid conduit 126b, to the third piston
chamber 120a by a third fluid conduit 128a and to the fourth piston chamber 120b
by a fourth fluid conduit 128b. Although not depicted in the drawings, a hydraulic
circuit may be connected between the hydraulic pump 124 and the fluid conduits

12



either be formed integrally with the body 102 or comprise separate rings
which are welded, threaded, press fit or otherwise attached to the body.
In operation of the THRT 100, hydraulic pressure is selectively supplied to
the first piston chambers 118a to force the first locking piston 108 axially

15 downward to thereby engage the first locking device, and hydraulic
preksPie 1@%Ié%ﬁ@eﬂ\?@dﬁ%‘iéd%etﬁ&%@%ﬁd?ﬁ%%ﬁ‘éﬁmﬁ‘@l@@wambef of
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pr is.selectively supplied to the fourth, piston chamber 120b to force
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lockihig device. In this manner, the THRT 100 may be either locket to or

locked ' 3 j ither, .
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actiigiian e oamsd ténprie sataydédulihichnpay 2efeimjiendvatmgdhibe electric
hygrawie IiHSﬁﬁHé%t‘é{BB?JbEWBE%%&%%H%%eWﬁﬁ%ﬁ%%ﬁ% er

120a and 120b. The hydraulic' pump 124 can be any” suitable
10js disaiedthsnahmauipiiagraphass(net shewas dngedditipnnaithough not
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connéeb&tcgﬁ to the first piston chamber 118a by a first fluid conduit 126a, to
C
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piston chamber 120b by a fourth fluid. conduit 128b. Although not i
oS HIE JF I G A TEL N o e Bt rcinary
15 theskijidrathkicgstimp 124 and the fluid conduits 12 126a, 126b, 128a and

nycauiic 1o e o R B B e P
hy@rammiplpréssaeiusting fristonashanhissatbaibder thazly 487 iatestifiiaty power
A SN, Mol TSI AR foery
in feed to power the THRT 100 for the entirety of each operation which may be

20  required of it, the battery pack may also be trickle charged over a suitable

electrical cable 134 which is connected to a power supply located on the surface
rig. Altematively, all the energy required to power the motor 130 may be
obtained from the power supply on the surface rig over a suitable electrical cable.
In either event, the actuation tool preferably aiso includes a control unit
25 136 for controlling the operation of the motor 130 and any hydraulic circuit within
the THRT. The control unit 136 may be activated by signals which are
transmitied over the cable 134 or a suitable dedicated cable. Alternatively, the
control unit 136 may be activated by wireless signals, such as acoustic telemetry
signals, which are generated by a fransmitter similar fo the transmitter 92
30 discussed above. Of course, the control unit 136 may be located on the surface
rig, in which event the control signals may be transmitted to the motor 130 over
the cable 134, over a dedicated cable, or via the wireless transmitter.
The hydraulic pump 124 and the motor 130, and if present the battery

pack 132 and the control unit 138, may be mounted either on the exterior of the
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art. The actuation tool further comprises an electric motor 130 for driving
the hydraulic pump 124. The motor 130, which may be similar to any of
the electric motors identified above, may be connected to the hydraulic
pump 124 either 10 directly or through a suitable gear box (not shown). In

addition, although not illustrated in the drawings, the THRT 100 may .
incRRRY a Borb i@ ntibiied R cromifiNiRg e Me fapstes wiaichaits frsmed in

Therzelrationplancaneio iRt MU d8Mdek 2 aivesnayilarlis BUMBused in a

124, as well as the design of any required gear box and motor-controller,
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re - r rom the er.supply .
on T oLt 38 B O S MR T, Rlsres, o
actlitghsnh coaigséteraplipaisaricludeyeveoniriientl 26 WBbifwiwderrbitingntrol
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The control unit 136 may be activated by signals which are" transmitt
ovéierEicabionsesidastialing iradieliraaaas thenesddovayy wrblesimbveen

unink38 Pehe; aciivaied Birwireless signals, such as acoustic telemetry
signals, which are generated by a transmitter similar to the transmitter 92

30 discusYEaCABIHAN ST AR TR RS st edhaareredanantionge
suréksetriciglyropérsie@ venidhercaitral signs supakadranemites 08bes

T S S o e e,
batiiesyagiaatdBdandahbeastd witit 4 36neyideaountedelhessiodhel subsea
eXt@éR‘b%ftﬂWs;}é[em component. [n addition, the same actuation tool may be used
with a number of different subsea completion system components. For purposes
of simplicity, however, the actuation tool of this embodiment of the invention will |
be described in connection with a THRT.
Referring to Figure 8, the electrically operated acﬂjation tool, generally
200, is shown positioned above an exemplary THRT 202. The THRT 202is
similar in many respects to the THRT 100 described above in that it comprises a
cylindrical body 102, a first locking piston 108, a second locking piston 110, a
retention sleeve 112, and first, second, third and fourth sealed piston chambers
118a, 118b, 120a and 120b, respectively. In addition, hydraulic pressure is
communicated to the piston chambers 118a, 118b, 120a and 120b through
correspénding first, second, third and fourth fluid conduits 126a, 126b, 128a and
128b. However, as with a conventional THRT, the THRT 202 does not comprise
a source of hydraulic pressure. Instead, hydraulic pressure is supplied to the
THRT 202 from an external source.
In accordance with the current embodiment of the present invention, the
actuation toof 200 comprises this external source of hydraulic pressure. The
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body 102 of the THRT 100 or within one or more recesses which are
formed in the body. Alternatively, one or more of these components may -
be housed in a separate structure which is connected between the
running string and the upper end 104 of the body 102. 5 Thus, by
incorporating the electrically operated actuation tool into the THRT 100,

theapleetiapriee GAthilie RPlvassaitRFIrabfiresserapdraarelovmianst 206
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the batter% ack 132, operation of the THRT will at most require a simple
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the actuation tool of this embodiment of the invention will be described in
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THRT:202. The THRT 202 is similar in many respects to the THRT 100
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lockamgrplistgnhkOSperstonnd fockingqisthelddeatisatentamysieeve dioperation
and.first, second, third and fo aled piston chambers _118a, 118b, .
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126b, _128a an However, as with a’conventional THRT, the
THRVIZOYHES not comprise

The actuation tool 200 further comprises suitable means for
communicating the hydraulic pressure from the hydraulic pump 124 to the fiuid
conduits 118a, 118b, 120a and 120b in the THRT 202. in the embodiment of the
invention illustrated in Figure 8, for example, the actuation tool includes at least
first, second, third and fourth hydraulic lines 214, 216, 218 and 220, respectively,
which each extend between the hydraulic pump 124 and a corresponding
hydraulic coupling member 222, The coupling members 222 are adapted fo
sealingly engage corresponding coupling members 224, each of which is
connected to a respective one of the fluid conduits 118a, 118b, 120a and 120b.
In this manner, when the actuation tool 200 is engaged with the THRT 202, the
coupling members 222 and 224 will fluidly connect each of the hydrauiic lines
214, 216, 218 and 220 with a corresponding one of the fluid conduits 118a, 118b,
120a and 120b. The coupling members 222, 224 may inciude poppet-type
valves to retain the hydraulic pressure within the hydraulic lines and the fluid
conduits when the actuation tool 200 is disengaged from the THRT 202. Of
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a source of hydraulic pressure. Instead, hydraulic pressure is supplied to
the THRT 202 from an external source. In accordance with the current
embodiment of the present invention, the actuation tool 200 comprises
this external source of hydraulic pressure. The 14 actuation tool 200 thus
includes a body 204 which comprises a lower end 206 that is adapted to

be GrHGRERY BdeHBdiak oA MRy Tgriserbin wiegsably enanzosiit

is relaasaRlyi caaneciable o fadarloroentslevichiaUthasia $payeignal20a
running string or a remotely O@Eéﬂﬁg vehicle ("ROV"), and an outer 5
I

diahed 2ORrEEM A SRAY R B5tingly engageable by the rams of a
BOP. In aeiditiomtitye, basiyi@ticaly dyespaitsddedusitbrameddmiders, Bconnected

h h which ' lik: .b [ d, The body 204

S PO R LR (ot g e T A GO G W b7 (aaties
actuatioesm 0lr28Guinrtmp etritepldyddid wenR O, anreteiabiopl@irisléperated in a
Th ' l$0.i f
L T e

a Bpdueltbeul ﬂﬂﬁlmﬁidpdéﬂéua_inﬁgmam@@tbgsdwiaﬁw dnbingddager to the
mafeyih39q fopAEMinahe hyaiaLiopuo RAlshe %ﬁ%sﬂamkfgggmead, the

may include a battery pack 132 for supplying powér to'the motor

10 5 RpiHBliaRitcrsE s 9\BAEHSMIRYHd BRI EY MelhtotbiRTR92, either.on a
selﬁmmﬁ%%g AERThaRdERIMPS BT e FERPIRANSISAL %@fgﬁé’ﬂé the
eda

as descri ove in connection with the actuation tool for the

1089588t oh [Re¥abniBo ACHIRIMR RIYANC i sRey GiiainRd Bdy202 so that
20fhsmifabtiiyimay et ppa@cied demabe subaeialesoiienmeniitOHdaydraulic

he M WRs Lt 12 v LAy kR BEIR Soats A RN dORueH may be
15 ;_18agﬂéi$ﬁ,iﬂﬁ)mannlel_%@biiarﬂmetﬁ'&lﬂ Eé’sﬁﬂﬁemaibwemtnﬁﬁmr@c_ﬁmfmm the
oo S a0 AR o MR T 93108, 555 e
redpbiny gnasrWmehieasteieadsodhutthrethbingdhantiepump b2 ttieded to
2 CREeRRARANG,
Aithough the electrically operated actuation tool 200 has been described in
20 - connection with a THRT, it may also be used to actuate other wellhead
components, For-example, the actuation tool 200 may be used to .actuate one or
more valves or similar devices which are located on the wellhead, in the tubing
hanger, or downhole in the well bore. The person of ordinary skill in the art will
readily understand how to adapt the actuation toal 200 for these and other
25  applications.

It should be recognized that, while the present invention has been
described in relation to the preferred embodiments thereof, those skilled in the art
may develop a wide variation of structural and operational details without
departing from the principles of the invention. For example, the various elements

30 shown in the different embodiments may be combined in a manner not illustrated
above. Therefore, the appendad claims are to be construed o cover all
equivalents falling within the true scope and spirit of the invention,
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hydraulic coupling member 222. The coupling members 222 are adapted

to sealingly engage corresponding coupling members 224, each of which

is connected to a respective one of the fluid conduits 118a, 118b, 120a

and 120b. In this manner, when the actuation tool 200 is engaged with

the THRT 202, the 30 coupling members 222 and 224 will fluidly connect
eachlefSiydraulic lines 214, 216, 218 and 220 with a corresponding

one of the fluid conduits 118a, 118b, 120a and 120b. The coupling
members 222, 224 may include poppet-type valves to retain the hydraulic
pressure within the hydraulic lines and the fluid conduits when the

actuation tool 20Q js i r RT. f rse, an

other suitgl:)')le m;%isﬁn%g?%%gﬁgg%ﬁ% réer}ili%g&%gﬁ%g{:ﬁ%i %’fﬁ%ﬁ |c¥ onent
lineglzeh, @1epries aid B0 evithithérfluitbginduitsatdlfia, e Blanldfaaaricon
12%%, snl%:q‘as cz%lvent' nal s‘,?t‘%bs An Oé)er tion, t%%g,lectrically o§erated )
actinfion thor 3 rﬁ%ﬁh%sé) Qeh A OR BL T R HIRRR O G Apifleconduit
surigkieligandcinenianaind ihe eubresiveHheRd a2 HRNINGSIHAG- ool
In this event, the actuation tool 200 is operated in a manner similar to that
des¢HBRASABBVe in connection with the THRT 100 to, e.g., secure the

THRT 202 to the_ tyhi e thep, lock the tubing hanger to the
wellhead. Altern<'§1it|}\5/Be{1;?%J }Pﬁ]%a@?e%ﬁg e (f/allrg 163&%% fgonent;
wellhead, the 10aactliatiol: wot300 ey Bedspiexetondependently of the
THRT 202, either gn a running string from the surface rig or by an ROV
from a location prosifA5HE isePHEIMSECH thiswratedheacthatbadpaind is
20Qi5 8RBy gkt iRg THRT 202 so that the hydraulic lines 214, 216, 218
and 220 are fluidly connected with the hydraulic conduits 11 8a, 11 8b,
120a and 120b. Fthieesaias ydmctiaiioe twohi 208 oy bedbropkediedrinlic

a mann rsgnilar to that described above in connection with the THRT

e
1 B%],pe?él., secure the THRT 202 to the tubing hanger and release the

tubing hanger frome4he vep!haask so1Hhabipeitdbing RPBRRIDBHLS. the fluid

retrieved to the surface rig. Although the electrically’operated actuation
todiB alsse hadxednas tonpeatediedlisnonitpartRR Whiersiay thlsanotor

bedﬁ&&%é‘%ﬁ&%ﬁ&ﬁ@%dﬁ"ﬁﬂ 8agenerate hydraulic pressure which, when the
body is connected to the component, is conveyed through the hydraulic line

and the fluid conduit to the piston chamber to actuate the mechanism.

2. The actuation tool of claim 1, wherein the body comprises an
end which is releasably connectable to a deployment device to enable the
actuation tool or a combination of the actuation tool and the component 1o

be lowered from a surface rig.

3. The actuation tool of any preceding claim, further comprising

a control unit for controlling the operation of the motor.
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components. For example, the actuation tool 200 may be used to actuate
one or more valves or similar devices which are located on the wellhead,
in the tubing hanger, or downhole in the well bore. The person of ordinary
skill in the art will readily understand how to adapt the actuation tool 200

for these and other@a@ppticatians. Hrsbausl be tesagmzad thahwile.ies

present invention has been described in relation to the preferred
embtiateA i ticonis] tigsalsimadnited Siormayedivetopea wide

variation of structural and operational details without departing from the
principles of the invention. For example, the various elements 30 shown in
the differeht embBhlimeniatioaytbel cofmhiiiad i) aymashernotilustintigshals
above. Therefore, the appended claims are to be construed to cover all
eqivatEHIERAiRTHAVRR# tRRlE U Stope it dsivesniibamveissiiaend the
CLAIMR;1 dnfn actuation tool for a subsea completion system component
which comprises at least one hydraulically actuatable mechanism, a

piston chamber which is disposed adjacent the mechanism and a fluid

conduit ich cqaveys hydraulic fluid tq the pistop chamber, the actuation

tool com risingﬁg%o%ﬁm%ﬂfgﬁ fg(ﬁa%%agiadl?c%nﬂf tqentrol signals

CORRARGNIN A & REHIRERITEMRiGR %mqgg%%é%mgyhﬂihydrau”c
r

pump which is supported on the body and is driven by the motor; at least
one hydraulic line which is connected to the hydraulic pump; and means

for releasgblyc Ii_n%1 the fluid ,conduit when the

he hydraulic line t
body is connected to Ctéuc%lr%l%o%’glrllct;ov%h% 41K tHe MOESH Brills frmponent

hydcanficisssmp THRDesate ihydraediapisssurengtices WwhadhgiROMciS ng
conpected to the component, is conveyed through the hydraulic line and
théHifiiconduit to the piston chamber to actuate the mechanism.

8. The actuation tool of claim 1, wherein the body comprises a

first axial bore through which well fluids may be communicated.
9. The actuation tool of claim 8, wherein the first axial bore
communicates with a second axial bore which extends through the

component.

10.  The actuation tool of claim 1, wherein the body comprises

an outer surface which is engageable by one or more BOP rams.

11.  The actuation tool of claim 1, wherein the coupling means

comprises a stab,

12, The actuation tool of claim 1, wherein the coupling means

comprises a poppet valve,
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2. The actuation tool of claim 1., wherein the body comprises an end
which is releasably connectable to a deployment device to enable the
actuation tool or a combination of the actuation tool and the component to
be lowered from a surface rig. 3. The actuation tool of any preceding

claim, further conpeisingAi6antsRl Wiitdensontraling theoansrtion PiilGer

motor. 17 4. The actuation tool of claim 3, wherein the control unit’is
actiaiE Byrdbatmdkitgnals transmitted from a surface rig. 5. The
actuation tool of claim 4, wherein the control signals are transmitted over
a cable which extends between the surface rig and the control unit. 6.

The actuation toglief elaimubwhesein tagganiml siEBRm e HaRsPitgd-ce
wirelessly from the surface rig to the control unit. 7. The actuation tool of
clairREPHsRsraihaf& Lomponent comprises a THRT and the mechanism
comprises a hydraulic locking piston. 8. The actuation tool of claim 1,
wherein the body comprises a first axial bore through which well fluids
may be cdimurnildatedc@iatiba actohtidh ¢tobof tiainyBenwherdio thetfoist is
axial bore omn%iméc?%:es with a second axial bore which extends through
the> BRRPESAER D P9HE: actuation tool of claim 1, wherein the body
comprises an outer surface which is engageable by one or more BOP

rams. 11. The actuation tool of claim 1, wherein the coupling means

comprised & stab lk2acthatauivatbeictiiof dkimhismineteirbtiteoimptingle

meagns,_comprises a poppet valve. 18 13, The actuation tool of claim 1,

furt ea'r%%am %%%rlnagnaeg%(:\?}g?df/ Rable Which 18 conneciad to a power supply
located on a surface rig.

17. The actuation tool of claim 13, wherein the power source is

located on a surface rig and is connected to the motor by an electric cable.

18.  An elecﬁ:ically operated tubing hanger running tool (THRT)
for installing a tubing hanger in a wellhead or the like, the THRT
comprising: |

an elongated body which includes a first end that is position
adj_acent the tubing hanger and a second end that is connected to a running
string:

at least first and second locking pistons which are each
movably supported on the body; and

an electrically operated actuator for moving cach of the first
and second locking pistons between respective first and second unlocked
and first and second locked positions;

wherein in the first locked position the first locking piston
is engaged with a first locking device to secure the body to the tubing

hanger;
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source for the motor. 14. The actuation tool of claim 13, wherein the
power source comprises a battery. 15. The actuation tool of claim 14,
wherein the battery is supported on the body. 16. The actuation tool of
claim 15, wherein the battery is trickle charged over an electrical cable

which is connectgg, (R:2-PAYV eI SUPRY J9eRIES gﬁbrﬁ'iﬁﬂffatﬁ% ;éegga&d 98ing

actuation tool of claim 13, wherein the power source is located on a
surfagienigard gagohnediedite thendotoclby @ndeldctri¢calotaurd 8hAnubing
eleﬁtricaIM oasrate\(i}tubié]_g hanger running tool (THRT) for installing a
tublr%l%%né)er hax gﬁﬁ' ad or the like, the THRT comprising: 4 ? an

elongated body wiiefeinclkeescaiiaiiRndifakisl RRBING: adRGRNS! least

tubing hanger and a second end that is connected to a running string; at
lea8PiRiesHirabashitebking pistons which are each movably supported
on the body; and an electrically operated actuator for moving each of the
first and second locking pistons between respective first and second
unlocked i&nd firshand Hécbnofladkad pifsitiamsryvhetkin dldkteifubtdonkadr
position the first ckin? piston is engaged with a first locking device to

seSOTBRAEB oAy HESthE ey TRaG el Hishy e ktH et d S dhsningclheeking
POSiHionAR $§UE AACKBA - RIS RREFPRL Wl Asseraiaigiiigocking

device to secure the tubing hanger to the wellhead; wherein the
eleptsieally operated actuator comprises at least one electrical actuator.

20.  The THRT of claim 19, wherein each of the first and second

electric motors comprises a rotary motor.

21. The THRT of claim 20, further comprising means for
converting the rotary output of each of the first and second motors into

axial translation of the corresponding first and second locking piston.

22.  The THRT of claim 8, further comprising a power source

for the electrically operated actuator.

23.  The THRT of claim 22, wherein the power source comprises

a battery.

24, The THRT of claim 23, wherein the battery is supported on
the body.

25, The THRT of claim 24, wherein the battery is trickle
charged over an electrical cable which is connected to a power supply

located on a surface rig.
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19. The THRT of claim 18, wherein the electrical actuator comprises a
first electric motor which is coupled to the first locking piston and a
second electric motor which is coupled to the second locking piston. 20.
The THRT of claim 19, wherein each of the first and second electric

motors copgprise¥ia rPIaRYINPtRi2d 2PN dE R AfclRiNZQoludbel located
comprising means for converting the rotar?/ output of each of the first and
gig

sec8hd FHOHS Tigangdarranesied soohe elesiisshyrenamid tahtkudonan
'OCEiBStf#LSE‘%&i@Z- The THRT of claim 18, further comprising a power
source for the electrically operated actuator. 23. The THRT of claim 22,
wherein the power source comprises a battery. 24. The THRT of claim

23, whereijn the battery is supported on_the body. 25. The THRT of claim
24, wherefn the b@l?e%}@til jeClaizrdéy g\%’%ﬁ%ﬂh“&@&?ﬁ’é&%&o@%ﬂih‘@“
co%ﬁ@@ﬁﬁ&m@bgepahsnl%@%tﬁde@@c@fw@q%@&t@&) #8udiee THRT

of claim 22, wherein the power source is located on a surface rig and is
connected to the electrically operated actuator by an electric cable. 27.

The THRT, of clai er comprising a control unit for controlling the
operation-%gthe ﬁﬁ%ﬁﬁ%ééﬁ@ﬁmgfﬁ% %‘?ﬁé’%ﬂiﬁmd? Ly 'éaitf’d
whyeinithe comtial nitisaitvatduby sentiet signals transmitted from a
surface rig. 29. The THRT of claim 28, wherein the control signals are

transmitted over a cable which extends between the surface rig and the
control unfl 30. g THFTOLPMAD MNUHGAE GIRLIGTURAR are
transmitted over a cable which extends between the surface rig and the

control unit.

30.  The THRT of claim 29, wherein the control signals are

transmutted wirelessly from the surface rig to the control unit.
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transmitted wirelessly from the surface rig to the control unit. 21
ELECTRICALLY OPERATED ACTUATION TOOL FOR SUBSEA
COMPLETION SYSTEM COMPONENTS ABSTRACT An electrically
operated actuation tool for a subsea completion system component
having at least one hydraulically actuatable mechanism comprises an
electric motor, a hydraulic pump which is driven by the motor and at least
one KYdFAUTR 1i0e Whish@&F R ideie 8, 0T IONYODDIICRUR S EBEE A
a corresponding h raullc condwt that IS fIU|dI connected to the
mechanism. In thi&EA AL ASLEOIN A Y R EEM COMBONEN RS raulic
pump generates hydraulic pressure WhICh actuates the mechanlsm
Figure 7 22

ABSTRACT

An electrically operated actuation tool for a subsea completion system component

having at least one hydraulically actuatable mechanism comprises an electric

motor, a hydraulic pump which is driven by the motor and at least one hydraulic

line which communicates between the hydraulic pump and a corresponding

hydraulic conduit that is fluidly connected to the mechanism. In this manner, when

the motor is operated the hydraulic pump generates hydraulic pressure which

actuates the mechanism.

Figure 7
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