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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umerous 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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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 be retrieved to the surface rig. The first and

second locking pistons are typically actuated by hydraulic 5 pressure
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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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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 component; an
electric motor which is supported on the body; a hydraulic pump which is
supporth on th?? 10 motor; at least one
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body to the tubing hanger; wherein in the second locked position
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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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3 Alternatively, the electrically operated actuator may comprise an electric
motor and a hydraulic pump which is driven by the motor. In this event,
when the motor is operated the hydraulic pump generates hydraulic
pressure which 5 actuates the first and second locking pistons.
Embodiments of the present invention may further comprise a power

source Attethatinelgrreusk asiabatipeyardichicisdocaiesy s pigsdaie dRtric

or..In addition, embodiments, of the invention may comprise a control
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@Eﬁﬁ@@ﬁ‘&ﬁ‘fﬁ@ﬂﬁﬂt@@%ﬁ&%&e&l%ﬁéﬁ‘%@#'iQ iailigal 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; 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;
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25 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; 30 Figure 5 is a partial cross sectional view of the
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actuatable mechanism is a flow control valve. Examples of subsea
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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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20 comprise cooperative actuatable mechanisms include tubing hangers,
wellhead housings, christmas trees, spool trees, tree caps, wellhead
connectors and flowline connectors. Additional examples of subsea
completion system components which may comprise cooperative

actuatable mechanisms include the tools which are commonly employed

to perforrhigiper Atisre tep canpofedien 26 fosegoitharohysimentsyfsheretastrically
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replacement tools, torque tools, lifting tools, actuation tools and rotary

tooM1arecRRIEEN GO WIBe REMS AirHISoRRHEHPBIANR Piesiemicinkpubpmatisally; and

electrically, @perated-Aduationianb s OMPSISaENs: ahBEEMAREBIoRL clectrically
actuators 30 which are mcor@%rated intQ a subse%ompletlon system

coPpBAkIT AHURRRRGD O PO TR FEART atiSie R RRYEREFomeonents of

thetiss I bseainsimpletian systenedcechpangichlicludes a number

ani ialgi funcfian Bgt are §ctuated by the
o)  orset = e 2Rt ORto8! eliminates the need
for a hydithdielasthitiaiéy fvparated antfzniondool hidisepsesecdinptation Say be
SYSIEM (00 e&?oﬁ%lﬁ%‘.g%*P%g%?&ﬂﬁ’&%faﬂ.{g@ﬁo% 8%!%?%%@8}4%15
be “incorporated Into a variety 0 sea completion system components,
forwiitiptiepsiskednevilr tedlekibe@plerasbamistoandedbis vagar, an

THRT, 108 (RIerInesIR _ﬁ%gyr@.ﬂaemfeeg%ﬁgéﬁééévmaetsﬁ@e%ggﬁwame,
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subsea well bore. The tubing hanger 12 can be any of a variety of tubing

hafRsRaRiRH SR G0 Rl FeAmries i gubesa figpRystem
anddhgaveifieathich %me@mm@téﬂmét&ﬂ@ﬁ%ﬁgrﬂé}ﬁ@mg@ﬁe tubing
may be suppo ed, sych as a wellhead housing, a t l%i{n%h(%;ad, a tubin% q

SO B GEEH LERA PHP D LB Ao O 4 HAROR) TERB RS FRP AT fow
tubtogtrbmgeuls inGomparive bithatsblbaadtaiischd etaw ransithdseexample,
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PressHERdSEbSPLMRA WG Soie mechanisms include tubing hangers, wellhead

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

5



connected to the diverter, and a slip joint 30 which is incorporated into the
riser string between the diverter and the BOP 22. However, as will be
readily understood by the person of ordinary skill in the art, the riser 20
may comprise other combinations of components that are arranged in

- various manners. 20 The BOP 22 includes a number of BOP rams 32 for
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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



which functions to secure the tubing hanger 12 to the wellhead 14. For
example, the second locking device may comprise an expandable lock

ring 52 which is 15 adapted to be engaged by a locking mandrel 54 that is
slidably supported on the tubing hanger 12. When the second locking

piston, 44 is moved from, an upper or unlocked pasition to the lower or
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with the present invention, the electrically operated 30 actuation tool
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moye: teileskinegeistens 42, 44 between their unlocked and locked
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includes an electric 5 motor 70 which is cou through a suita
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work, The specific motor 70 chosen for the THRT 10 will be dictated by

the28AL Kisd el thangrebiarees g torls, e fsrcadially outwardly into'a

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
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
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



required to actuate the first locking piston 42 and the specific transmission
10 mechanism used to couple the motor to the first locking piston. Thus,

the motor 70 can comprise any of a variety of rotary or linear motors or
electromagnetic actuators. In addition, the motor 70 may be mounted on

the body 34 of the THRT 10 or within a corresponding recess which is
forfifet imave Bwelgenonideribadiain &f theoianemidros sogagierfigtivetn the
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illustratedagrahedimpntighiee inkentionefestaxanelgatbe s anInissian electric
mechanism includes a pinion, 72 which is_connected to the output shaft of

5 thdAltbr FeVHGTHg GRUPed FESTRa SataBIG Eappotssosmeehssigsip the first
folSﬂdr@?dei §Q+WM@Ham74 ta@af@rmﬁ%‘m : aiaé\wﬁilémgﬁéfﬁétes to
OCKIN ISTON . e ring,gear C rises . a threaded outer diameter
ou Rt e TR oot LR SRE I HOUAE 2 S GRET RIdHe THRT
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the th i ter. f f i | ddition,
e AT e RSB A i R et
10 firsnisdidmippisteadionsoomd e sativeitotiedirFHRKING. distvis Miawsiéhe motor
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threaded interface between the nng gear and the sleev will” cause

thefifaaiataing pridivnstes mew dbansbhareceisdantdpringnefesthe THRT
locking-RIQR B RESYERHTasEssPRMRsths fiEst Ingkingsgyice. 30

The second electrical actuator 68 js ideally similar in construction and

operationidRLMEPdimgntal g RYSNEEN PhowW R Elgkbad clbewaier 70
15 ackatpisss prefesapin crmans escatiatiantissmamiSciigihisimorRued Shitable

O S QRS APt 2 e e oP o o
thédddegti:oigteh@t&n in mgqmammemm&;mefmmmm for example, the
SR IR IO BefPOTHEN I BEUBM AIL B
ansh@iletiie guoigiidh i angairear otorficmisdoliatelha by potrigtbaetendody 34,
20 10CKIROPLRRYSM6 WRING 9836841 8BPHISSAR 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
25 keyed to the body 34 to 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.
30 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,



5

10

15

20

25

30

5 threaded outer diameter surface and a geared inner diameter surface
which engages the pinion 80, and the sleeve 84 comprises a threaded
inner diameter surface which engages the threaded outer diameter
surface of the ring gear. In addition, the ring gear 82 preferably comprises
an outer diameter surface which is keyed to the inner diameter surface of
a tubutxarsién én@ 6 dnatisssiginl Iy dtheaiureitehitdes bopiyidd 80 tvarelis

oo g KPR 4 0 ORNR BBl Ut

theS#pEaHEd ebrihedrsly BdnaserathleevR Y unimtishaitatbedd ar fritmed
cayseihaiseranehio cinshpisieridd s meua axiabyrag heabadyedtifses a

the second locking piston into or out of engagement with the second

brin
15 IBERREURYIES JRMEE SRR 610 ThEBHRSLUIRFS FBMien FisRsarhich
shampdpdsigsehidh8ooman theleeeve S4%may e sepRessawithieRe @tmeter
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ook oINS ST GASS Lo BBt UL B B HUCRGR Ll T Ragasar. In
Foradriiomléhehénguipat 6¢linddeabR0cenubrisesamatior mdyneter surface which

I I I ' iston 42, 44 _j ich, .
vl SR e o TR ndh ot fobie ooy
locREysidtisnthetedyaid éhihgre upsaveytifiuesefeut totkipay pisttor 4ddyom
be SRRREGRL PR SRE j dii"ﬂgéf)f‘"&%ﬂiﬁtﬂﬂ??' éin‘}éﬁ@@ MP rBFA%O{he Fing
more mechanical linkages. Other embodiments of the electrical actuators

66,068 Rayhishdresinihadhirarsy) eoprston betrarmihakinggens and the
fromdbeeapvmiidesairtionsard RhRidd i yRiBreLesoRsideLehio Er?}ll' the body 34

within the scope of the present invention. Referring again to Figure 1, _
eleltiER, IBpSReAbIGEETEPIIBMIMY QlsyhHiaieagamasivigvibersecond
soyserif@rdegidaotors 70, 78. For example, the 30 actuation tool may

include a pattery pack 88 whijch is moynted on_or within the body 34 of the
THRT 10 FRF ééf?é‘?%‘é%vi"ég?seﬁigﬁﬁk‘ﬂé%&%hﬁe‘ﬂﬁmﬁ%” SIBIR g Iggre 2,

to coenpiiety atictbthnE @prsationdeagpizatttowithtatieser vieg@lineariawrdhethat are

LRI B R R B R R chaed o
suitable transmission or mechanical linkage. For example, the output cylinder of
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
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
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



supply on the surface rig and which, in the event that it is severed by the:
BOP rams 32, can be easily and inexpensively replaced. The actuation

tool may also comprise a control unit 90 to control the operation of the
motors 70, 78. The control unit 90 may be mounted on or within 5 the

body 34 of the THRT 10 and is optimally activated remotely through, for
exaHiplly, ettt isemaargrigwaisiwiidharygeliibrit dsaedearen SntherB0OP

92 ihat o located i th éHH%&PE%%T HSpiwhig used in conjunction
with the battery pack 88, the control unit 90 permits the THRT 10 to

operate WitkoatHaiRBSALM BN ASRHREAPEF 2R, BN s E8s&gntrol the
e on el tha o)t ararot MO AREPSN T withi
ability of the JAlternatively, the control unpi may be located on
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of IR e PO e o e G SR 68 dBrABITANeRD P i battery
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th 1QLS Vi I I ical le..; i fthe. THRT, .
e R et R Sy

1010 c'rg‘tiwa_mngréwsi gritiuttes sl ablitynalther BOMiRE. td\rnradineTy RiE'sontrol
Thygir 9 6'&25@%8%&?ﬂ‘i’e‘%ﬁl‘i‘é‘&q@t%%& i€s4c%9tﬁcﬂte*§iqﬁéﬁkeﬂar\semmed fo

upper or unlocked positions, the THRT 10 Is lowered into eceptac

40 BEFRIBIAE hEhY i 2 SiTHiEtRedonal Babls¥BBRNGdGe Bvenbiigrpvered by
mandetiphiriguse 3k JA8BRPMEQISIERE RCyBIRGIoMaVEhG st

Iocklng piston 42 downward into engagement with the lock ring 46 to

se@RBEGHE e, RS iRvAdiaiRGIR R EPYSTRRYIFE B ANEhBRH BRI unit 90 for

15 theuigsidirmeler mayircp sithectiagyas il idesdaHardARdeadi® the
62 of the collet fingers 60 into the%roove 64 to ensure that the locking

mdﬁa}%ﬁ%‘ﬂ%n*’ AR RISEIF B SRR SFirst locking piston 42 and in its
raised or ThasechpiositothasTHR Tullingihaogese libickhweradtiiadhaence to
R R e e e el e
andifoiteettheriockind Mikiridrel Busintite higadeshend withahe lodkiningigarte 42, 44
20 SCHYHf FR%&PI&}%?%%‘%BCM 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
| 25 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 wellhead 14, the motor 78 is
30  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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the wellhead (Figure 5). After the tubing 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 10 with the look ring 46 to thereby release the

THRT 10 from the tubi Figure 6). In thi ition, the second
ooy B IGRAAAD B RSSO0 THE D i fLbimg fenger
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- seculeasto treosidthingk i1 6T e THRT difavap4hehshe reatriev ecktenthire| 54 will

face .rig 26. Retrieval of the tubing.h 12 from the surface rig 26. ..
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cofpstetiemisiyetehy revsistetie phe\siettreabatbpsperiliireshe hydraulic
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subsea completion system component. This embo Is particularly

10 yselgrtsralinaearatad Aetishiepdralcosasafsorr sleakinahraaéon aind-alyydraulic
actiaies! Bytiaflioaibh S6eHIPEPAONRRN B SUYRAEYHLILR W6

more hydraulically actuated mechanisms and corresponding hg/draulic

linGOTHRAVER rE BB RSSHIFFhIREIH BEVRS IR WIRPWR tRéheighy generate

entbaifaneabetdbarinvention AddouohdheRoiaiopdesehibistion system

embodiment be u%ed with r%ofrf vTri ty OfTSI]J sea completion
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15 thecoomerenfsawhidiR ArcsAvoondihghctuefentingdmifigolg. 7Sthessliessdcediyponents

oper L NGOk ted i THRT 100. The,
S e RN PSR et PG
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cylffaRedimseiimeyisorepsevinien i s rspiphipisresedRamplsiay spstem

20 a 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.

11



second cylindrical locking piston 110 which is slidably supported on the
body above the first locking piston, and a retention sleeve 112 which is
rigidly secured 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 locking device to secure the THRT to the tubing hanger,
and the seBEAdIBEKINGY ASRNEHE SRS %\H‘éﬂﬁ?@@rtefé?@@@ecﬁ%@%@ﬁﬁfﬁ)lﬂh@
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also in esan er iston chambers to which hydraulic _
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chal®iing 2 dugl apdleddsdes il iBeRrg gliteAndobpesratosditskingepistoh
- radighflanggsledn dbedeadfd tafgem sfeuwthed BRRARBRISIBAN a fourth

chamber 120b. The first and second radial flanges 114,122 may either

10 pe $6RREPIRRYRIRMRET 17Body ¢ (556 PRERpRRAdEstirhlanaes WHich22 may
Ao o T THE T L0, Al oraeca e s et 2 PEbafHngs whit
operatio raulic, pressure s selectively supplied to
et FCES DR EREE PEER toton LSS OO P IS o208 aially
15 down%rauﬂ)maihmtl i eiif)t[w@a@ﬁhér?irﬂyttvekliﬁtgpieumt:]eaﬁgﬁydfﬁagﬁsupp!ied to

r iS.. selective j e seco iston c er 3ht
o e R e B B e S R ARl

15 locitimgnalewvittn thkestigenpgadeaiiiicipst sxiiadsdsniectivelg bypriidi trdbsure is
thied 3 Ve o |
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pre¥isiae aigbyedmvend doghreehi diseneaan thestat dbelinsedadon thilavise,
thengaraN’ ineking pistepiaxiply giodhseemrdierspasiisacsito

locking device. In this manner, the THRT 100 may be_either locket to or

uniSERR IR SReAND ASIHEhAIRGRR, Hitbaxe!tvBry waigdorngreby engage the

20 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,

25 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

30  connected to the first piston chamber 118a by a first fluid conduit 126a, fo 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
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be either locked to or unlocked from the wellhead. 25 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 hydraulic pressure,
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understood bﬁrthe person of ordinary skill in the art. The actuation too
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124ushetewtotHaaraviichsmay PeiRimilan inanmneline Llastie MBS for

identif;[e above, may be connicted to the @ﬁ?raulic pump 124 either 10

dirSHY P?ﬁrcﬁjgh B geHIdaRtRiot ol S, SRiaeRn, alkRBDEPriate
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controller for _controlling, e.g., the output of the motor 130. The selection
o S B DR A VA RSN P NS tTshag! odinary
theskiéisigthefaany required gear box and motor controller, are within the

knowledgg, of i ilLin th h
e nergiSa by Sy S bRy oL S RSB eeitm o

power source: examp

tocﬂﬁﬁ@i@iﬁdbﬂ@aibaﬁl@hﬁ@dmajs@mmﬂmwpm 18Rdotpupglying power
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sized to power the THRT 100 for the entirety of each operation which may be
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
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
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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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. Alternatively, 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
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may be activated by signals which are transmitted over the cable 134 or a
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are generated hy a transmitter similar tq the transmitter 92 30, discussed
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over the cabl 4 a dedicated cable,.or via the wire
e R P R e B R e
batetiudeadkd s2itery teelcdBRobpaialids, ofitne Dé-RGwiteat either requdire a simple
exteri THRT ] rWithi e ardnore, . ,

o e R R R e R T8 B R i desired, o
thelsieldernpaigerizerhaliery paokeddipie vssphihee Btldtd@ObidiEs the control

conpecied Qﬁa"tﬁ%’wh%%‘Q@HQI&%K‘&%@%@%&M%&&%@%& ggjnﬁgg%n, the

102. 5 Thus, by mcorporatln%:] the electrically operated actuation t

theSerifigeioap fiatpd agtiiian iprbmdainaiaaienespdieiarheebiegdetween

fromdherfuidase sishthETedRIRT is eliminated. Furthermore, if the THRT
100 also includes the battery pack 132, operation of the THRT will at

most reqUltE@SCaIAIEC AR ALRIESh RN eI Hiedomesnsigrarian. the
thegiaotacdifCopachiddiasitedide boitrckisusbargsptiatbRtaPRHKsubsea
e LR G N LT
opéhatedtastication| toalyetieninsd sitreancedviartampldapies iepiigeriited subsea
L R e W e L LT
sepdratepmaretnédifibesd 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, Eé 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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completion system component with which it is intended to be used. As a
result, the actuation tool may be used with a conventional hydraulically
actuated subsea completion system component. In addition, the same
actuation tool may be used with a number of different subsea completion
system components. For purposes 20 of simplicity, however, the actuation

toAediRN Rt clhEHONHedRs enbeAY R4 pehics sapEYiFeE enig&igind 206
with & THRE-RefRIRostechigy ShheplactitaliyLperatedrastiationdeebper

generall 0, is shown positioned above an exemplary THRT 202. The
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includes a body 204 which comprises a lower end 206 that is adapted to
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runnin ring or a remotely opera vehicle (" "), and an outer
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through which well fluids. or the like, may be communicated. The body 204
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actuation tool descri ove In connection wit THRT 100, such as
a environment.

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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hydraulic pump 124 for generating hydraulic pressure and an electric
motor 130 for driving the hydraulic pump. Also, the actuation tool 200
may include a battery pack 132 for supplying power to the motor 130 and
a control unit 136 for 15 controlling the operation of the motor. The
selection, arrangement and operation of these components are preferably

as CRIEEEHEAVBHRY FLiiBhissPRSRVINRYRE HerthiRrPlpasabhtisemartthe
10@yirAfditipasthese snpegants 2re WRte TR e it thebad%n, 1204

204 so that they may be protected from the subsea environment. 20 The

acl%’éqialg%olsﬁﬁa AR FRIMESHPI 828 5table means for communicating
the hydrauiepsessonetiromdbeityitrapksatahactiz4itn the flpid eepdiitsonnected

11 118b,12 Ob in th HRT.202. In th bodi t of th
S BRI R E R R T B e SO A B We e
leastifitsgdsenand;rhird) athfpulthiigareett; tines@i4i@] A WamKoR20ated in a
ot | :
RER i D e SO R RHE P ML, e,
222eneradapiEd®d 28dliadhedHbge aengespoddimndoipiing inlsnteesger to the
224, mpchof Whigh isive Oﬁg%@#w W%cgwaémﬁ%&%w%ﬂ@%&gqead, the

118a, 118b, 120a and 1 In this manner, when'the ‘actuation too

10js @rialianingl 2R0TraybeGEPiRkesoRdRRRRgaRbE e THRANE0224itRr.on a

fluidlyiargneshgadheiibahyscawisdings HRALBoRLS @&Qt%%%a%mate the
correﬂgéndlrrlﬁ one of the fluid conduits 118a, 118b, 120a and 120b. The

co fenibdpis e RaMARTHORbARR inRsEuTRASRS Ethid #f2 so that
hyehialigdpsessuiiscwithin, theshpdeastia rresarpdiig st nesrd it ydraulic

the actuation tool is disen rom,the THRT 202. Of 15 course, -

S e o g bk e eAbE A BED GLIo0! 200 may be
15 hydrsaiitdihes 2 Brtls, sk h8=a ol RA0 et ibedlalsbeomd wive 1dQntdiBithe

12 , such ' operation, the electricall

ond i LT S ST B ERT 2% (AR SRREgde e

at theisgrizcweyfon thenvrlinessosw it Subteingbingad oaybairetiieyed to

stripg. 40 iseyent, the actuation tool 200 is operated in a manner similar

to that described above in connection with the THRT 100 to, e.g.,
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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secure the THRT 202 to the tubing hanger and then lock the tubing

hanger to the wellhead. Alternatively, if the THRT 202 is already in

position in the wellhead, the 10 actuation tool 200 may be deployed
independently of the THRT 202, either on a running string from the

surface rig or by an ROV from a location proximate the wellhead. In this
evéal- M tuation tool 200 is secured to the 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. Thereafter, the actuation
tool 200 may be 15 operated in a manner similar to that described above

in connectjon with ihg L 190, tﬁ)redgsuEE%'E%ﬁt@éliw;?-lélgsggzrﬁocthn%Ponem
tubing hanger and release the tubing hanger from the wellfread so tha
thelisitigchaipesanay lsevetieveydauthentyrtadadigbkltheulymtisen, a piston
elegf{gﬁaﬂg 0 ﬁ{aﬁrd actuation t00J.200 has been described in 20 )
connection with' &' SH%%%/ LACHRIS TP SRR otier dvdlirdagonduit
cormpienisn oy examplelithe ariualion 9 R0 RanBe: Uaed 40 @& HE0ol
one or more valves or similar devices which are located on the wellhead,

in the"iPBiRg S anger, or downhole in the well bore. The person of ordinary

skill in the art wil il erstand how to adapt t ctyation tool 200

for these and othge?%@a}élg&%t{%%?eﬁ%%& @B@enge%@gg% e%?ﬁ%ﬂﬂg}ﬁe
present inventionihafchadnnutasebiediirgelasiondaitos pefesmd
embodiments thereof, those skilled in the art may develop a wide

variation of strucRurSi M p eratsh ay isains i atterk sarits tlordithend is
prigg{plgsiRf teinygrtion. For example, the various elements 30 shown in
the different embodiments may be combined in a manner not illustrated
above. Thereforef thestppergehiaiinimareticchésconsiasetitoahydiyataulic

equivalentsdfalling within the true scope and spirit of the invention. 16
cLAIS: % An actuation tool for a subsea completion system component

which comprises,atdgasienelbysisicalipag ﬁ&éh&%&lﬁﬁﬁ@'ﬂﬁg‘t@m fluid
piston chamber which is disposed adjacent the mechanism and a fluuf
cofgifuilmderdhodyadyy dr annticiedt dotibgpisorpohamper ¢he mcheatiostor
00 rives the hydraulic pump to generate 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.

17
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comprising: a body which is releasably connectable to the component; an
electric motor which is supported on the body; a hydraulic 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 releasably

coupling the hydmdiglingtheBuigr condyibwhen-thg, hadydsganngsted
to the component; wherein the motor drives the hydraulic pump to
gerEtataler Gracnuiped sigralivirsitied fiienbadyiifcentcted 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., hereirilthe bodytamprisest araigndyiislrsinettasailitol signals
connectable to a deployment device to enable the actuation tool or a

corfisinERH SO Kt At G oBieheHend s oMent (hesarBiwerag ashile

surfaRe-&ids3¢ The actuation tool of any preceding claim, further
comprising a control unit for controlling the operation of the motor. 17 4.
The actuation tool of claim 3, wherein the control unit is activated by

control signals trapsmitted from a surfage.rig. 5. The actuation tool of
claim 4, ereini\ﬁg 8‘8#‘]{?610&&%@ Ogréwgﬁs%iw TG AR SpMiRhignals
exigadsisinaen haaesiacatisand erceRkyie Soflip@giHation tool

of claim 4, wherein the control signals are transmitted wirelessly from the
surface rig to the control unit. 7. The actuation tool of claim 1, wherein the

component comgrises a THRT and the mechanism comprises a hydraulic
locking p?s'ton. . ea%%c U %n@ggl 8}§Cﬂﬁ1rliri,rimhg%}:%etgg&o%ponent
conynpeises firStAR@! bate divomgbhahishwaihiiidsmahberaulic locking

communicated.
piston.

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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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 e GRUMIREMBBNSCOMBISLSIAARP LGRS taU%

tool of claim 1, wherein the coupling means comprises a poppet val
13. svng:aéméh@m@mrof claim 1, further comprising a power 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 Buppoitae aottheidedsol B ThgiactLRtiomeoliadwlS: source
wherein the battery is trickle charged over an electrical cable which is
cortERREL ¢S & BIWEY -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 electrically
operated tifbing hangectuatiing tool (FHRMEjfor idstallingeantubiiaghasteger is
ina wellhe%d e like, the THRT comprising: 4 ? an elongated body
whitHPRILS }’fﬁ d that is position adjacent 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
electricallﬁ@peréiféd acturiionforeholitlgieadd oftredirsthattenondrickle
e R RO IR R T A R M Ry

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;

19



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; 19 wherein in the second locked position the
second locking piston is engaged with a second locking device to secure

the tubing hangeyiethe Wellheadowherpindhe ag&%ﬁ%?@%)@@&éh%ﬂ;o king

actuator comprises at least one electrical actuator. 19. The THRT of clai
18 pidterein thiecsleatrivdthciuatsocbimpiseg alfivitel¢otsequntothwhichiis:
coypled totth%first cking piston and a second electric motor which is
couﬁ%%etro ?hte %E8C ﬁ)r&c‘king piston. 20. The THRT of claim 19, wherein

each of the first apgbasigond cleaticaMOts GRMRIISOS S IRYROL0s Rhst
The THRT of claim 20, further comprising means for converting the rotary

outpRf BlcsHiRAdPEEI and second motors into axial translation of the
corresponding first and second locking piston. 22. The THRT of claim 18,
further comprising a power source for the electrically operated actuator.
23. The THRT ofltlairt BR Wherailaiine p@wertsotiicerlconapsiseisab actuator

battery. 24. The THRT of claim 23, wh rein the battery is supparted on
the"BBEFISS. FHEFHRIHREIANAIE, WHeheils thetifdriasthifckiest locking

chayigash QYRr ARRISHY CRLFAD IS WBICH IR GPRNGHIBELIO1H RRNRLSHRRN King

located on a surface rig. 20 26. The THRT of claim 22, wherein the power
sosEors located on a surface rig and is connected to the electrically
operated actuator by an

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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electric cable. 27. The THRT of claim 18, further comprising a control unit
for controlling the operation of the electrically operated actuator. 28. The
THRT of claim 27, wherein the control unit is activated by control signals
transmitted from a surface rig. 29. The THRT of claim 28, wherein the

control sigrails areh&rapgRTtietauer 2 zaRiRMNCENERES RRIWESD h&ited
surface rig and the control unit. 30. The THRT of claim 29, wherein the

cortfol Siiass s andisheerivide sary denirien x npsseiedastaator by an
Corgféléﬁaié%kﬁELECTRl(:ALLY OPERATED ACTUATION TOOL FOR
SUB PLETION SYSTEM COMPONENTS ABSTRACT An
electrically operated actuation tool for a subsea completion system

component_having a st one hydraulically actuatable mechanism .
comprise?gm ele{t%‘fctﬂﬁ%tﬁrpf AR UlE: PO TBSR SRR R gRe A patee! unit

mofgr apskAlIeastRNs YRS ine whighom W#&H&?@f@a&ﬁ%?n the
hydraulic pump and a corresponding hydraulic’conduit that is fluidly
connected to the mechanism. In this manner, when the motor is operated

the hydraule PURSEIRIAISR DN RIEERISHIE AP Whivatea

by control 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 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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