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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.

ore partjcularly, the invention 1? directed.to an_5 acﬁution tool which
cEigpttically-Lngrated Actuaton | QojdRraubses. Gompietion sxstem Components
cBaeisponnihgr thecinaeisiioon the subsea completion system component.
Subsea completion systems typjcall mprise ellhea fousi which

is locatédd %%Seeg’([eia B0V {%é %%g%@%% b z?l‘\‘/‘\/g(\a{if)goec?1 D&?Hﬁ%?ﬁs tree
witiotplaiibis syeteme dao e eopsof Mesenesiticatz tpubia dneentiartibtigected to an

h . which i in Qi . i )
(SRS e AlLechanaas i an e SR

the well bore
afuatinge UIRSREndRe WeithanimienBefiEarcomipigiiemaesten
b&w%gfﬁyenter ("BOP") is usually connected to the top of the wellhead
housing or the christmas tree and a low 15 pressure riser Pipe is-

connectPEERRIARIGIBCY iR KRIake s RHEeFDRSIeRhARuUsing which
nrl{%qa_agw @am@brslé?tw(@@fnéﬂwmﬁﬂw%ﬂr& glwanwhseé;,raamrmé@ll%@w_ hich
the riser pe Isconnect r the subsea c etjon system n,
e Bl R S et o SCne & e IBUSh TEagER which is
cmgpenhengitiecltidewedihbadibmsi2g eviiteh dmstamatesbiyndyehatHisupports a
pressure, that.i lied from the surface rig_over an umbilical.. One such
DS e R A e Bk B e B .
ir&t‘@)ﬁ thénallalilﬁwthaqwmqhemﬂhemmgipge@arﬂ@e (f‘B@"t’r‘ﬁais tally
PE%@&%&"BYP%%%‘W@ WWQQ.M%'YF?ERQ‘EP st nd a tlow
ular whic

second generally tuk ocking pistons are slidably supported on
tHESESWE A ST PR & megtggmg@éme%@&amb@ém Figkihge BOP
deMicRiEs SeckERES HAREIGERdERITER RAN0sE BN SeRNdHRR0ENd

piston is adapted to engage a second Iockin%device to secure the tubing

halfges ibanEiAiRedn BrotistrnareeidrmuiiesSHREeHEAMPRLR BYRIAM In

otiibeiahing bargesrgartning string is connected to 30 the top of the

THRT,_ e first locki iston is,actuated to secure the THRT to the top of

the (BRI, AN CRe RELRAH) ORI G ERHE UaH S neia s

thebighatiecait eatpipbyayHiae B@R:sSmectbiad ibinp ket femdientdethdbeg
over an umbilical. . One such component is a tubing hanger running tool
(“THRT"), which is used tfo insiall 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
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
to 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
the top 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 to secure the tubing hanger to the wellhead
housing or the christmas tree and, when appropriate, the first locking piston is
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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 | again actuated to release the THRT from the tubing

hanger so that the THRT can be retrieved to the surface rig. The first and
segaitddoiciatay pistelesaedpplddRty fsonties tpingdianter setdsatrthe/RRT can

i%%qg@qga%egﬁosh@a'glélﬁ through an umbilical that extends 5 from

the surface rig. The lower end of the umbilical is often terminated in a slick

joint whithei§ingicansosectis ippiene pisionm e B OPicMbratiyatasiny hudgerdic
Sﬁﬂé@é’ﬁg iR WRRAR ARYRRGPIHET ARISIIBBISEn UMbille iﬂg’ﬁextends

ows the BOP rams to close and seal around the running string or the

THRET RASETEGRERerERR diMsmane ehfimicabiigahithelign ieeninalesbine slick
alensihriBoRatag e ey aneeénetiveiss BOMhpLhirtetarpne e drIEr is
the u f?i'licﬁ}le\/vhéﬂ'}tﬁhe OP js loca ed&ubsea, several operatqrs are
AR LR RSB R S BIPASTFE LHR M aElows he
c@URctng thecBePantdst sthsenrthompiriionsiysteot tirin-RMghthout

ptessure riser pipe. This arrangement requires that the THRT umbilical
Trrsieh Tt et

pf’insg ﬁ%ﬂa ams, which may prevent the BOP rams from

sealing altbougitelharsiihe jeineatloivartientidderaoys Aogossilde stikdive smal
thi . / o ) oint
e B e e e e KD R B B0 Io SR R, sovera

refRAreoth AR alatN dre oesiklibncé xeey dingt eSS Bpatiihepiunfave rig and
digianeetrivrendre R aRes IRt Ao Hifetiorssaal e s 20H%n pressure

christmas tree, and the use of such custom-length umbilicals for eac

sU58E R IR NIPISRITARRREMS TGRHEERABR! AR JHE sehbirakrassipreh the

CEOPOSItAY| Setichi r?ﬁai?kﬂx‘éﬂdﬁi&hé@@ﬂa%ﬁig ﬁmﬁf@d&iﬁ@@&é@é@@yﬁﬁ thc?

THRT wever, these composite joints.are time consuming to install an

VPR TR RIS ol PRI B AR HIIGR PERPETR R T RE: the

Inweshilimal lto acspeda GOF thpirenprdogn whishitonctieseadjadsihere surface-

di inthe prior.art are overcome, by providing an electricall

o e e R P T R S G enon

cdmpitpes nslsastrondistaairalizabeachesiizionaeiciniriae Tteubsea wellhead

AGHBHRHOR FRERIRPHENEEG Wbch 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 fime consuming to install and their hydraulic conduits are
difficult to fill and flush,

Summary of the Invention

In accordance with the present invention, these and other disadvantages
in the prior art are overcome by providing an electrically operated actuation tool
for a subsea compietion system component which comprises at least one
hydraulically actuatable mechanism. The actuation tool comprises an electric
motor, a hydraufic pump which is driven by the mofor, 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.
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30 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 g@@@%&%%&%@@@mﬁwmﬁﬂfﬁt@tﬁ@mmﬁﬁp"2 fhe
ageRfenReNLhanethas ARk eshNes Bkt rargéaptvvavam%té%%amgly

electrlcat%l operated actuation tool com rises a body which is releasa

e {9 2 deploymrnkdRiRS, 3k Pe’-'a%t%wew rulineinpetastisle

RRSEREHESM Whih is gupwf@ﬂ@mm&mﬂywaﬁd@@@g@amgmwly
5 engage. the subsea co éh\?tlons stem com onent a electric motor, a Ll
AR DS TGS, LS IETE RGP 4 Sl B e Ay orauiic
nmmhwhmqmmwmagembmm ahd laythrastllormmWsauddhae which
mechanism., Th s when.th drauILc
genera?escﬁtﬁalﬁ%‘g%?ggéﬁﬁg@ aé%%e mec aﬁ%irsn ar?ﬁgf ’re\ﬁ;’ en the

m%lmmmmahu@rap@mum@ g@ﬁ@f@f@géﬁmawbm gsuTplktich
SN SRS OMD AN L BCSRECRREERY L ALY SaRdReN-ObH *é?atwe

present invention, an electrically operated THRT is provided for mstallln
NG ﬁé@l@ébﬁﬁ*@@ﬁ&ﬂéﬁ@n GYHRMIEMTPRTEARRT comprises an

elongatgd hodywhicwinaladasRdishadithahiSPotiipaatiasrahtid, an

tubin Q%hanger and a second end that is connected to tiﬁg a running strin

PRELCAIN SRRt TR B EHPRS PG PgS! I @ Wellhead

SUPRASIRCLOTHRETHRY canthaslentrisialyser Bty agtiataideumoxingt end

f the fi d ck fi d
T R AR SR P CULHPBLRO8 ASHORS ST UHEAR . JorReged f
pasmmﬁgesﬂmgjtmkmt firstamis ssgaykibokithgepfasire ekiich daeieath movably
Sgu d%?\dt)t/\ Eﬁ“é‘%&%E%t@éﬂ%%ﬁaﬁg%ré@ﬁﬁ%aﬁ‘é?&% %ngg each of

e secon kin Iston I1s en a secon OCk
dﬁm‘e’&besutaemhé l@sﬁm@ hmtgés ti@etmemla“ﬁ@;a@mnmé@b@mtanyond unlocked

% REPiRG: an Al Ak ISEM BBLHIRARL MAHEORISER] skigH e fi9bcking

h Is coupled to the first locking piston and a second electric motor

mﬁ,ﬂw%@aawﬂwﬁa §éE§H&¢5&T&r@9ﬁI§&¢P eI dhakpdrde tasiybing

THR%&@:‘“@I@@ RahgadonEXSERBLE pERABN T ¥SedR IBIIG-RYBRIASs engaged

referably further comprises means for, converting the rota%ou c{out
oA %ﬁf{ﬂg locking device to secure the tubing hangertio the wellhea

The electrically operated actuator of this embodiment 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, rofary motors, in which event the THRT
preferably further comprises means for converiing the rotary output of each of the
first and second motors into axial translation of the corresponding first and
second lfocking piston.

Alternatively, the electrically operated actuator may comprise an electric
maotor 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
actuates the first and second locking pistons.

In each of the foregoing embodiments, the present invention may further
comprise a power source for the motor, such as a battery which is iocated
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locking

first and second motors into axial translation of the corresponding first and
second locking piston. Alternatively, the electrically operated actuator may
comprise an electric 30 motor and a hydraulic pump which is driven by

the motor. In this event, when the motor is operated the hydraulic pump
generatts thednaotic. phessiditonhtbl iavardies thayfiesteprisseconntioiokitigfor
pistons.. In each of (0 ' bad] | Jola ¥
T S e e e R B 0 e o

locatenl Sgnateimbiehtaeertiaismitedifimng Sieince figon trneconiadaent of
%Retfé?\',gilmbﬁ)&h%%mm;%@ ReAtianah e ISl NP ROAAbWHkR e rig to
preferably aci[vated by control signals which are transmitted from a
dberseatig. Yalbne embodiment of the invention, the control signals are

transmiteda Wik @RSty feam HimmtdacatichtidntdoeFanE Pronilihvention does
electrically operated actuatjon tqol of the present i v%géign does noe[h

BER AR AR TR o B LR, T AR RO S gRane
agtiaiion ol may be poweratiity atimtteyy=mudconirsitid by @aanstalnit which
unit which  are hoth jdeally |Jocated on the actuation {ool. noneed exists:.

At R e e A et B HR R R B il or
vaisibitefraralihg shitfeeB@Pwhichssolid detamerotvish dbjestsilinglof the BOP

% tages of the present invention will be made apparent from the
following detailed description, with reference to the accompanying

drawingBhesatand eiiven goiets anf e rbrataurs tiitiscpsaseit hwestiosel be

t%%ﬁ_oéﬁfé%ﬁ?@%ﬂ@,%ﬁ%{iﬂg}%ﬂéﬂ%&@#&@m SR rdEince to the

Description of the Drawmqs Figure 1 is a representation of the electrically

oRRGareRPaYIna SEAYEKIST B a¥ings dRE IR RIRRTRIROGR BHRBE I3y be

TIHRT WhishdshainithHesehipribata irathdoiagibas saiHpamexemplary
wellhead housing; 20 Figure 2 is an enlarged cross sectional view of the
R 138 gCHRRM OLEIGHAMROR St locking piston engaged with the first

Hryiee 1dssecupedientititiofalibeslabingatipoperatad ttusdicoridol of

lqcking piston engaged with the second lockin ice 1o se. 1he

t?] nagﬁ%%ré?elm/gl?ﬁgn Vfg\%vg% g’xﬁg[%%%’%ed lt‘% agﬂ%LF%vEsc% @%&Hﬂ; used to
install a tubing hanger in an exemplary welthead housing;

Figure 2 is an enlarged cross sectional view of the THRT of Figure 1
showing the first ¥ack§ng piston engaged with the first locking device to secure the
THRT to the tubing hanger and the second iocking piston engaged with the
second locking device to secure the tubing hanger fo the wellhead housing,

Figure 3 is a partial cross sectional view of the THRT of Figure 1 shown
just prior 1o 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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Figure 3 is a partial cross sectional view of the THRT of Figure 1 shown

25 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 fFagnger7 Rigarepresenpaticnlafraseeendsmboidmetithbtmeistactically

Ei ; h : ) :

g PAANNE AL Sﬁﬁ&og@égﬁkmee%mmﬁg%%@wadrHRT,

King device to secure the tubing hangerto t

Fiferein keugsatwarereneaiscabing srvalemioareTdsPiindschemsifgy: and
the firsidpgiige Risoe diesnaed o bdirr erbaafiRcertcliastialy

the THRT from the tubing hanger; 4 Figure 7 is a representation of a
SeRRAHPEABBEHHMNIAS fP?é’?ﬁéHﬁﬁW”&fﬁ@%d%{%ﬂ SR BB AAmRonents of

presapiUBNER 66! she wBpntetpaiéesainialig. THRT, wherein several
compﬁ)n nts of the act to 0ol are eic d scpematically; and Figure 8
i&&%ﬁ@&%& P B HE BthFOUEE - he electrically 5
operateThactiedtoindthp opktiaésdreskmstiony émviont, thi preseseiremttion may be

i : : : -|
R e S B E bR
ashichicompiss trepreseneiaviiiablenapthanises intdnjrrgd . \aith a
Vaéﬁ%%néwasgﬁgﬂrg@m%% COMRRBRNGEAI QL WPICh GABRNRR ARGice,

or more actuata ms. In this regard, an actuatable mechanism

b9t dsiref pdce ndtrbuis disEianed focrayrl naass apptbry SbeRfce
Whigkhig RS IgReSBR7IGHYEIY OnEaeRAIENST SURRRaICARSINE

system component. One example of a discrete actuatable mechanism is

aMBaresistbis Ao VEseipleglrs IpaRism Bl ) Sempiajion system
CoBREORE B WItEth My comiprse diserete actiugtailiermashansmsitotseibing

RS Al ES AT VA CDUBE e SE o A

O X/

inatatie) fooduiasplBodpekitiygistuma e kiver arssios kaawin dedic der example,

g g ' :
T R RRUon OB AL R R
mesteiratons ifvlagwiediplskhrgecomielptiendystem components which may

comprise cooperative actuatable mechanisms include tubing hangers, wellhead
housings, christmas t.rees, spool trees, tree caps, wellhead connectors and
flowline connectors. Additional examples of subsea compiletion 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, [ifting 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. In addition,
instead of hydraulically actuated mechanisms, the subsea completion system
component includes a number mechanisms which are similar in function but are
actuated by the electrical actuators. Consequently, the actuation tool eliminates
the need for a hydrauiic umbilical from the surface rig to the subsea completion

5
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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 commong employed to perform

dhstativperaRoadof b ouivibe arigalinn leaehiNisrpkadimemng ayds,

LSRRI VBReP dPalbs Oy RHIRS AB8IS cFSRIFPRIRGSERBRAIORIS,

torque tools, lifting tools, actuation tools and rotary tools. In accordance
VARG sake S SparEnsd SeReaTRE R SRniREtaR Mitkamy Bhdrated
aCtuaﬁUﬂhtﬁé?'r@féﬁﬂ{@&ﬁ H@@r@ﬁt}tﬁ@@&ﬁf@&&iﬁ@ﬁi&@ a&m:'j@dh R is shown
incorporated into a a completion system componpent._ In addition,
TEEP A R R SNG4 e e g iber 10.
SYateMHROM pdaahbinnlbdes arsedribenstaich dnidngshahidr dteisimvadifread 14
function but are ,actuated by the.electri tors. uently, the
G e LR e R TarS. R TG 12 con
shefaoy dbawaﬁetywéeaingm@m wrégﬁt_ém uaa%@mpmﬁagghimtring
A1RR {0al BLIRISSARRIRARL P PE S BRI S SRIR A ATARE ATa tubing

subsea completion system components, for simplicity sake it will be

deepiot #e RenRiep PR teh R EibAs At el ieaNoRsing refibing featyariubing

1sihBiclesticahasreiaistagibalinadoqlis SMrIN16 [BGRRAERSS #dbing
THRT, which is indicated generall %reference number 10. The THRT

: ally .
16%%%0\%%@\‘1&‘0@86‘%8'%‘(&” e 5P REARE A iAnd e aaMRORRAES are
iSdRentedont dhautipperrendind stduhsetmellore rideetibing Hagrre2

tubing TG USEOREH T e T S ANHE S G B R @ vertr 26
cefipbieobmediethta tubimtpdd fpRges foayiressupp oited sughZ8svehich is

| g, : q : ) : _
NFASEIRG  MPHAL S RS e o
wsifdrpvoitwesretheidbebelanddhe BleBe2eormisurrme asowibhersadly a
SUABIEHSANIASY IS dhIBf @Ry ISRl 7P RBGR BRider EOmRRBRSSise

of illustration, the riser 20 is shown to comprise a diverter 24 15 which IS

coHifEGempgURntRERT PEN AN A S AE AREE RN UBUR KT RETS.
connecteRd@the divaitdidasd awipdeiot BOMRiEhI SR BesaRAdRIaHRghe

:ggé n;g 8 g. ri?lgt\aviﬁe earllw ér/]gr "éefﬁh?% t%eo?d%?tg%ry\%v ee\éeprx”easss L\gl‘gl l?aerrier
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 wellhead 14, it couid be
located on the surface rig 26, in which event the riser would preferably comprise
a high pressure riser string extending from the BOP {o the wellhead 14.

Referring o Figure 2, the THRT 10 com;ﬁrises an elongated, generally
annular body 34 which includes an upper end 36 that is secured fo the running
string 18 such as by threads (not shown) and a lower end 38 that is ideally
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 & first locking device

to secure the THRT to the tubing hanger 12, and a second preferably cylindrical
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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 humber of BOP rams 32 for sealing
around the running string 18 and/or the THRT 10 in order to provide a

deskingdisiondd wiisk énslitaliyFubroted andteebipgiaadtisegrotabin
aiie,8hths QLimANcBKESS W/ RATC S BB S REROPRISIR Sy SR head 14,

should fail. Although the BOP- 22 is shown connected between the riser

20 and fihe firsh FASVIGS FFDEVBRGES B BrE AR Whighepgrates to
VeRigliye Vies bistey retones g preferabhecampris et Nighr AFes SRd dtsigtent of the

string extending from the BOP to the wellhead 14. Referring to Fiqure 2,
NGRSl Ry SR A
ins{psiedabie bppierisnd @6/t is seppretbtbdhéhaMHRT $0ing/h8rsthehfinst
threads (not.show lower 38 that.is ideally.30 received
e R e b e B S e wer or
TieGEdLposisorcshgwis s Hding Brefazivlyingl#ifualédohingrgistmed2d to the

V‘{B\iﬁ%ﬁné igahlysruPRRied nibe Q?ggs%ﬂé‘%férﬁ’xwe%@? galfRdly into

first ing device to secure the THRT to the tubing han ,and a
saconeegpenstian gearriredn BimergipreAtio Wiaceb lsrkdbs THRT 10 to

SyRPRIted) PRdReLegly and is adapted to engage a second locking device
to secure the tubing hanger to the wellhead 14. The first locking device

can conlPRSSSSAYHRIAIA LAY IARIMIBRY-ABE RPreBLRPAMEIHF!IeMechanism
theniohing dtrgan sddirdadusineg veegabadinciheol giasbdmaentien example,

o e e O S S LT o BN PRt e whicn

fiestalsiekiify iEstapatRishp eviedtiagraend i ei4othahlio clied g sitippdddtien the

R AR S T SR pver o
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Agniaciely maiiandly ineo e coleekpdridiniienchwavboniniperecdefpsireond
4%&%:%3;5%%%&8&%18&%t&amavgmamsml,%nﬁ@163%?_'}%33 portion

locking device similarly can comprise any suitable mechanism whic

R fbFepeEpareaneielopig Haiifeloes W e elrafiriPebvarsheridriple,

tf&ﬁ@@@ﬁﬁd@?ia&@w@e%mmmea@xn&adﬁ@&@dg%ﬂ@@ 9e tubing
which is 15 adapted 1o be engaged by a locking mandrel 54 that is slidably

SUIBPEREASR the wellhead.

If desired or required, the THRT 10 may also include suitable means to
releasably connect the second locking piston 44 fo the locking mandrel 54. In the
fllustrative 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 mandre! 54 to thereby
releasably connect the locking mandrel to the second locking piston.

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 pistons 42, 44 between their unlocked and locked
positions. In one embodiment of the invention, for example, the actuation tool
comprises a first electrical actuator 86 to move the first locking piston 42 into and
out of engagement with the first locking device and a second electrical actuator
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tubing hanger 12. When the second locking piston 44 is moved from an
upper or unlocked position to the lower or locked position shown in Figure
2, the second locking piston forces the locking mandrel 54 downward,

and a lower nose portion 56 of the locking mandrel forces the lock ring 52
a8 il lgnovevtbedhe corndd dkiogr pigieo gt erd miwd 8gagement Wiathe

Js‘ééBﬁH?6&93(@3%4{%%“?\E%ﬂ%e'}%%ra]p%&éﬁ%‘eﬁﬂw,eﬁ% ﬁf‘%%ﬂﬁ%%e%nd

required 10 may also include suitable means to releasably

ianiscetrsietorrddBcRharpittearaaretatéiedbnd HRMAIRI 54. In the
illustrative sphedimsgtel therevratier sheunEIgHS 36/ RXAaRIe dRetric

THRT 25 10 comprises a number of resilient collet fingers 60 which are

ARAINSPWhiGH 1L IHRIAE ARG PiAorH iRk rANTEHsE I hrBeRhNsTLIe the first
?hﬁlﬂfﬁﬂ%ﬁb@ﬁﬂﬂmrt}wﬁfiﬂotm&w;dahawbiﬁﬁsaiw@atmmiQﬂmk[@il@@}éérﬁgeh}to

e 10CKINg mandgre O. there rejeasal onnec e |0CKINg. Mman
R e bt B e A S e E
e‘leamiltaﬂzydm:mtattbw Bteainaodion aonﬁmlmmmofrthi_ejsﬁsm' Itastherferaed
prfeefﬁ{%%"?gﬁwg(?t&'%&t@%ahr (jc}"ggg{ec?dé‘f’s@%tQﬁd?ﬁé'Qgergc@tg%#s?mﬁsf‘s‘gﬁg

between their unlocked an positions. In one odiment 0

im@mmﬂwmmeﬁdmp@uh@ mumtm tgdha:ﬁmph:gggwa fitstomeditival the motor
mﬁ;&;ﬁﬂ B IHEONRVHP SAAEKING RIS B AL ABR QY Y ERARHS TG

e first'locking“device and a second electrical actuator 7 68 to move

tRetIatyRd IBadRgpstBieAnaiao Anadubemenyaigeneiha et et lRiTHRT
lagkingiamice cOslRRIMAAs-aRpAREH he R e fikslanshisecond

electrical actuators 66, 68 are incorporated into the THRT 10. As shown in

Figure 2" the frareflitiRBaPLHRdRYEEENSLAWE ih REEiC sthsdinteb/ O
Yﬁmfmifss@mla%ig rrr?uafr ?rﬁ!{J? tga@tmtﬁanmisai Qﬁ%?ﬂéhﬁm$m1rﬁm3ﬁﬂ§attabie
ocking piston 42. motor 70 can be.any suitable device which ., .
R oG S Ay ey T e B lSr TR B E oo the fist
cheseng fpistbe FHRT th€ Wkkﬂqeteﬁbmm&mm si?téahﬂrgoﬂrﬁig,lfmtmraofpie, the
the IR Po?r G- IRIGER “%&&ﬁ'&%% 10 At RSt %%‘ﬂﬂ@&é?‘%&‘ tﬁ%]%[]ﬂ)ut
the specn‘slc ransmission i mec arﬁsm used to couple the motor to the

firbtat ¢Kithee pnsitsi. 7oh @sTitigeoemndrt whichrisciginely aupnsirtedanietieobody 34,

rfa0l JDG2 7 BRI 98 SIERLIN 39 BR o REH RIS, AT HAR 118 11943
70 may be mounted on the body 34 of the THRT
piston 42. The ring gear 74 comprises a threaded oufer diameter surface and a

geared inner diameter surface which engages the pinion 72, and the sieeve 76

comprises a threaded inner diameter surface which engages the threaded outer

~ diameter surface of the ring gear. In addition, the first locking piston 42 is ideally

keyed fo 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 to the threaded interface between the ring gear and the slesve 76, will
cause the first locking piston 42 io move axially on the body 34 to bring the first
locking piston into or out of engagement with the first locking devicé.

The second electrical actuator 68 is ideally similar in construction and
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
fransmission mechanism. [n the embodiment of the invention shown in Figure 2,
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10 or within a corresponding recess which is formed in the body. In the
embodiment of the invention shown in Figure 2, the motor 70 15
comprises a rotary motor and the transmission mechanism includes a
suitable gear train to convert the rotary output of the motor into axial
trianshstionplef the fieststotsion pisehagzmrinbkdese aiekeBdadimbiig of

stsion | i eiberfRotiineis
R R MR 2 B b

whiphasiegtatahly bogpciteawhainepyap4avichisceiiatbedda enipiaees
atﬁﬁé@%w%ﬁ fernas e gsalny Rivibs Just 1aaking BisteR S 2ofRisinga

gear comi)rlses a threaded outer diameter surface and a geared inner

dfire st&iAmeiPerdieRR ANE PiRfHES NG dianapteraurtace which
cgﬁgﬁ%?@ﬁtﬁetbsﬁwﬂesbf né\fdi ﬁi@m@@r@aﬁf@@mﬁddﬁm w\a@@@é@h Raas Elﬁueeﬂmb_ ter
outer diameter surface of the ring gear, In ition, the first ing piston
SR8 b e e B e AT TG B oe. In
fraduiitiriatithg: ridatiyesio8b erdiefz B Gotnpitiseenam peteralainetiaf sheface which
pinipn 72 will rotate the ring. gear 74 whi ta the thr d.interface
R R e e o Sl AP e e T R R
43qounedvio &xatigiyn3héodbeyedy reenitng tihe siesoriddkirigng stistomeetdrom
oy aliRp9aasEl iLINe, MshiackRgsan3 % s Ses g BlaRifalring
actuator 68 Is Ideally similar in construction and operation to the first

elgR®i&a whichisluedotha dntradesceprnerienpiaanttic 68 pasarany the

CQIBB{IS 2 A aR:Sacins Z@cWﬁ&%éﬁiﬁQfH%Tt%ﬂ Qg §F dbe Rady¥h BidhRdy 34
THRT 10 and is coupled to the second locking piston 44 by a suitable

rih BANELM FRECRA IRSHINhRITEPB NGR G Ruit B PRRPBRERIS WER SomsRcond

Figdkehg d&dafeexample, the transmission mechanism includes a pinion 80

hich i ted to th tput shaft of t tor 78 [ - 82,
hich (A S AT R H o o HRS s PR R GE0E B e 2
attiee hefdtprooforsiéd] 78tegralbeweiidbedseitbrehio okingdineatdndibes that are
: . . : q
R R e D 0
cowifalledranamission pnoedianisslinugscehohierpengagtisthetput cylinder of
thesaded outer AIMeIe U ROk RIFRA Y RRG B&r@@gﬂﬂin@?ogﬂﬂﬁlﬁeﬂon

82 preferably comprisés an outer diameter Surface which is keyed to _
infiér Haifavbickupprt aelivaiin g (ermetws wiltrsHlitnyhe direct actuation of

the locking pistons. Alternatively, the output eylinder of each linear motor may he
connected fo its corresponding locking piston 42, 44 through ane or more
mechanical finkages. Othar 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 exampie, the
actuation {ool may include a battery pack 88 which is mounted on or within the
body 34 of the THRT 10. The batiery pack 88 is ideally sized to permit the
motars 70, 78 1o complete all of the operations required to install, service or
retrieve the fubing hanger 12. However, the battery pack 88 may be trickle

charged through a simpte elecirical cable which is connecied to a suitable power
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10 secured to the body 34 to thereby prevent the second locking piston 44
from rotating relative to the body. Thus, rotation of the pinion 80 will rotate
the ring gear 82 which, due to the threaded connection between the ring
gear and the sleeve 84, will cause the second locking piston 44 to move

astigliphyoontHestsouaca rig anthy tichs it thriavertih alitisrsmtored dyttbe BOP
%ﬁ@%%ﬁ@ﬂg&%ﬁéﬁ%%w YifReAs an alternative to the

ment of the invention wn in Figure 2, the rotary motors 70, 78

may be Teplack@iipthiopktinmiye FRENTIFRHBEOMEY anit BBinsacishe
thgisrasnestivelir Braas candtackiRaisions d@ndd va motiial'en or within

transmission or mechanical linkage: For exar%%,le, the output cylinder of 20

DR hRl thient 43 He AR deoPdmaliy A LG SEmStRIn N TERMg T
S;@@?M%eftﬁdﬁa?/w{tnwt' by h@thxam@z‘ he ?w?rfﬁﬂlbsﬁﬂtwﬁmer 9f2 that
rect actyautuon o OCKI | ns. ernatively, the,output C er
B ATER ARG, AT ol S LR G YRRl ter
4Radid 8Brdug kanteobumit@e peentisrnicalTiAkIgEs iOtperam bditioué s oked for
| i 6 5 il i

o LIS B ARG e B e R BT MR REHARE RE2E M Alen
coniid éntatfeydaithithin shaliscoplilby wietherBsdn v dittonatisiyying control
againds Rlarie ioéafe&'sﬁtm@gn&Q@éa@@%ﬁm&w@gﬂg%mmd o

a suitable power source for the motors 70, 78. For example, 3(
athaaneirtsdiinéy i siplsatleri et cadsuniiphsimbeRa st & Savered by

thadpeyr34ekise, TH Gy And eckpERswBask &Stdeddealhesamstiarpermit
the motors 70, 78 to completeﬁgl&bo the operations required to instal

‘ ) L
sERRREPERERE TR W EHERTY POVRRAAAEFERB BatdRe ﬁQEH@S’”“ 90 for
mag etoekiE, rarged ibreidaked sinple alegiticalcablenyishrscted to the

connected to a suitable power 9 s on the surface rig and which, in
tH@C%%%Y’frfl'ngtrﬁ?zagg\?gnlg&%ﬁq %a‘ggggerams 32, can be easily and

ingxpené*ﬂwelgxpraﬂmne@f The RdRidtidnwilatonapaties cobaptisétaretataote to

TS RN SRR T S 8 A

opiimiycprioarrd Teidtely T ghthdhe finied secosddaskinaalistons 42, 44

SIgHMSANAGP HEF VP HARKEY BASAIBHEINEE FHHPH0 is lowered into the
receptacie 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 inio
the groove 64 o ensure that the locking mandrel 54 will remain connecied fo the
first locking pision 42 and in its raised or unlocked position as the tubing hanger
12 Is lowered to the wellhead 14.

- Once the tubing hanger 12 is landed in the wellthead 14, the motor 78 is
activated fo move the second locking piston 44 downward and force the locking
mandrel 54 info engagement with the lock ring 52 to secure the tubing hanger fo
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
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is located on the surface rig 26. Thus, when used in conjunction with the
battery pack 88, the control unit 90 permits the THRT 10 to operate
without the need for an umbilical or any other such cables extending from
the surface rig 26 which 10 could interfere with the sealing ability of the

B e larkmingidsjo therestreleant Yo mbiRbe {biamdhimtuiingurrraer
RRA PR BSIRBR IR RiBB OIS ey By BESIREIRC

cal cable which, in the event it is severed b% the BOP rams 3

iandha Mangea SOV apRM NG aPaRsthep dirobdiRTeho ovtlieh action wil
inYRILiRNHACRIBERAGUEIERPiER B Apddhe @Dnl?@'é%%@@ fehelndh8rel 54 will

motors 70, 78 may be located on the syrface,ri and connected to the
MBRANVA "‘asr‘é‘&lﬁ[%%\mé % HRAFHLRIEL TR B W%‘P&EWW?O“”‘”‘V
vaBamechie desortibaanithiceTareiteRd figuey tindugleBielbe TR slface

T B AR r e e e eSS REE i ke e
upqumphaﬁedltadrpwamgsth@ehmaﬁaﬂ:rﬁaleﬂ\mcmbduteme receptacle
40 of th Jé%g% e k‘?ﬁﬂ@ﬁ@f@ﬁ §8ﬁttl?1%8t§&lﬁ%e

mandre gure e motor 7 en actlvate to move the tirst

|cﬁiﬂmgqﬁ&mpa@mmn@mw@@m@m@ﬁm@m@%bmm 264 hydrauhc
SBaHEB, then s RAidR drsthir8/pingibanger the Soiskus &nipith

the outer diameter 25 surface of the sleeve 76 will ideally trap the heads

6WRRRER el NR GestEpAP s BB IveraHic U iHE FheRIngenerate
ma,@a@n%w&lsm@aimmww@gé@décamsaﬂ‘ﬁh@%m&@éﬂfpﬁf@n@;}@t&ﬁn

d I the t lowered to the
RRBRRTE O S aT N R RS AN fo e o tiogesystem
mm&wt@%mmdm&y@&mb@dr@mloa@:plsfmémdewmpdments

for lockin e t with the lock ring 52 to
o e g o A R R R o BB e
hangesn@rﬂmbm&na@stémeméWIWHimmrematgdrmm amdditations to work

' 0
R o T
IR BiRgIme b TRy bByH st 4t By R Tarrtiorh sHEeBirR AR system

(FigRTSoRkrts Ty paRiHeBs beshaeaRe/ kgL EieBbdMaiRecontext of a
disconnected from the mandrel 54 by simply pulling upward on the THRT

15Wﬁﬁch action will
Accordingly, referring fo Figure 7, the electrically operated actuation tool is

shown incorporated into a THRT 100. The THRT 100 is similar fo a conventional

- THRT in that it comprises an elongated, generally annular body 102 which has an
upper end 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 sleeve 112 which is rigidly secured
to the body above the second locking piston. Similar to the THRT 10 described
above, the first locking piston 108 is adapted o engage a first locking device to
secure the THRT 1o the tubing hanger, and the second locking piston 110 is
adapied o engage a second locking device to secure the tubing hanger fo a
wellhead or the like.

11
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release the collet fingers 60 from the groove 64. As a result, the mandrel
54 will 5 remain in its lowered or locked position to maintain the tubing

hanger 12 firmly secured to the wellhead 14. The THRT 10 may then be
retrieved to the surface rig 26. Retrieval of the tubing hanger 12 from the
surfaceTrige 261y b6 aleedmbiiiscal bymbesisimgstoa abavbeatedoribbich

Pﬁ&ﬁ?ﬂﬂggﬁqéef%?g%dﬁ?ﬁﬁvMmga"[’ﬁ@metfrﬁg}%dimﬁﬁfeqh@%rgf%%%econd '

nvention, electrica Yy operated actuation tool comprises an

cledtingpisfors 108 4 Hydtadiie Maptiveerapocimeand el thedmerniied shvn in
L*ﬁy@%?@%%? lanSyRerde TRMENt 4 58 HlEHHGR 1T USHAER N Rith o

raulic pump to thereby generate  hydraulic pressure which is used to

aeylingsierbreapsed BRSNS HiamatBrIdhe first ns'dnaneiatame Hogsto form
paricyissbisiidioCRHRERR COBDIRIDA SYBIRTH JSFHISRAEE MR 118b.

e e

cdefaspantinpdeptsduictina dinkyewiRdeqaing drdysevond terifigatistos to
work with the.current embodi t of the invention. Alt the actuation
R e o L e 2 SR8 By Alh (e et
coeghictipntepstbant@coatibonBrmdjrirandg sesosdfaiapiiengdswildd 22 may
described i . indl i )

DB KRG BAREIo Bt U ol 00 B0 oAy el et fids en

1608 WrisetH fhrersees Bietafter-ctupRdnaciacheity thakady comprises
an elonggigsha8BRTGHhnaTIHEr POSYHLEZNICH-B8s AR i3 2 41BBRV R dubiMied to

that may be secured to a suitable running string and a lower end 106 that
SRR B IRTROR R A R TRIEE T THAOEH0B BRI RS irst
cliswetioatdasiiner sistenddifwhiditds ity \uevRRodad ANdRRIROGLINFe is
N R T R T T
rigidtmseﬂaﬁ@d@ﬂ)vmahe Mgmmgeﬁgmmﬂr@wmgigmﬁcéimilmvme,
G ST B Ry S R et o
affierchdrsesecehid 6ok pisisinn 100 delptsmpieng 4o éhersdnorbrukiing
AQUIGSHIPISEEHES JBG AHPIG RRRAKIHO FovEieRd SR IKEs Iblied to the fourth
piston chamber 120b to force the second locking pisto‘n axially upward 1o thereby
disengage the second locking device. in this manner, the THRT 100 may be
either locket fo or unlocked from the tubing hanger, and the tubing hanger may
be either locked to 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 hydraulic pressure, such as a gear
pump, a piston pump or a rotary vane pump, The hydraulic pump 124 is ﬂuid!y
connected fo the first piston chamber 118a by a first fluid conduit 126z, to the
second piston chamber 118b by a second fluid conduit 126b, to the third piston
chamber 120a by a third fluid conduit 128a and fc 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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The THRT 100 also includes a number of piston chambers to which
hydraulic pressure is communicated in order to actuate the first and
second locking pistons 108, 110. In the illustrative embodiment of the
invention shown in Figure 7, for example, a first radial flange 114 on the

btzfal026tnciiiatesdiigsh. H&wihuﬁw!i@@é@gi&mﬁzmmm diazmizteof
Oé%we%Aa?hy@@gfeﬁ}a%t%ménee SRR RO R UBMRTH
a eale sleeve 112

nd a second piston chamber 118b. Also, the retention

cHERY b B ydrautie wessHee lsciirPisian Fham herakiinelectiviely asitede the first
PiseR&OANSE RS RiIdRdhesecand taekingipistany epRPRiateS, Wil éa |

second radial flange 122 on the body 102 to form a fourth 10 sealed
PR iRTsEF abpericadifstadarsiashRy AprPREIYLS prdinanpsiin the
edner be formed integrally with the body 102 or comprise separate rings
which gre welded, threaded, press fit or otherwise attached to the body.

I oper GG T RY SOByaH e iR RP S prdfne
tihgdinest o siomp M b arsel h8dotol Bl cevttiud ety deksigims tionahO D athalblectric
1 to ther n first locki vice..and hydraylic.
o B, R e P SRR P P e

fekrecityeofithrmigdng spitable acatlhappats e wereby alidiingagérbedir ot

'qmﬂ%aviw%i&gwﬁ%s%@WW&W&A%&&&%@%@J%@%&%J@

third piston chamber 120a to force the second locking piston 110 axial

deRtiRbirg it erbisy By the Potsedstl (BRSS! Belareohaiy aRriRRTIRie
PReSEHIE3S Rplacdively syalige e fourths RistpAiRN RS Igh2 ) @ red

the second locking piston axially upward to thereby disengage the second
SRR G AL MR SORSONER, #58 Writhiprti B ShRulasecHHoF BeRRR S bprdinary
uplgickethérang, the tubing hanger, and the tubing hanger may be either

locked locked. f h llhead. 25 The electricall ted
aotuatoh BATAEs COMBRLSE £ HSSI2a o BanS “S0a5t GEHer AANg theror
hysiaauie pies awtaatibicios suppietLtethdpittonpabk R ferld faiviigipower
1 b i , .
OB o S R AR SR S s 2 ISR MCenty
piizsd puppist dhethiriRfahe0danipe Enénejr clisropuonpratiansvingtiynag be
CRRAFRat e Esk R om aRAmPRIHSS PAd I U LRG0

the 'second piston chamber 118b by a second fluid conduit 126b, to the

tHtagHisR caamBe ek B PNt rRIsTLIa BRRIAY BUBRIYRrESanendhRsurface
piston HeanBeEl2@R 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 also 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 aclivated by signals which are
transmitted over the cable 134 or a suitable dedicated cable. Aliernatively, the
control unit 136 may be activated by wireless signals, such as acoustic {elemetry
signals, which are generated by a transmitter similar o 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 fransmitter.

The hydraulic pump 124 and the motor 130, and if present the battery
pack 132 and the control unit 136, may be mounted either on the exterior of the

13
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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 126a, 126b, 128a and 128b. The hydraulic circuit

may comprise a number of conventional hydraulic valves, switches or
stodgriteahthioil EHiro Did grtethin pply of inpdeasiepsessuidcto ahefpisted in

R S P e i

ueekasd aBICtle pérstnoconroRrRied JaiwaeRdharuThiagstriagandbie upper
further £oBIRKS$5,80 flectric motor 130 for driving the hydraulic pump

124. The motor 130, which may be similar to any of the electric motors
identifieli &S0 b¥, iRCRyRRELREE B & M phelie hartpation tmdntaghe

diregily udhiey el edeitablengenicaw (RatShtvwytHuAs iier AL RHIhe
not jllustrated |n the dr Wirﬁm}gs, 00 m %‘tlgg[ ude a_motor
r

_ .the THRT
COIRBTS oo BRIl RSl P g R R A 19 PRE 20l
ofreiudpptapriaite matackl SB8{aspgitien bithadliéPuml 22hmas welkies a simple
the design of an uired gear bax and motaqr controller within the .
RSP oI Br QTar e S T O oo SOl
btriekiergizegeif amatienapdeipotewsvarc tFe M ldRIniHle inckidetuthgorontrol
toql; i ry: in [rect! :
SR S YA, I R R . e
teipsivisativeoreripd ootistionentirdpiorescho perditr wniceaRiay between
reauisgeratdtyithaeriiRry mRgk may also be trickle charged over a suitable

electrical cable 134 which is connected to a power supply located on the
surface IHGCANEFRERMh AneRSE FERGP EREREES {59 HirSed HistlP D sthe
magdtcaltainedisandheRIMebPIRYSsHtBeRIHRIE filerP Ve auBstable

el e e e ot e S Bol e abginiues.
atiyehyetuatitn cooLitmytbinutiee WitR3.cohecrdivnal biydraBGoalay dutuated subsea
S R0 R IO YRS R oy bo s
astitatedumybeirofaifeigniiybseecanpisticstisstiemestinxigeats, \ioichurposes
2 SRAGIAIE IHYAFRNFDILEL SHRHAGIR LReHiBRBEEMAt of the invention wil
be described in connection with a THRT.
Referring to Figure 8, the electrically operated actuation tool, generally
200, ié 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 118z, 118b, 120a and 120b through

- gorresponding 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 tool 200 comprises this external source of hydraulic pressure, The
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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

tratientiopdent 209 Hie dneloert @ bedyidst whisheortiines @igweonehd0t
SKIROLAL IS 1P ROMHIE P Ge QOWIRIH QAR TIRE an upper

drEfy
recesses which are formed in the b Mf Alternatively, one or more of
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thod angmrtﬁkﬂbandteﬁelbsmb as mtab&telﬁﬁmgﬁmmatt@wyzi&ie to be
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present invention, the 15 electrically operated actuation tool is housed

sE\ﬂéﬁ%&éwa?ﬂ fied $OpeERCEHINGIBYE P YCtRIASSHRFANME ATVRE IR EMPIPIST 30
IR EOIRS M&ﬁ@uﬁ@ ;ﬁlﬁﬂ{éu'mlébetﬂété@tuﬂmmémbwﬁrm battery

B R S LR S R e
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many respects to t HRT 100 described above in that it comprises a 25
cPMERBAIBBdy 102, a first locking piston 108, a second locking piston

110, a raierdian:SieR 8ol PA0FNA AP cGaBrRds WithBRAYRENE fgaled

piston chambers
communicating the hydraulic pressure from the hydraulic pump 124 {o the fluid

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 iines 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 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 fool 200 is engaged with the THRT 202, the
coupling members 222 and 224 will fluidly connect each of the hydraulic 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 1o 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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118a, 118b, 120a and 120b, respectively. In addition, hydraulic pressure
is communicated to the piston chambers 11 8a, 11 Sb, 120a and 120b
through corresponding first, second, third and fourth fluid conduits 126a,
126b, 128a and 30 128b. However, as with a conventional THRT, the
Tﬁmﬁem@bﬁcﬁw@hﬁﬁﬁ@aﬁ%M@%ﬂﬁ?ﬁr&l‘ﬁﬁﬁ%@@hﬁeohﬁﬁ@dﬂe

hygERigARSS YRS S W RliRAR:tho0 MR Trelk frcds i pxteiRal fz%ﬁcel 203

In-accordance with the current embodiment of the present invention, the

asfishfigRrosrdoeTeapEEEeMaIsSEBRgal source of hydraulic pressure.

The 14!ﬁ%é%w%8@6&%39%@@%@@%&96%6&@99%%% Sonnected
lower end 206 that is ada th to be secured t &j é%er end 104 of the

TREYESSANSTHH b Enats SrdRae febig fesubsea
da@mymad rirdevieenisgoitiasa mamaam‘a;mgtmumm@{ ﬁcb;mgcﬂmmamt@pehated ina
ted ve uter.5 diameter sur
A SCR, R0 S8 BB o STt W BLRch ok 1 o
Zééumnaythe "ﬁmﬁédmmmtahlagmegmammmﬂmm Tublirtuidsger {o the
iRy Feﬁ%r%w‘ IG3fRoTRe: f'%‘p‘éyszgf}ég 8%\3!&5‘18%% QERNad, the
enal, su to I IS to be

SUIta e mate ch-ds metal or, i e actuatl

d@pwyédrbtpamﬂa)mayrb@@mwﬁdsﬂdem@nn@%mi&h@rif tgl W agither.on a
InGlHARR) %@Nﬁéﬁ#&%%%ﬂ%@@%%%% AEHAHEM Qb ERRS B%(ﬁa'?é’t\éethe

in connéction with the THRT 100, such as a_hydraulic p um? 124 for

gurelinand HydhisiRypnbdbsracivalian QBE%QOMGM@@ RHRIVIAG teD2 so that
gﬁzﬁé?%}&mmméésmm?aggm@%@fb@%}%ﬁwm%t ﬁﬁs’bt%ei@g?y PRMydraulic
or su in wer e r and a control uni 0
SN Mo A el POP AR TSGR e FEBALRDLARD may be
opgkattad bf thesesenyonents tret pkeferbbty @taadesnrdwﬁh@dﬁmwnh the
ti |th the actuatign r 0. In addition, thes
comni%ﬁ: &Tps ré |%’éaﬁ’ oé@eﬁlﬂl‘:{ﬁlé a t%l_{% té&? %(E] Nt i8 {haeydrﬁea a[:)se the
prﬁuﬁeo@dafr@wﬁnemdbeemlﬁ%ammat 1be Théngdtangenrtenl 26 0citighed io
Ctﬂ%)%ﬁffgﬁ uIl ble means for communicating the hydraulic pressure from
the raulic p

plmp 124 to the fluid conduits 11 8a, 118b, 120a and 120b
in the Twﬂihroz@b. etatestiealy preretedrrctipianioeiRPeedrerigaseribed in

8, don@MRRithg ariratiqniggldreludesseidéastiuate other wellhead
components. For example, the actuation tool 200 may be used io éctuate one or
more valves or similar devices which are located on the welthead, in the tubing
hanger, or downhole in the well bore. The person of ordinary skill in the art will
readily understand how fo adapt the actuation fcol 200 for these and other
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
shown in the different embodiments may be combined in a manner not illustrated
above. Therefore, the appended claims are o be construed to cover all

equivalents falling within the frue scope and spirit of the invention.
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first, second, third and fourth hydraulic lines 214, 216, 218 and 220,
respectively, 25 which each extend between the hydraulic pump 124 and
a corresponding hydraulic coupling member 222. The coupling members
222 are adapted to sealingly engage corresponding coupling members
224 _AHIBof 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 each of the hydraulic lines 214, 216, 218 and 220 with a

corresponding gne_of the fluid conduits 118a, 118b, 120a and 120b. The
coupimg membaTs a0 EDRER SR sl el eadmaent
hydiaHicqigassee avitbinthadygauliciipes aod dnebiicceRpgiis WHsBon

the actuation tool 200 is disengaged from the THRT 202. Of 15 course,
aRYBIRST stitielie 1in B0 pedy AkagSEH therdredumisroandct thid conduit

hﬁé&’ﬁ?&ﬂifcﬂﬁ%ﬁlﬁyéﬂa‘iﬂ@%ﬁ‘ﬂ? I%ZQT%LELS%%fl&ﬂ%ﬁﬂ@g“&%gﬁggﬁé%ﬁ?ol

120a and 120D, such as convention S. In operation, t
openapetmguation tool 200 may be connected 5 between the THRT 202

at the surface rig,and then Jowered to the subsea wellhead on a running
string. In this eéﬁ%ﬁggﬁhéﬁﬁﬁ%ﬁ%ﬁwsgﬁ iththe SRIRRePSHsilar
to that describeg aieueidrsorpecHEh WHSHER 1A IR0, secure
the THRT 202 to the tubing hanger and then lock the tubing hanger to the

wellhead. AlterfatiyératiiehorpiR Tvhochis ailrepagiegoziticheirbidy and is

Wgé&g % yation tool 200 may be deployed independently of the
THxl % g,qglﬁf#%??(%f a running string from the surface rig or by an ROV

from a location qirtzeisnate: thediwelibaad: Whibls ie@nhdbr @etuatian taliic
200 is secyred to the THRT 202 so that the hydraulic lines 214, 216, 218

aRi™BB0 e fluidly connected with the hydraulic conduits 118a, 118b,
120a and 120b i | 400 0. :
a manner similé?%%%eg{jegglc%fﬁgggg\%g lﬁr% %o%r}]%eﬂc%%)r%gﬁtcﬁ ﬁtﬁ%oeéiﬁﬁgr fftid
100ndué. yrheedhee thdyTiHRTRG2 twithe tubingnhporget andceteashahaotor
tubing hanger from, the wellhead so that the tubing hanger may be
S R S R et o P B s sl he
tas &P hambeasdesgibeshipoiReonnestioayiiadid R hdtwyayalsO line

be used tg actuate other wellhead
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 to

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 wj iy und to,adapt uation tool 200
for th eszﬁand %g%@g@&?{cgﬁﬁ%ﬁ%}%%’bﬁ%ﬁg n?lz%det%%,ovﬁ/ﬁﬁé the
paesentéd\ntionthdsherils teasritiaddriretatiosuiddberpreferred
embodiments thereof, those skilled in the art may develop a wide
variation of structural and operational details without departing from the
principles; of the v BHER FROIOF BPRIBH IS4V AURMR ! GME REh AR SBRNR
the different embodiments may be combined in a manner not illustrated
abis/ramsiniist o viter applnaddcbl aintendrebie wearotistrethos cgvendihe
e%gi\ﬁ{z%léﬂt%{alling within the true scope and spirit of the invention. 16
CLAFS ™ An 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 Qvhich ¢aRASEARIEMR ¢ e pislorrdRathe orbehstgngion
90t GAMRARIAE P RACK VT e ERTROYONnaRIARIG (81 e |
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 hydraylic pump; and means

e
for releadably chUplifgHABRY dRRliCtinediind £ EeHu HRSvIsempRnent
beginiszeaneaterkte thaicaBnaReRENRe 8lBABORLEMRRINSocking

hydraulic pump to generate hydraulic pressure which, when the body is
cBtfiteted 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

releasatfly configetabtedtion deplafetitrdeyivddectnaldb il comprises a

first axial bore through which well fluids may be communicated.
g, 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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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 comprising a control unit for controlling the operation of the

motor. 1.,4. T ctuation tool gf jia ﬁn herein the control unit is
mctvaieh by comio R B S Hont CURAL 2 Lo g Power
astuatiofotablecohaaim 4, wherein the control signals are transmitted over
a cable which extends between the surface rig and the control unit. 6.

The actuation tool of claim 4, wherein the control signals are transmitted

whrelessiufromithe sbHaRGf9001 B ERMIFON ST erthie AeyRRRD 100k e

claim 1, wherein the component comprises a THRT and the mechanism
copmppidessahaditernlic locking 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 bors, comrhgnigatasivith dosesnd anial bprasmbielhextendaterough
the component. 10. The actuation tool of claim 1, wherein the body
cORpRESY e bgtbpdlirface 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 tompridbs aqioppet vehlexfi8a1d Theveettgitidhddolriglanritkle
fu&her C mprisingFﬂ power, source for the motor. 14. The actuation tool of
c

ARERS Q&R tHEHAMRL G s o HeBhn brisonaesiate ). A PoFry supply
agfbaiianoal Rireiain k4. wherein the battery is

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 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
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 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;
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supported on the body. 16. The actuation tool of claim 15, wherein the
battery is trickle charged over an electrical cable which is connected to a
power supply located on a surface rig. 17. The actuation tool of claim 13,

wherein the po rsource locate g? rface ri |s con ti d to
the motor by alt BRETIC LA S8 A ERGGEIY b 0t
Esmmg 19U EHIRA) fatrinatalingnd tuRinthpageerd weliheadine tﬁﬁ)ﬂ'fg

e THRT comprising: an elongated body which includes a first end that is
paias tadiecwieliieadibing hanger and a second end that is connected

to a running string; at | ast ir tan secon ckin |stons which ar
each movablyt\gglpp% rte % H%a 1(ﬂl‘gltaer(;a ele %E:allc OPRTaEE i Teast
acheadecloicalavdngagach of the flrst 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

engageqgvith arfirst19eking e vieito Fecuis g Pagy Qe uliNGt tator

hanger; 19 wherein in the second locked position the second locking
pmpm@hg'a@afdtmthcarsemnwtommudancetmiséciarethlaeﬁuﬁu rgcking

hanger to he wellhea herein the rlcall operated actuato
R e Al R By e RIRc M S bl gkineg
et@in the electrical actuator comprlses 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 1.9, wherein

each of e firs{ e $AEPSH SRR MAKYER SOBHSS A RN ond

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 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, 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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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 18, further,c jsing.a,power, soyrce . for the electrically operated
actuator'3. TRESTHER b SR 2 At B BRRPE SRR o ALl
adypitenyfR4 ThartHRIoahelaim R3hlpsein dimbapanLid SURRAses am
the body. 25. The THRT of claim 24, wherein the battery is trickle
cﬁ]é?l‘éélﬁ glean electrical cable which is connected to a power supply
located on a surface rig. 20 26. The THRT of claim 22, wherein the power
source is located on a surface rig and is connected to the electrically

operate@actuaibrebYHR Eleftclaivai8, Zurthbe ddtkdlisihgaind@rflirthet
c%glprising control unit for c .r#]rolling the ﬁperation of the electrically

o SERHr SIS ERC SPSHLORGRIPG LSRRy ORSFAIR AR MBHRFol unit is

activated by control signals transmitted from a surface rig. 29. The THRT

of claim 28, wherein the control signals are transmitted over a cable
which ext®&nds beevEER thefstldane vigveiner eiie tho noratrohienB0is Riet VRARIT

o] clgg)mtrz(%,svlvhea{lei%g%% cgmétrﬁ%s(i)g?glg u% acér?psmitted wirelessly from
the sifface n&?o thé COI’I’IIEII‘gI ni &

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

transmitted wirelessly from the surface rig to the control unit.

21



