| Decenber 2006 SUBSEA WELL ELECTRI CAL CONNECTOR RELATED APPLpetéhiPdr Bvios
application clains priority to provisional application S.N 60/418, 582,
filed October 15, 2002. FIELD OF THE I NVENTION This invention relates in
general to subsea electrical connectors and in particular to a connector
for connecting electrical power to a subsea Christmas tree. BACKGROUND OF
THE | NVENTI ON One type of subsea well has a Christnas tree | ocated on the
sea floor. The tree nmounts on a wel| head at the upper end of the well and

has val ves for control | i S§BSEA Wil ELEGTRICALC GTORd fl ows upward
through a string of production tubing that is suspended by a tubing

hanger. In onmit'mﬁf Reaaronee, the tubing hanger lands in the tree,
Downhol e tenperature and pressure are useful paraneters to nonitor. This

normal Iy requires pressure and tenperature sensors |ocated at the |ower end -

0C8 e
of the string of Thisiapplication elsires prierity touiprevisionab amdicaliongd. £9/418682.ubi ng
to the tubing [y IS, WM re connects to an exterior wre that supplies

TR ks 2

vol t age and €ssure and tenperature. The connector between
the interior and the exterior wires may be |ocated at various interfaces
of the tree. PIELDGETHE DOWVENTION has a | at eral'ty—novable-shuttle menber
nmounted in the sidewall of the tree that is renotely actuated to nobve into

engagenment with an ectrl.cal tact i [ QEF' . per
end of the interi O}ﬁémzﬁ%{nhé?erg relgcigil é%e%éggﬁgg%ugng&ﬁgﬁho e&gorrée%gﬂgg needed
for other pupgtiadsr:toaucineassr foncompwing ekgtrial ivec tord sibibeadihinivenasitiob.e  punp.

SUMVARY OF THE | NVENTI ON The wel | head assenbly of this invention is for use

wi th an outer : an upper end of a well. The outer
T A O |

wel | head nmenb

One type of subsea well has a Christmas tres located on the sea floor. The tree
mounts on a wellhead at the upper end of the well and has valves for controlling the
well fluid. The well fluid flows upward through a string of production tubing that is
sugpended by a tubjng hanger. In one type of subsea tree, the tubing hanger lands in
the tree,

Dowithole tomperature and pressure are useful parameters to monitor. This
normally requires pressure and temperature sensors located at the lower end of the
string of tubing. An electrical wire extends alongside the tubing to the tubing hariger.

~ This wire connects to an exterior wire that supplies voitage- and monitors the pressure
and temperature, The connector between the interior and the exterior wites may be
located at various inferfices of the tree. One type of comnector has a Jaterslly
ﬁovable shuttle member mounted in the sidewall of the tree that is remotely actuated
to move into engagement with an electrical contact in the tubing hanger at the upper
end of the interior wire. Electrical wires lcading doﬁnhole are also needed for other
purposes, such as for poweting an electrical submersible pump.

SUMMARY OF THE INVENTION

The wellhead assembly of this invention is for use with an outer wellhead
member mounted to an uppet end of a well. The outer wellhead member has a



i | Decenber 2006 sidewall defining a bore. An inner well heafl pueafser RV
in the bore. An electrical connection outer nenber is nounted in a passage

formed in the sidewall. The outer nenber of the electrical connection has
an inner end and an outer end, the outer end being connected to an exterior
el ectrical conductor on the exterior of the outer wellhead nenber. An

el ectrical connection inner menber is mounted to the i nner well head nenber
and connect ed teldawalﬁd@iﬁumg)zbwb.eamrmmlwenbndwﬁlﬂer1@%%5&&egﬁ|‘3@gﬁﬁh in
the well. The L OV gfonn‘g é&%@%an outer. end that is novable froma
retracted positroRtH G BBy ingrpassige fosmed inchp Sdﬁ@dgemoutw th

the inner end ofnetdber @meeleemem%nne@ﬁﬁfﬁs%ﬁ'meﬁeﬁ %:Efa%' teﬂé‘ttgé mﬁgr Der 1S

| ocated at an |i;|ner end of the inner The tera

| ateral |y movabP@2§ Spmiseird ‘Poa‘hﬁxt&ml‘se]@ﬁm@a&ewndum onwiel erertbrnEfriber ovi@r

novi ng the i nneweMEERflendheom the retracted position. An axial actuator
menber extends axially upward fromthe | ateral actuator menber, so that

axi al nmovenent of the axial actuator nenber causes the | ateral actuator

nember to nove | at eMIdWGBRP@Eﬂ@Eﬁ(Eh&Tm%@%TWW WeSinhibe walnaH
features believ eri t.h ent on are set forth in

t he appended C|1§%E&#ﬁg8%%§]§ ﬂ%&%@%‘éﬁé 8 fo eqiinansst ifiber ed
mode of use, f\lsiell h'&lembqremmﬂ)eahﬂs @cbu@dabﬁcg&ati%mwfa fmmdietrQ&&i Rion to
under stood by r S‘E‘%@ﬁf‘{xﬁ’g foI owi ng detajled description o an
illustrative e PagHeR 1 Sﬁﬂ‘? engf‘&%}‘%@’i‘tﬁélﬁwqf nd picthe ewtarmpentyerng
drawi ngs. Figure 1 is a cross-sectional side view of a tubing hanger |anded

within a horizont aIPrefbmbly 4 IeerdluRina®r ARMRF ise06ktéd RCan AN RIS

connectors accordl‘%eg E’IE avlgnventlon the left side of the flgure sﬂowl ng
a tubing hanger™f t@e Eehaenb is dpterall mavable relptiveatodns exiy agdie jmmsi t i on,

the right side vafihtdiamétiguiter HEWNE 1he idrdPmerber from the retracted position. An axisl
actuator member estends axially upward from the lateral actuator member, so that

axial movement of the axial actuator member causes the lateral actator member to
move laterally.

- BRIEF DESCRIPTION OF THE DRAWINGS

' The novel features believed to be charactenst:c of the invention are set forth in

| the appended claims. The invention itself however, as well as & preferred mode of

‘use, further objects and advantages thereof, will best be understood by reference to

the following detailed description of an illustrative embodiment when read in
conjunction with the accompanying drawings,

Figure 1 is a cross-sectional side view of a tubing hanger landed within a
horizontal tree, the tubing hanger and tree having wet-mate connectbrs according to
the invention, the left side of the ﬁgure showing a tubing hanger locking sleeve and
the comnector in a dlsmgaged position, the right side of the figure showing the
locking sleeve in an engaged position.

Figure 2 is an exploded isometric view of the tubing hanger connector of FIG,



| ocking sleeve in an engaged position. Figure 2 is an expl odeq pexeiidr 2006
vi ew of the tubing hanger connector of FIG 1. 2 1 Decenber 2006 Figure 3
is an enl arged cross-sectional side view of the connector of FIG 1, the

connector being in the di sengaged position and positioned adjacent a fenale
connector installed in the tree. Figure 4 is a cross-sectional side view of

an alternate enbodiy h nnector_ of .t.he.|nvention, the.\v

showi ng t he connec?;g?yﬂ % %q%“%ﬁ‘?%fﬁéﬁg‘re‘l’aﬁ ??8@?‘[4 Blﬁ?'%el‘yi ‘bﬁﬁ%"%m’ie%“’%"f Hd Y,
cross-sect i onahe shitecier deingfintthe divehogedpoditiaf akd Gosidoneih@ljace@nneshas bei ng
shown in an engaged and | ocked position. Figure 6 is a perspective view of
a | ock used t &opEcly ipstalied miBetrefonnector of FIG 1. Figure 7 is an

enl arged view of a section of the lock of FIG 6, a portion of the |ock

bei ng renoved, Fi ggig%r@ﬁi i5 PEofNeMider sigs Qs %ﬁ%iaﬁt&%hte?’énﬁ’dﬁdﬁﬁenrt he thd €€
e

connector of FIG 1,7 the lock of FIG 6 retainin ock in the tree.

DETAI LED DESCRrfurpiorofihe iyenfan/bviconshpwing the eqyaepsordn e distrggesdpagision 1
| anded within a horizontal tree 13, each being concentric about a vertical

central axis 14. Apfupnkng o g és—s%g’tfdﬁﬁﬁ sile RicH BF tﬂe%&@@d‘xmeﬂt%* ARG RS

vertically for setting a |ooking sleeve 17, sleeve 1/ bei'ng used for
| ocki ng hangestustor heing showndn am\engagstang deckedpositfonpi st on 16 contacts an
upper portion of sleeve 17 and exerts a downward force to nove sl eeve 17

from an upper, dis [ L -Eww i s of
FIG 1, to a Iomr?&g%gg%e%lagg%#{tl%ﬁ, @%&E@B?ﬁ@%ﬂ&@ﬁ éeg‘:trnltﬂgﬂ'?'l {%If of
the figure. AF¥@al. 18 is installed in an upper portion of sleeve 17 and a

cylindrical skirt 19 depends froma | ower portion of sleeve 17. Skirt
' Figure 7 is an enlarged view of a section of the lock of FIG. 6, a portion of the

lock being removed,

Figure 8 is an enlarged cross-sectional view of the free commector of FIG. 1,
the lock of FIG, 6 retaining the lock in the tree.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a tubing hanger 11 landed within a horizontal free 13, each being
concenttic about a vertical central axis 14, A rumning too! 15 has a piston 16 that
teciprocates vettically for setting a locking sleeve 17, sleeve 17 being used for locking
hanger 11 1n free 13. A lower portion of piston 16 contacts an upper portion of sleeve
17 and exerts a downward force to mox}e sleevé 17 fiom an upper, disengaged
position, which is shown in the left half of FIG. 1, to a lower, engaged position, which
is shown in the right half of the figure. A seal 18 is installed in an upper portion of

sleeve 17 and a cylindrical skirt 19 depends from & lower portion of sleeve 17, Skirt
19 has a cam surface 21 for moving dogs 23 outward (away from central axis 14)
when sleeve 17 is moved to the engaged position. Dogs 23 are moveably carried in
hanger 11 and have a groove profile 25 on an outer swrface for engaging a
corresponding groove profile 27 in bore 29 of tree 13 when dogs 23 are moved
outward. Hanger 11 lands on an upward-facing shoulder (not shown) in bore 29,
which supports hanger 11 and prevents downward movement of hanger 11 within tree



19 has a camsurface 21 for noving dogs 23 outward (away fromy ¢riye F?Hd%
14) when sleeve 17 is noved to the engaged position. Dogs 23 are nnve
carried in hanger 11 and have a groove profile 25 on an outer surface for
engagi ng a correspondi ng groove profile 27 in bore 29 of tree 13 when dogs
23 are noved outward. Hanger 1l |ands on an upward-faci ng shoul der (not
shown) in bore 29, which supports banger 11 and prevents downward novenent

of hanger 11 wi ?'h.lﬁ%ogsr%?eengagﬂnge Décanthomn2inOfe riiht siBo oS tR3AARE G rbIRE 13,
as shown in thg v%% thm}l%? i“’g‘g‘ﬂﬁ’? hﬁ prevent upward novenent of
hanger 11 withih tree { Snrtector 31 is installed in the
sidewal | of hanger 11 prior to hanger 11 being |anded in tree 13.

Connector 31 is sho#n qlﬂwﬁldahcmims&mgmﬁdmﬂ@&dtm%e sidBwiiner hﬁig%r $ ﬁo FI G
sleeve

1. As runnin f.or I 17 downward, a | ower
17 contacts gn}l%%gr g‘Pb %‘33661? g%r ésmma%e $Hevadp fhemepgagethpmanginy and
vertically carii ﬁd luﬁ bide Bf FEGOET A%l‘unn]}ihetobPY‘?Eorg%%l&fve rlﬁ%owﬁp@%lr Bﬁg@%ﬁf;g?y

to a mal e bl ock r},a engages a fenmale bl oc
and hori zont al PRFie% % glaevgi 4 Gentestyi &y upper nncha‘ﬂgef 4l tod A5¢aodust Gkiggi N 43

extends from feb®rd2ul fo reI y recessed W t hin
cavity 41 when IEli?f)nnec o?lw?j:’L&ﬁs amneaqxgm%?ﬁ%%&hfp%g‘f Qh endrpf tod 3

posi ti oni ng ofcopnepteido ganale bbclhéhtj;retrengdgcs adertide bmwew;dvmmlgrgcréf %w t hout
damagi ng pin ode ric . viewof th onents of
connect or 31. 4“?‘%‘&’!”%&@# éﬂr%[ho\“ %4131“'55??% HorA P%@F&orpm 43mH§erds hol e
45 in upper surdmadhe dﬁtemurfnaé efbhbk)ek afd i is bitirblyV@eksEcdl withid % é,e Qgated on
opposite Iaterallwrtggz1 ck 37 for %% |ng corresponding.gro \%s 51
in femal e bl ock iR % 8 %@PBFIB% S peRstigming of pinm 43 parmil hemeer  and
slide within driaetelhvhied iaiddre 18 With6st dmh 5@@%@5 93 of block 37 slides

agai nst corresponding inclined surface 5 ted between grooves 51,

FIG. 2 is an exploded isometric view of the cotnponents of contiector 31. The
lower end of rod 35 is sized for insertion into a hole 45 in upper surface 47 of male
block 37. Mmoclined rails 49 are located on opposite lateral sides of block 37 for
engaging corresponding grooves 51 in female block 39. As rod 35 moves block 37
downward, rails 49 enter and slide within grooves 31, and inclined surface 53 of block
37 slides against corresponding inclined surface 55 located between groaves 51,
Downward force passes from sleeve 17 through rod 35, into block 37, and from
surface 53 of block 37 to surface 55 of block 39, the downward vertical motion of rod
35 and block 37 causing outward horizontal motion of block 39. When sleeve 17 is
lifted, such as during retueval of hanger 11, upper edges 57 of rails 49 slide against
upper surfaces 59 of grooves 51 for moving block 39 inward (toward central axis 14
of FIG. 1) as rod 35 moves blogk 37 upward.

A pin mount 61 comprises the outer end of block 39, inner sutface 63 "
mountmg to outer surface 65 of block 39. Pin 43 extends from outer surface 67 of pin
mount 61, and connector 69 provides for cormecting an electrical cable 70 (FIG. 1) to
conduct electricity from pin 43 to downhole components suppotted by hanger 11,



Downward force passes fromsleeve 17 through rod 35, into bl Ofbe%Em@e’Fhoos
from surface 53 of block 37 to surface 55 of block 39, the downward
vertical motion of rod 35 and block 37 causing outward horizontal notion
of block 39. When sleeve 17 is |lifted, such as during retrieval of hanger
11, upper edges 57 of rails 49 slide against upper surfaces 59 of grooves
51 for noving block 39 inward (toward central axis 14 of FIG 1) as rod 35

noves bl ock-37 upwaridke BIGi h FiGI 8 aled sBOMDEBS0L BE 119‘1!15&?5 S{%Fé%f @1@0 K 39,
i nner surface - nggrb%#}n ﬁ%er surface 65 of bl ock ]5 ) ends
fromouter surfacg: g) P2 o sgleefed digireestfmm fyyn @@ uppenend eSrddds,
connecting an elegs ﬂﬂcﬁbwﬁgmbﬂn%&d(ﬁt%e RiekS ﬁgﬂg@ﬁ& I ‘Z%{SH Ci té% rom pin

43 to downhol e conponents supported hanger 350 ke
FIG 1, FIG 3tharehy limiine theompeament ofmd.sﬁ tolonlych mﬂgagﬂﬁemgll fabvsenBheeve

17 FIG 1) is |1 cte t he upper end of

rod( 35, sl) eevgle%l'%et ?rzwﬂnéﬁéégﬁs%agﬁfsfoﬁ OPhg’ g ggﬁk}é@ %ﬂﬁ?ﬁéﬂck

cont act i n]g {ﬁdswﬁe 7ﬂrmébbbly39,|pre\tenm Blbek M@jliaﬂﬁ] foél{‘pgd:%gs v

portion o e eye n the di sengage p05| ron,

| ock surface 75!8\%#‘“'%‘% %‘?Paﬁﬁgg&?é’eﬁ‘lfiw%%&rsﬂ%é 72 pang bliwikotkcBSes block .

preventing bl oBXktBRotd Qitwird\(totle %tﬂ’ﬂfe(hguféz 8{1@ uﬁ‘% 5§3 %1 §g§ “@Eﬁﬂorlggcr
I'oC o)

surface 71 noves, bel ow | ock surface 72 cau

move outward (Fef FETace f3 of hloplnd”.t Atilis@pintritedk Fieofitmes Glaviak doastrdiR noves
f d . {
el g donnvar PaEs Endhs ualin? Guubad AkBedP B yobl 97 ikt Slperbions of

novi ng downward as
bl ock 37 sl i di Hgfeeeifhebblock 3% kThls poaimnmgmcksfbmkwlﬁna& oulWird pRGifibA 2Hi NY

| ocks bl ock 39 |l ete_installation of hanger
11, piston 16 0 r%n%‘qﬁlg& % tsli’qut?‘ég‘s g’?ﬁgg‘%é%lﬁ is kitedo ord lovking nai ns
in the dovmmaraﬂeqmé?tmm thejdmvm@rd Etzoi;»“'ash'&n‘m tBGirgv;g 8 e
retains rod 3 ir gég war d osglttlons WIloc Frﬁ‘gsé%gck 39
inits outwar | pcama plo te
S‘Ja’% 1B 35 260 bk g%ﬂwy decling block 3% itnd

connector 75 igutward (posmon to move pin 43 into engagement with a ferale conpector 75 in tree

s .

Referring to FIG. 3, a female wet-mate conneofor 75 is mounted in the
 sidewall of tree 13 for receiving pin 43 of connector 31, and hanger 11 is landed in
tree 13 with connector 31 vertically and rotationally aligned with connector 75. Lock
76, shown in FIGS. 6 through 8 and described below, retains connector 75 within tree
13. Conuector 75 may be of various types. In this embodiment, connector 75 is
mounted with inner seal 77 approximately flush with bore 29, with igner seal 77
: gdjacent an outer seal 79 in cavity 41, Pin 43 passes through outer seal 79 as block 39
moves outward, and then pin 43 passes through inner seal 77 into receptacle"SI of
conductor assembly 83. Receptacle 81 and conductor asserubly 83 are formed from
an electrically conductive material for conducting electnclty from electrival cable 85
t_hrough conductor assembly 83 1o pin 43. The electricity passes through pin 43 to
cable 70 to power downhole components (not shown). Though shown with
connectors 31, 75 in FIGS. 1 through 3, the copmectors may be of various wet-mate
types, for example, the comnegtors of the alternative embodiment of the invention,
shown in FIGS. 4 and 5. A flexible bladder 86 surrounds receptacle 83 and is filled



13. Referring to FIG 3, a female wet-mate connector 75 is no '
sidewal | of tree 13 for receiving pin 43 of connector 31, andvhlﬁae%%g#%ftli@ss

| anded in tree 13 with connector 31 vertically and rotationally aligned

wi th connector 75. Lock 76, shown in FIGS. 6 through 8 and descri bed

bel ow, -retains connector 75 within tree 13. Connector 75 may be of various
75 1s nounted wth inner seal 77

types. In this 'ﬁﬂbﬁ%ﬁrcmm’ connect or

appr oxi matel y g ¢ &sbr dho oxteripn of hlpdder 86 baexpddd tadiydeetatic Bresdiug er

seal 79 in cavwithin Hoke 280bPiréh3 gﬁb‘ﬁ#te . seal 79 as block 39

noves outward, and then pin Xgﬂ%%g%tg?%ﬁaou %tﬁﬁfﬁﬁ‘ﬁ%’r?w I nto receptacle
81 of conductor assenbly 83. Receptacle 81 and conductor assenbly 83 are

formed from - an el Beferingdp FIGS dribiogh §,aluning instalitidhort hbangabirna, hAkL i city

fromelectricgle. - h ductar asseppbly, 83 to pin 43. The

electricity pgjggg%%%‘r”g%%%gﬁsg&g%“f%% 8%%?’8‘11?%3? gpﬁéﬁtﬂkﬂﬁp’iﬂﬂpglﬁnﬁponent s

(not shown). Wruogtal dhowh Frdel3 & ahenciatiog a'ﬂa,sugs'_%ai%llﬁéﬁ@s'Cot%HE&&Oﬂg 3, the
e,

connectors nma f various wet-mate types, for exanp e connéctors
of the alter néf{%g%&)’@r%wgﬁﬂfthwﬂtmemﬁﬁ?@?ﬁeéﬁp ele¢iivah cable 70,@8d roll 3@ 5, A
f1 exi bl e bl adbhetall&binHabERUN G 186 lefted Inl h&i9 1102 cember
2006 with a diglectri cggel . Th% ?ﬁ%ﬁ%?ﬁﬁi%ﬁﬁ?&g@éﬁ@%ﬁfélog&bggg)&?e{o

hydrostatic pi@s&lresagsstthe Autpord ofpind3 to prevenBwalenbr etbérsdoBtapiinadfs figg ' UNNI NG

t ubi ng hanger gtk { n QIE'E% 1,. ugh .during installation of

t ubi ng hanger 11, gng?nat gi' \%e - mal ggg‘gnln.}egé g?n%%ﬁ ésdll%‘:}wf?e%“cwe{ﬁosém@etri cal

cabl e 85 and 4o88¢aanéblogk BA of soncdier Bhbeihg i inper, dlserdsb @R poditiond. is then

i nstall ed at : ectqr 31 i install'ed in cavity 41 of -

hanger 11 an c%m% e‘gﬁ%%%@glm@;ﬂfmﬂﬁﬂa apg fpndesl gusa shopldenl | ed i n

hanger 11 wi t(hott stewind s born2b. ofPistar 18 ofiriasnd @bl i18 YL lpélwflﬁ%e fprer
er

seal 79 engaggs.the outer end of pin 43 to prevent water or o
cont am nant s F@mm%eﬁ?irf’% b 2L Pt At 1R forsexdogy 231 cotwasd tq engagbproglr 11 i
held in an upfeftRe$s.t AfSE sleeve 17 travels downward a selected distance, skirt 19 contacts

upper end 33 of rod 35, rod 35 then moving downward with sleeve 17. Rod 35

pushes block 37 downwatd and info contact with female block 39, rails 49 of block 37

sliding in grooves 51 of block 39, Surface 53 of block 37 applics force to and slides

- against surface 55 of block 39, block 39 moving outward as block 37 moves

downward. Block 39 mmoves outward until surface 73 slides adjacent surface 74 to

lock block 39 in the outer position. Pin 43 moves through outer seal 79- at the outer

end of cavity 41 and enters connector 75 through inner seal 77. Pin 43 extonds into

receptacle 81, forming an electrical commection between cable 85 and cable 70

through connectors 75, 31. Installation of hanger 11 is completed by lifting piston 16

of rurming too} and retrieving ruaning tool. |

-

To remove banger 11, running tool 15 is lowered to the subsea installation and .
into engagement with tree 13 and hanger 11. Piston 16 lifis locking slesve 17,
allowing dogs 23 to move inward out of engagement with tree 13. As sleeve 17
thoves upward, rod 35 and block 37 also move upward. Upper éurfaces 57 of rails 49
slide against surfaces 59 of grooves 51 for causing block 39 to move inward, pin 43
moving out of engagetment with connector 75. Hanger 11 can then be refrieved from
within bore 29. -



dogs 23 and bl ock 39 of connector 31 being in inner, disengag¢gphdeepid 6
Hanger 11 is lowered with a running tool 15 into bore 29 of tree 13 an

| anded on a shoul der (not shown) in bore 29. Piston 16 of running tool 15
noves | ocking sl eeve 17 downward, and cam surface 21 of skirt 19 forces
dogs 23 outward to engage profile 27 of tree 13, After sleeve 17 travels

downward a sel ect ed Ansitema, enfeiiient 3f ;s supper e 3, of rod 35,

rod 35 then nov%i%% downward with s[eeve&%%@ﬁ%ﬁ?ﬂn ?g%ﬁ'ﬂslﬁre}g(;gi eprd 37 with

downward and in WPRFPSPRIiEe b | tox luuBBersr of |shnifk® Qfmﬁ%?;&ﬂl‘ 37 e
ppl1es Tofce to

sliding in groossodkhedf Surf a 3 of block 37 a
and slides agajnst sirf%fgi;@?é Ig?u%‘f%gc% g@'bilﬁ 5391 g \shogn danded rwittds

bl ock 37 noves LogBoRfakites. 138 Riiok tBstliaiea o HhNRF i1, il l:on%%trnraf‘_ﬁiigi;f%lj_]%%es :

adj acent surfagg l.qck bl ock.39 in {he outer positron. ves
t hr ough out er ﬁ%f‘}%g%e{ I?hgon&?ﬁtgrrl e FRpuRsISINgaipit 4354 aknblogdn 1 87 Snd @ARESt OF
75 through i nnddocked}?. 7 7BloBlsn 128 B9t ffdgeti At ptacl.e .81, formng an
el ectrical connpgetion ﬁ t\/\e@ %abl e 85 ang’ﬂcglglé&?’%%) aﬁﬁmﬂ‘iﬁkﬁ%&%&t s 75,
31. Installati GRCGPICY g%*fm eV oRpd &35 forcell idbwviwardrtyssane 16 (Fﬁf, %nni ng
tool and retri pushivp bloaniIvY 4 Tas-enove hanger , runni ng tool S
| owered to the. f?légi a instal Igti:l)‘ilw'(')rrﬁ1 aglﬁ i%@@?ﬁ%&&ﬁéﬂqﬁvﬁﬁ% ilsel4930fand
hanger 11. Pi sp 7P$tﬁ@dlﬁbékwtgi@melﬂﬂofblaéﬂW,Q:ﬂlﬂl?ﬂt?egs%é%t”}a}Ve
i nward out of Q{@@g@%ﬂ,ﬁ_@cé é%s?@ As §I eeve 17 ~noves upvard Fod 35
and bl ock 37 alléi? rmvgblupwar ) {%S okt L3¢ aroviey desynyasdl,  reilsalsto antlisnfacagai nst
surfaces 59 of 'y evessbledk I3 toqavm MW A6¥ard D FoliallONGrdpvand,. pin 43 '
novi ng out of @é}gﬂggﬁ@& Eﬁthg%‘g&%c_tor 75. Hanger 1%%%’2%@@@ﬂﬂé¥lri eved
from within bore 29. 6 i et %@@mm@@@pﬁﬁmmaMMimaﬁsgmehe
i nvention is st&vin theenghgel.and 1ceRel Sosi 1t I, gk n ers corresponding to
t he nunbers Ofoﬁ:ilowciklgﬁ con&ao ent s %ﬁ‘%ﬂ“@ﬁ@%@?&ﬁ‘ijﬂ%ﬁ%%@ésmf%ﬂ%gh 3.
Tubi ng hanger 1S SHARAPECARAE PRt 73 of block 139 for preventing black 139 from

movitg outward. In the engaged position, look surface 173 of block 137 contacts Jock

surface 174 of block 139 for preventing block 139 from moving inward.

Pin mpunt 161, from Which tubular pin 143 extends outward, compriges the
outer end of block 139. Pin 143 has a tubular body 187 that encloses a receptacle
189, receptacle 189 having a chamfersd outer opening 191 for guiding a
corresponding pin within conmector 175 into receptacle 189. Reéept.acle 189 is
comnected to electical cable 170 for conducting electricity from commector 175
through receptacle 189 and down cable 170 to downhole cornponents,

Connector 175 is installed in-#ree 13 prior to installation of tree 13 at 4 subsea
Iocation._ As hanger 11 is landed within tree 13, connectors 131, 175 are vertically
and rotationally aligned, allowing for pin 143 to engage connector 175 as block 139
moves outward. An elastomeric, ring-shaped piston 193 is movably carzied within a
bore‘ 194 in connector 175, pin 143 of comector 131 comtacting piston 193 for
moving piston 193 outward with pin 143, The diameter of bore 194 is sized to
Ioceive the outer diameter of body 187 of pin 143. Piston 193 is biased toward bore
29 of tree 13 by spn'.ngs 195, and retaining ring 196 provides an inward stop for piston
193. A pin 197 extends inward from the outer end of bore 194 and through the sentral

7



horizontal tree 13. Prior to installation of hanger 11, nale §¢e réﬁ%b
Is installed wthin hanger 11, connector 131 conprising rod 135, na e

bl ock 137 and female block 139. Blocks 137, 139 interact in the manner as
bl ocks 37, 39 in the enbodi nent descri bed above. Rod 135 is forced
downward by sleeve 17 (FIG 1), pushing block 137 dowward and into
engagenent with block 139, Rails 149 of block 137 enter and inde W thin

grooves 151 : . cls | |nst
surface 155. &k’g%ﬁ?ﬁlﬁ%@%ﬁgé\}%&sﬁd{) Sﬁ%q}ggné@gg el%"%ﬁ %Ilg’g g3 causes
bl ock 139 tocunmmemmtcmnﬂtﬂh?eaymdn a98 emrhhmmmd&@ﬁ@rpolﬂtﬁl 19 hakloadogn .tree
13. FIG 4 SE}’ ock 13 I.n, t]gg g gaggqﬁn[posltlon and FI G shows

bl ock 139 iP7HHYE %’é‘ﬁﬁeeﬂ? Sby 194y Eip @3? °rmﬁe$%méﬂ§6%@§%@9m§smlon

| ock surfaceﬁaym #ld B Qekecled/ toCHBRRS chﬂ&‘iﬁ%ftﬁ’éﬁuty end ForPlcRftrihg® T or
preventing bl ock 139 -from noving outward. In the engaged positiony |ock
surface 173 @ectiititydkom apowemtopin 9% ock surface 174 of bl ock 139 for
preventing block 139 fromnoving inward. Pin nmount 161, from which tubular

pin 143 extends ifbtalROGR0 B 11 Cconfithir1 75 ehnRludl 9 e 12 %m@y8 193 Do

a tubul ar body 187 that encl oses recep rece havi.ng a
chanf er ed ouhenr installed aya soifsed M«rellgLﬁf@m:gmalSIcrsnandnnhhaggepllm id thien

t 17 t 1 R | t
clectri oa el 5 BRER B oo 1 58 ERRinaTeg 5 il LG RBBERE ook B ¢ v ougn
receplt ?c:je Jfaﬁfamdloiilhmg sheziod ammi o) flﬁ:ﬁﬂdﬁ&&ew@ﬁﬁp@ﬂﬁﬁgt@? anﬁ,gﬁio% 175 is
installed in -tree I 0 .i.n i on r at a_subsea
| ocation. ALORENGE: éi‘? ég)lﬁgﬁﬁéﬂ ‘% f:ﬂ %’ éBiofﬂh“'égﬁﬁ@%F‘Eﬂagmiﬂm"WS are
vertically 139thadQiupthéeRN3B] Y5RkEGHE %auﬂ legupd 6lﬁerf eﬁusﬁgrbla@ﬁsotoeﬂaewe

connector 175 as bl ock 139 _noves 0 An el astomeric, Tri ng- shaped

pi ston 193 |°§Wal@lsypl%é4?f?fé@nﬂﬁ°@%Iﬁlaﬂﬂvﬁ%?@WMOWﬁfddbﬁﬁME@}P@W@p, pin 143
of connect orgptdilis GRER Qﬁ'ﬁ}s%oﬁt&%sxgi%ﬂ'lﬁ'ﬁaﬁﬁégﬁﬁ éxggﬁktt@g@rd W th

pin 143. The dianeter o bor 4 IS slze recerv anet er
of body 187 18% qyitwr443'l’hwurmvomem9mve§ Mistars 483 toviveardl throngh bae 4 amdee 13 by

springs 195’coﬁﬂf!;s§e§tsﬁﬁ£ﬂsn@5r 199 A9 %nRECYIG94 3P ohiELE 154 %p f97pois ton

comnector 175 enters receptacle 189. Prior to engagement, piston 193 seals against

the inner end of conductive portion 198 of pin 197. As piston 193 maves inward,
conductive portion 199 contacts the inside surface of receptacle 189, providing a
conductive path. from cable 185, throngh pin 197, into receptacle 189, and out throngh
cable 170.

To allow for subsea installation and removal of commector 75 (FIG. 3) using a

. remotely operated vehicle (ROV), lock 76 is used to retain connector 75 within the
sidewall of tree 13. FIG. 6 shows lock 76 assembled and read for installation, Lock
76 comprises two opposing clamp sections 201, 203, each having an internal recess
205 for forming outer lips 207 a.ud inner lips 209. Clamp sections 201, 203 are
pivotally connected fo each other at hinge 211, and a bolt (not shown) is inserted

- through hole 213 in hinge 211 for mounting lock 76 on an exterior surface of tree 13.
A wedge member 215 moveably engages ends of clamp sections 201, 203 opposite
hinge 211 with ramps 217 formed on surface 219 of wedge member 215. Ramps 217
lie at an angle relative to a plane bisecting hinge 211 and wedge member 215 and
engage correspouding slots 221 (FIG. 7) on olamp sections 201, 203. A threaded




193. A pin 197 extends inward fromthe outer end of bore 194 fmdcebieiBbos
the central 7 1 Decenber 2006 portion of piston 193, piston 193 sealingly
engagi ng the surface of pin 197. Pin 197 conprises a conductive portion 198
and a non-conductive portion 199, portion 198 formng the inner end of pin
197. Pin 197 is sized for insertion into receptacle 189 of pin 143 and is

connected to electrical cable 185 at the outer end for conducting

el ectricity froshz 228uheadiitgy pmgagé.@ﬂedg@hfahﬂﬁr 21f3§ﬁlﬁl’t|2QB beflg AltaBRBYSI ROV
which is then |ns§a | ed at a subsea

connector 175 isg, | ed in

wel | . Connect or tl%gﬁl? 22 ﬂgtaﬁl"lug’& epdh o ﬁé‘ﬁ‘&e’rﬂllﬂc}aﬂds@h‘éw off Aregends lof clagp

| anded wi thin t §@HodsD0IS20B0 wad e‘&ﬁ&hﬁ@ztls)ﬁém?b 0

forces a | ocki nggsl eg-ve é%:gé&@% downwa év?lﬁlr%lhﬁo%gl%g%%%{;}gfgg #]8tlsnove
downwar d. Rod 13% HeEiHEW th@mmgiwasmnp&ﬁﬂﬁ(ﬁ‘lﬁ E¥aii¥ife singbigira@ive
grooves 151 a ﬁ?ces 153, 155 sliding agai nst each other, causing

bl ock 139 to nove® out'ward. As pin 143 of connector 131 noves outward
toward the engaged position, - which is shown in FIG 5, pin 143 first
contacts piston 193 Referingts FGSt 6nnd dn ppesitivn, ask83R 028 Wabidied I insvd WM

123 ont er s bor SLTBHrAR SR APt b 22 ericonlt O rr%%%ﬁikfs‘i{dé%&éﬁmr? ’

receptacl e 189.22% pﬂbhﬁg)claﬂgamﬁmﬂm RO hisyat o¢ePhid & er
Asﬁgilégton 19 dﬂ?sapfltrtl\/iri%r%ﬂg

end of conductlv |§£r£098 of rﬁign 197.

conductive portq 28braV3de opeth ok 78 é@lwﬁﬂmlafﬁermbm@n E048%27,
providing a coppgust secBodaad(n, 1209 8 gﬂ;ho%g, p {
receptacl e 189, and outot rou E n}ceg%e%?el% éal‘q‘l'o al T ow lsff(?rl?m’ésda c’s’esﬂecl’Q %Vedge
instal | ati on arfgem éunvwd,cremma%lwm%d@ﬁp &cnans 204, 803 to pivetnoiveddyeach

aoval! of 11 Rt bR B R A R Tor

installation, Lock 76 conprises two opp05|ng cl anp sections 201, 203, each
havi ng an i nt'er nal ]F&.e% §h0WE connector 75 installed in tree 13. Comnector 75 is installed in

connector housing 231, the juner e_nd of which is then inserted into bore 233. A
flange 235 is formed around bore 233, and a flange 237 is formed on connector
housing 231, flanges 235, 237 having approximately the same outer diameter. Duting
installation, lock 76 is opened, as described above, and clamp sections 201, 203 are
positioned armmd flanges 235, 237. Lock 76 is then closed, with flanges 235, 237
 being located in recess 205 and lips 207, 209 securing flanges 235 237 together
Connector housing 231 is thus retained within bore 233 of tree 13, and connector 75 is
located for engagement by connector 31 (FIG. 1).

Several advaniages are realized from the present invention. A wet-mate
comnector and the actuating mechanism for engaging the connector are carried in the
tubing hanger, which is easﬂy retrieved for maintenance or repair. The connector is
actuated when the piston of the running tool moves the locking sleeve of the tubiﬁg
hanger into place, obviating the need for additional actuating components required for
a cotinector carried in the tree. Additionally, the connector int the hanger is locked in

. position when the actuating mechanism passes through its fill travel. A loek operable
by an ROV retains the connector in the tree, allowing for removal and installation of
the connector without having to retrieve the free from a subsea Iocatian,




205 for formng outer lips 207 and inner lips 209. Canp sect éﬁﬁ§
are pivotally connected to each other at hinge 211, and a bo t not sh

is inserted through hole 213 in hinge 211 for nounting lock 76 on an
exterior surface of tree 13. A wedge nenber 215 noveably engages ends of
clanp sections 201, 203 opposite hinge 211 with ranps 217 formed on

surface 219 of wedg quﬁer 215. Rapps 217 |ie at an angle relative to a
pl ane bi secti ng hing@1 %ﬂﬂﬁm%aﬂé org fgisribod m only ongaliigBres At epldrsi ng

slots 221 (FI er
2006 shaft Z%Pthr egdﬁggq%l%ﬁgia%g?ﬂégggsﬁg glfﬁltgdi]g’ﬁ?{gﬁﬁkfce@% bei ng
rotated by an f@uges withibdgegingrirem thatseopeenti st inyhation. 22‘3r eE:th:le?thes a

femved to showdarCrBRy w&fibhe Wit tpa Wnl o RRE ot @B o0

ranps 217 (Fl Gy @hyanadliapetoni mﬂm@oﬂﬁﬁmuem HedsitR hydratied ﬁfeéslufwb)i ﬂmFl GS.
6 and 7, in operation, as shaft 223 is rotated to nove wedge nenber 215
out war d (tomr’a’nﬁ‘&ﬁt@@rﬂé‘? E‘&gé’ﬁ%ﬁef 223, ranps 217 slide within slots

221, pivoting clanp sections 201, 203 about hinge 211 and spreadi ng apart
the ends of sections 201, 203 to open lock 76, This creates a | arger gap
bet ween faces 227, 229 of sections 201, 203, respectively. As shaft 223 is
rotated to nove wedge nenber 215 inward, ranps 217 cause clanp sections
201, 203 to pivot toward each other, closing | ock 76 and reducing the gap
bet ween faces 227, 229. FIG 8 shows connector 75 installed in tree 13.
Connector 75 is installed in connector housing 231, the inner end of which
is then inserted into bore 233. A flange 235 is fornmed around bore 233,
and. a flange 237 is fornmed on connector housing 231, flanges 235, 237
havi ng approxi mately the same outer dianeter. During installation, |ock 76
is opened, as described above, and clanp sections 201, 203 are positioned
around fl anges 235, 237. Lock 76 is then closed, with flanges 235, 237
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being | ocated in recess 205 and l'ips 207, 209 securing flangeg Ker 2006
together. Connector housing 231 is thus retained within bore 233 g} tree
13, and connector 75 is |located for engagenment by connector 31 (FIG 1).
Several advantages are realized fromthe present invention. A wet-nate
connector and the actuating nechanismfor engagi ng the connector are
carried in the tubing hanger, which is easily retrieved for naintenance or
repair. The connector is actuated when the piston of the running tool
noves the | ocking sleeve of the tubing hanger into place, obviating the
need for additional actuating conmponents required for a connector carried
in the tred™Additionally, the connector in the hanger is |ocked in

posi tion wheReliiad askrdl BempRehani sm passes through its fall travel. A

| ook operable by an ROV retains the connector in the tree, allow ng for
removal and installation of the connector w thout having to retrieve the
tree froma s on has
been descri be ?ﬁég%ﬁﬁﬂ%%@ﬁn#@r%iEE@%%@?&oﬁﬂgﬁ p %*%g%ﬁ?gﬁﬁq%% t hose
skilled HmvmgasEkWamHamnngabmenot so limted, but is susceptible to various
changes w thout departing fromthe scope of the invention. For exanpl e, the
conductor pin in the tubing hanger could alternately be stroked i nward and
outward by aahiyfi@kdniger a@s@ﬁm haviii€a RibHigHanEQ Wody BapSdRe b Ssbudddithahydr aul i c
pressure by the running tool for the tubing hanger. 10 1 December 2006

C ai ns: $ring afdthingathet lég%’\éeﬁﬂ ipto and dgsrdp &1 thg DO%h out er wel | head menber
adapted to be nounted to an upper end of a well and having a sidewall
defining a bore; a tubing hanger assenbly having a tubing hanger body

adapt ed t o be aselscirieal coonegtion outer electrical member having an inner end mounted in a

passage formed in the sidewall, the outer electrical member adapted to be connected to an

exterior electrical conductor on the exterior of the outer welthead member;

an electrical connection inner electrical member mounted to the tubing hanger body
for axial movement therewith and adapted to be connected to an interior electrical
conductor leading to equipment in the well, the inner electrical member having an outer
end that is movable from a retracted position to an extended position within the passage in

electrical engagement with the inner end of the outer electrical member; and.

an actuator carried by the tubing hanger assembly in cooperative engagement with
the inner electrical member for moving the inner electrical member to the extended
position after the tubing hanger body and the inner electrical member have landed in the

bore.

2. The wellhead assembly according to claim 1, further comprising:

a running tool for moving the lock member to the set position;

wherein the tubing hanger assembly further comprises a lock member on the tubing
hanger body that is moved by the running tool from a retracted position to a set position in

engagement with a profile within the outer wellhead member; and

HOUSTON1900427.1 11 o




string of tubing that is lowered into and I ands in the bore; 'PDe%b?rﬂiér'Zb%'ﬁ
connection outer electrical nmenber having an inner end nounted in

passage fornmed in the sidewall, the outer electrical nenber adapt ed to be
connected to an exterior electrical conductor on the exterior of the outer
wel | head nmenber; an el ectrical connection inner electrical nenber nounted
to the tubing hanger body for axial novenent therewith and adapted to be
connected to an interior electrical conductor |eading to equipnment in the

well, the inner electrical nmenber having an outer end that is novable from
'aretractedp t|o to an exten dpreeiltlonvm h|nthepsage|n
el ectri cal agfuRiRr PREes i Bnchigrtdsal pmbgife dhe Giteded pesitiondBnber ;

and. an a:sépeﬁge% tﬁéat{lﬁlhﬁgtotwmtob ttwlbagm@ﬁﬂa% RS EFRl6nl N cooperative
engagenent with the inner el EC?I‘I cal nmenber for noving the inner

el ectrical nmenber to the extended position after the tubing hanger body
and the inner electrical nenber have |landed in the bore. 2. The wel | head
assenbly according to claim1, further conprising: a running tool for
novi ng the | ock rrerrber to the set position; wherein the tubing hanger

assenblyf ther a lock nber on the tubin han jer body that is
moved by Xt r‘Yﬁ%‘P S’f‘%‘?s}ﬁyf‘?c(?ﬁﬁ%g ‘ipgcﬁar”ﬁ‘?t@" CISUE PORAPICOPPESES posi tion in
engagenment with a profile within the outer well head nenber; and

HOUSTON 1900427.1 11 0 1 Decenber 2006 wherein the actuator noves the
i nner el ect ri @diteibaabeionracrals seoriesie er inpesend Ahg inngrargmhesdhe Bterdle r unni ng

tool nMOViRgath ﬁg#r%}@#béﬂ%:g 'fallhf%(ﬁ]\}ﬁﬁleﬁaﬁn%' ah'aQ-of e tl}mﬁg %{\ﬂtg hﬁfﬁ? gosembl y

according to clal rei e actuator conpri ses: act uat or
menber sewamingitht ongnelegirieal nemdbenfromhke ietraged pesitiver theﬂaha‘al atwetaxl actuator

menber be| n teral relative to an axis of the tubing hanger
body for Wﬁ%“?%%neﬁﬁﬁoﬁdpé? e& I"“?ail menber fromthe retracted position,

the lateral actuator nenber having an inclined profile; and
an axial actuator member having a lower end with an inclined profile that slidingly
engages the profile of the lateral actuator member, the axial actuator member extending
axially upward from the lateral actuator member, so that upward movement of the axial
actuator member causes the lateral actuator member to move laterally inward and
downward movement of the axial actuator causes the lateral actuator member to move

laterally outward.

4. The wellhead assembly according to claim 1, wherein the outer end of the inner
electrical member moves in straight radial movement from the retracted to the extended

position.
5. A wellhead assembly, comprising:

an outer wellhead member adapted to be mounted to an upper end of awell and

having a sidewall defining a bore;

a tubing hanger that lands in the bore and is adapted to be connected to a string of
tubing extending into the well,

HOUSTON\I900427.1 12
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an axi al actuator nenber having a lower end wth an inclined ppelcehthdr®ioe
slidingly engages the profile of the |ateral actuator nenber, the axia
actuat or nmenber extending axially upward fromthe | ateral actuator nenber,
so that upward novenent of the axial actuator nenber causes the | ateral
actuator nmenber to nove laterally inward and downward novenent of the
axi al actuator causes the |ateral actuator nenber to nove |laterally
outward. 4. The well head assenbly according to claim 1, wherein the outer
end of the inner electrical nenber noves in straight radial novement from
the retracted to the extended position. 5. A wellhead assenbly,
conprising: an outer well head nenber adapted to be nounted to an upper end

of a well and z iavihPehopinat GRWIbI Q@B%é@ GuBink Bhsser Bnd BRIaAYNADBRMbEN AL
| ands in the bore and is adapted]to e connected to a string of tubing

ext endi nghatrieeyes pealjefor seting thoudTaNioee4 thebor® 1 Decenber 2006 a runni ng
tool that releasably engages the tubing hanger and has an setting nenber
that noves axially for setting the tubing hanger in the bore; an electrical
connect i on outasrelareitbleronnatioh edter membpansage! iharpaedgé forihbein the dewal |, t he

outer nenber hayi ng an outer end adapte 0 connected to an .exterior
el ectri caﬁ“%@’é‘ﬂd‘&? r'@ﬁmgﬁiagwgéipioﬁepmdd?‘%@egg‘f }éer‘:%?qt?fgt&dmﬁé‘i‘?ﬂ@'r and an
i nner  endsechicabt@@hEtbes the eXBAGLIfUR: duldiSiel IBIHBEMPRUAY 8l idner drae t ubi ng
hanger and adapted to be connected to an interior electrical conductor

| eading to equipnent in the well, the inner nenber being novable in

response to axhaleARYESRRMctiBh iﬁnlégmgﬁ‘o&j SRR Be tgf)in% ﬂlgn gf SO A6k 29! from

a retracted position to an extended position I n electr engagenment wth
t he i nnerbeaounasfedithen odgrer elvemivalrconductor leading to equipment in the well, the inner

member being movable in response to axial movement of the setting member of the
running tool from a retracted position to an extended position in electrical engagement

with the inner end of the outer member;

a lateral actuator member secured to an inner end of the inner member, the lateral
member being laterally movable relative to an axis of the inner wellhead member for
moving the inner member from the retracted position, the lateral actuator member having

an inclined profile; and

an axial actuator member having a lower end with an inclined profile that slidingly
engages the profile in the lateral actuator member, the axial actuator member extending
axially upward from the lateral actuator member in engagement with the setting member of
the running tool, so that upward movement of the setting member causes the axial actuator
member to move up and the lateral actuator member to move laterally inward, and
downward movement of the setting member causes the axial actuator to move downward “

and the lateral actuator member to move laterally outward.

6. A method of electrically connecting a downhole electrical component in a well to the
surface, the well having an outer wellhead member at an upper end of the well, the method
comprising:

HOUSTONAS00427.1 13




a lateral actuator menber secured to an inner end of the innefpRRERGer 2006
lateral nenber being laterally nmovable relative to an axis of the I nner
wel | head nenber for noving the inner nmenber fromthe retracted position,
the | ateral actuator nenber having an inclined profile; and an axi al
actuator menber having a lower end with an inclined profile that slidingly
engages the profile in the |lateral actuator nenber, the axial actuator
menber extending axially upward fromthe | ateral actuator nenber in
engagenent with the setting nmenber of the running tool, so that upward
novenent of the setting nenber causes the axial actuator nenber to nove up
and the | ateral actuator nenber to nove laterally inward, and downward
movenent of th éﬁfrﬁlh%@n Hi%@ib@éctﬁ@al}'ﬁﬁﬁ]bhh@f aﬁ@&’mc@?&o‘r&ﬁéé%nﬁrpa H&gggedovmwar d
and the Iateral act ua nber to nove laterally outward. A et hod of
el ect ri cdbimeddoasdewnlhgf t’aedmnwdﬂl@eaéh@mbﬁm@l omwiﬁ@tmnltmmbq bweing at 0 t he
surface, i uter wel | head nenber at an upper end of the
vel |, the“t“%g %@am?@‘éﬁﬂ? gg% HOUSTOM 1900427.1 13 O 1 December 2006 (a)
rmuntl ng an outer electri cal menber of an electrical connection in a
passage formed .in a sidewall hﬁ‘ &e outer wel.l herﬁC Henber t he outer

el ectrical nmefBdROWLE Ay maar welllvad member Grasibee Prrorfdtpassage; (b) mounting
an inner well head nenber on a string of conduit; (c) nounting an inner

el ectrical nenber of an electrical connection to the inner wellhead nmenber
in a retract ed)feintingan inpRetieqtdgal member digniekrstricaleonnegtion ketd immsrber , t he
string o rical menber into the well and

| andi ng t%eglﬂ?%#{el%mg\égq?% 3%5] Sm&ll ﬁ%ﬁlhe outer well head nenber; and then
(e) after ceasing downward novenent of the inner well head rrerrber t he
string of (d) lowering the inner wellhead member, the string of conduit and the inner
electrical member into the well and landing the inner wellhead member in the outer

wellhead member; and then

(e) after ceasing downward movement of the inner wellhead member, the string of
conduit and the inner electrical member, extending the inner electrical member outward -
into the passage in electrical engagement with the outer electrical member.
7. The method according to claim 6, wherein:

step (b) comprises securing the inner wellhead member to a running tool;

step (¢) comprises mounting an actuator to the inner electrical member of the

electrical connection;
step (d) further comprises after landing the inner wellhead member in the outer

wellhead member, operating the running tool to set a locking member between the inner

wellhead member and the outer wellhead member; and wherein step (e) comprises

HOUSTONA900427.1 14




conduit and the inner electrical nenber, extending the inner ‘Etfe‘éfeHlféiJmOﬁ
menber outward into the passage in electrical engagement with the outer

el ectrical nmenber. 7. The nmethod according to claim6, wherein: step (b)
conprises securing the inner well head nmenber to a running tool; step (c)
conprises nounting an actuator to the inner electrical nenber of the

el ectrical connection; step (d) further conprises after |anding the inner
wel | head nmenber in the outer wellhead nenber, operating the running tool
to set a | ocking nenber between the i nner well head nenber and the outer
wel | head nenber; and erein ste éip nprises 0 HOUSTOML900427.1 14 1 |
Decenber 2006 STEHIEIPQUSYSBHs 1efting the log Eln??@bteﬁepqr@éfm“ﬁ@t%@d@'reng%% orm ng

step (e) tl@ymﬁﬁgqa)(ngmmﬁe ﬁdﬁﬁkﬁ'd)rrbﬂdtrﬂﬁhngi%é Roth 16 RGIATPHtR AL ¢ Hmrhgabo f he

actuator downward with the running to to extend the iInner trical
member oufwaterd thg innar pheethiedl nesfimbisk eetvardal |y connecting a downhol e

el ectrical conponent in a well to the surface, the well having an outer
wel | head nenber at an upper end of the well, the method conprising: (a)
nount i ng S&am ewthed onfeietxeinalt;fcoaneoeihgatdbmadﬂe ekaanea:ltciommohe’mtal mslslsagﬁef ornmed in

a sidewall. of .the quter wel] hea nber, the outer an i nner
end | ocat EH‘a‘ienthetvFFéﬁE?i‘é@é‘aé’Ptef Hfﬂfﬂﬁ%ﬁm*ﬁ%r %trfmlLWH%rre“gng H% FaP@r%%li‘ dgn
string Ofcoﬁ-@ﬂgﬁﬁ it; (c) nounti ng an i nner nenber of an electrical connection

to the inner well head menber in a retracted position; then (d) | anding the
i nner well head nenber in the outer well head nenber; and then (e) extending

the inner nembpar, Qufineod oldt RehBS 38 SROCICkMLRhERLE e asGIMEFARITR Y o

sidewall of the outer wellhead member, the outer member having an inner end located in

the passage;
(b) mounting an inner wellhead member on a string of conduit;

(c) mounting an inner member of an electrical connection to the inner wellhead

member in a retracted position; then
(d) landing the inner wellhead member in the outer wellhead member; and then

(e) extending the inner member outward into the passage in electrical engagement

with the outer member; wherein:

step (b) comprises securing the inner wellhead member to a running tool that has

an axially movable setting member;
step (d} comprises moving the setting member downward to secure a locking

member between the inner wellhead member and the outer wellhead member; and wherein

step (¢) comprises

HOUSTON200427.1 15 Q




with the outer nenber; wherein: step (b) conprises securing t i
wel | head nenber to a running tool that has an axially rrt)vablﬁfjsegta |negr2006
menber; step (d) conprises noving the setting nenber downward to secure a
| ocking nenber between the inner well head nmenber and the outer well head
menber; and wherein step (e) conprises HOUSTOM 1900427.1 15 0 1 Decenber
2006 extending the inner nmenber outward in response to said downward
novenent of the setting nenber. 9. The nethod according to claim®6 wherein
step (e) conprises noving the inner electrical nenber along a straight-
radial line. O I—ﬁlJSOVI 900427.1 16 i

extending the mner member outward in response to said downward movement of

the setting member.

9. The method according to claim 6 wherein step (e) comprises moving the inner electrical

member along a straight radial line.
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