ELECTRICAL COUPLING APPARATUS AND METHOD BACKGROUND The invention relates
generally to coupling systems and, in particular, to electrical coupling systems for subsea applications.
In subsea or other underwater well drilling procedures, such as those used in the oil and gas industry,
concentric wellhead elements are used and typically include a tree head housing and a tubing hanger
to support electrical connections within an annular space between a well bore and the tree head.

Traditional installation ag%ﬁéu:‘%ﬁ%ié é@:l&%%ﬁ?@yﬁgj]gﬁﬂqﬁygﬁgiwﬁi he tubing hanger to the

tree head. Alignment is ieve In sub-sea environments, particularly in deeper waters and
in situations wherein the wellbore is deviated from a vertical position to maximize reservoir penetration
into a hydro&xar@R@ N Btructure. Conventional installation approaches additionally involve the use
of divers or remotely operated vehicles to effect the physical connection necessary for mechanical

connections pfielegisitrlsoataeisdeatnaRNthedubing BpasesaRd e iag ang wellsragralthough wet

mate connections between well heads are typically performed under sub-sea conditions, there is a
need for sol GRYRENBYERBHHR SHOSHIARMEBRIS for contactless power transfer that will not require

precise alignment, will withstand higher operating pressures, and will not require a remote operated
vehicle or diversidisen oplotgerBRUIERWEEES WR I RIFION Briedhd mesapysr sk thtseueettim electilcal coupling

between two_components in a well system,is proposed, The a ratys includes g first component
disposed arcl PR IUSL. CoPNR A e STt A PReh A RS bR et ot is
disposed cohean tnmadigogpand ract b risaragen po aqupicrn d e igucenniantipos e thou phirapnvitér the first
component. A first. power coupling unit is disposed on the first comppnent and configured to host one
SO S e S el ol L L T e

component and i figeciad yo d gt pgeconmactiensr drste ver sudinohrdsngetors. fhibetteenseadvers and

resonators op,the first and,second. power coupling units are.configured to. fransfer.power in a
contactless n&gﬁﬂrenreq{n 'gngﬁf%ecru([:-{n"tl 0 |ﬁ'1%¥1 ,%n%%?ﬁ%%‘fg?vﬁfggm%gsélpe%rttrl%g JXulﬁ]ing i ergrovided.

The methodattys @adnstallingi anteabetern tunvps Hemes svdbvnated éltine sdveys tahpesiitbnctmmponent

comprising & poyer equoling ik inelyding Adranseelversiaied witin aessyis sqlaiien element
The method TurtheriRciude pos‘?tlonlng A first component concentrica y withih a’second component

and aligningitistaliativer aonotabes ratiditithresiiyst romiveotienuseitbl tHe esveer remgbélyg apeitatdécthe second

contoctices SO Mo T8 D N O Al el e

componentselBRAA | BIRBCTHegtw ertitbeabifegphargsr aspdbtsiremanddveliitagds of the present invention
will become better understood when the following detailed description is read with reference to the

3\/‘;}‘;‘7:2Ef‘”yimtﬂéﬂtﬁﬂ”\%ﬂ%%HK&&BWW%@A&?&@VMQ@WMWWQ%
sub-sea conditions, there is a need for solutions that embody electrical couplers for
contactless power transfer that will not require precise alignment, will withstand
higher operating pressures, and will not require a remote operated vehicle or diver for

coupling.
BRIEF DESCRIPTION

Briefly, an apparatus to provide electrical coupling between two componentsin awell
system is proposed. The apparatus includes a first component disposed around a well-
bore and configured to host electrical connections. A second component is disposed
concentrically around the first component and configured for power coupling with the
first component. A first power coupling unit is disposed on the first component and
configured to host one or more transceivers and resonators. A second power coupling
unit disposed on the second component and configured to host one or more
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FIG. 1 illustrates a sub-sea drilling system according to an embodiment of the invention; FIG. 2
illustrates a cross-sectional view of concentric components within a wellhead system; FIG. 3 illustrates
a detailed view of power coupling according to an embodiment of the invention; FIG. 4 illustrates an
alternate arrangement of power coupling according to an embodiment of the invention; and FIG. 5
illustrates an exemplary method of establishing a contactless power coupling between at least two
concenric comeancals ing Welliead SxSlem RETALERDESCRIGHONEIG. Ll Siigigs a subsea
drilling system according to an embodiment of the invention. The sub-Sea drilling system 10 includes
various systeowercdupling ysithase otefogumed ¢tetdansiie poster iaraicontytiesshsiansiore. Sub-sea
production systems may include multiple satellite wells with flow lines coupled to, for example, a

sub-sea distfjputiomamib i akR, 1B HEHEAYBISSHSi 8 RASIERFER TRk AP M dfielkis hested for

example on a floating drilling vessel or floating oil plattorm. Wellhead systems 16, 24, 26 at the surface

of each satellhRe! i LS dBgiabéapp?b|fast thkosERIBRAREHR IV FhbB sy MseHbresl syRemieppbe for the
drilling and progyGHaR %SHWW‘@UH% BHRERR DAY BRSIS MoP WRUSRR GRENTRY

module/electronics module ub-sea distribution unit 12 is configured to control the flow lines

between eadWesaHERite0lE PraAEmRm ddie MASAab ke iNEWIdR PRRYIST parREISWESIRRRRRM 20
includes, in eBRBAIRES PRSI PESTHEEMERISH JRiAGIIRE pollie E5lIMaqOf PePection.

Concentric components 28, such as well-bores, tubing hangers, and tree heads are disposed beneath

each wellhe&dissyeRBIRCPENIDWHA TR FRRYE0 RO edUits 6 theh SpmEcRBIROREREENENDISea-bed via
a well-bore i HigltAresavee antd SIHACERIMMRur BRiBHE aMoMHBGERN, ofvsHe aft &XBREN 5 &P control

the flow of oil and/or gas into or out of the well. The wellhead system may further provides additional
features sucFPREPHIHPES FORTRRSCORRY 8pf FAR ANl Shec?l/ EnRi ORVESE prRRK TG IUNES QhdNeritslate
connections gRERSEHR) RFRHEHRAIS NS such as annulus vents, sensors for monitoring the tree and well
for parameters such as pressure, temperature, corrosion, erosion, sand detection, flow rate, flow
composition, valve and choke position feedback, and connection points for devices such as down hole
pressure antﬁ)%\%% e transducers. FIG. 2 illustrates a cross-sectional view of concentric
components within a wellhead system. The reference numeral 36 illustrates a portion of the first
component Ihesmandfatiperjesiesesf expenise asl catmpnisges ofuirgdnesegeri tivanisooonckntrically

disposed within 1 SeGaNd CORYRRISH 10RO 'R RIRR SR B 2HARIF: BRoROEPHER dith
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

FIG. 1 illustrates a sub-sea drilling system according to an embodiment of the

invention;

FIG. 2 illustrates a cross-sectional view of concentric components within a wellhead

system;

FIG. 3 illustrates a detailed view of power coupling according to an embodiment of

the invention;

FIG. 4 illustrates an alternate arrangement of power coupling according to an

embodiment of the invention; and

FIG. 5 illustrates an exemplary method of establishing a contactless power coupling

between at least two concentric components in a wellhead system.



a tree head. Also, for purposes of example, FIG. 2 depicts a portion of the tubing hanger 38 wherein
electrical connections 42 are tapped from the well-bore 44 into the tree head 40. A power coupling
system 46 comprises at least a first power coupling unit 48 disposed on the first component 38 and a
second power coupling unit 50 disposed on the second component 40. As discussed earlier, the
electrical connections coupled to the first power coupling unit may originate from devices such as
down hole p r transducers within the well-bore. A connection flange 49 is
coupled to tf@gtreeﬁF%?i)dd[S a%%e ﬁ%@r’g’d to provide a dry mate connection 51 to facilitate electrical
coupling with the control module/electronics modules on the wellhead. FIG. 3 illustrates a detailed view

of a power cblfplidg %W@@Wdﬁwmbﬂﬂm&m@mﬁ@n%rﬁwm%r @fotifing system
56 comprises,adifRiPORE SAYRIAYHNTHG $69 RIS Tt RRepeBeRid+P ap §igERRced in FIG.

1) and includes cavity 76 configured to host at least one transceiver and resonator 60. A second power

coupling unii BerEOBNSHERSENER R esRSHE SyFRIBR BRHTAE.a SvbfepamtedUrt PIGYHPRIsdMAY ludes cavity
78 configureghin fOshalipRSLIBR EARBAS VRTDA AR IRSCARBAGA IFeaRMIpRAING 8 3&¢pnfigured as

a pressure isolation element in the embodiment of FIG. 3 includes seals 70, 73 and pressure isolation

cap 80 to isclEEl Biiom HbE Lt it anestenkasl ifon areasentl sidigibldkiebiphageshit 58.
Similarly, segls é?aﬁﬂﬁ%% anbRIA %ﬂfﬁ’ifiﬂ/é@ §PRSE %iqiia%%?ﬁi,_around pressure casing 69 to
isolate high pressure within the well-bore environment and the second power coupling unit 62.
Non-limiting examgles of pressure isolation cap material include nop-magnetic materials, insulating

materials, ant ABIEBELRYFERRtRiats: FAR T 865 AN B SIDUIB MG, PBFHS FamOR power in a
contactless meRNRs tENErooNiaE YRS RBNPE tamsia g axdebi-tiraptanalilg anewotedinent,

transceiver 60 receives signals from eﬂ%wn hole devices in the wgélgbore and tgansfers those signals in

a contactlesSHRTR N onto FFan¥ERREesYRaRe rBEFES d80HFarkcefBrE2 isGHRh coupled to

the control mmetilkRe/bfettrtipi cb) rvitttial drem@shosmndietitutibheufiistiang sentgatapetsaLmling units
are substantiﬁlly a r most efficient contactless power transfer.r)éi?wever, in the presently
I

ligned f
contemplate %%%‘é?cﬂe EVERA g Ia@‘d;}?fﬁ S F R RN der AR or several

degrees radigiragsewopket tdlematte ibakids, ¢comrendopetienehpdieneines, biferafelilueiiies an alternate
arrangement otgowe@r f‘jﬁ'ﬁP”ng a COég'nF% to an embodiment of the invention. In the illustrated
embodiment®th brf’é SOTE LAY 2N H ure isolation cap have enhanced thickness as compared
to the power coupling system in FIG. 3. It may be noted that such enhanced pressure isolation is
useful for higbopeessirecempooanie 26 wikthnathe eliebidnesetubinegplaangerso aptingesybteds Sallustrates a
first power cqupling,upi In rojecti oJyost the. | nections,cqupling the
transceiver 601 ;]131 scgc%an Hp?)é\%%e (?\(’)%Ipﬁ%k%?ﬁ?éﬁi%’ud(@ﬁiﬁf@:ﬁ%@@gu@ciﬁﬁhickness
95 having praassperisd|dHiiom chpresth-Ithe 5 sdadiedted @nee veeH gharg naéthvghofrsssaliisting a

contactless FB&%E%&%P@”%B%%@QBP%%W%P &8(?8855%1&89?98?%%%{?0? WS'ﬁWﬁéﬂem' The

method 100 includes installin two components around well bore in step component
is installed agodiod @asetatedarompodietivenveep 10he Fweltheaduspgisat olagxturtpke, firevicemponent
may include g, 1 4bi [ ?Qﬂ 0 - I Viti provided
on the first aﬁjd&i@c%ln cor?}ponerlfftﬁa% égbgmﬁpﬁs e%léeéz?@ % r%’ggsg?gres%@%igpg&%{ within the
cavities in sttqy Y08, Fidstiandnstsccnaneciianscplgsitnteuslisicelepasiaguble anasoeiverseatil resonators
are aligned \gg Qﬁ@ - at. P j e ?sg[ﬁ g5QNd power
coupling units'in st(-gi;cli)B r1 . ﬁr@ﬁ%ﬁ‘%&aﬁg%ﬁ@ tablishe eb&eﬁ[é\;ﬁléég} ownghag%g]gewc%% and the
control mod@eyiassep arogion hirne riztedtienn fiavureteof b invrposit oravedbeitlishoked and
described herein, 3 Qif' [ ANRREES il Qe | |i pégr |§, therefore,
to be unders%{(%gmt{ﬁatt g%pb%g%%?&s m%e%§ﬁ§%0§e$§?§uc rerf% |fiscat|orr1t§ %{ilad changes
as fall withintenepeigtuspiranstitieerhvention. EI FMENT LIST 10 sub-sea drilling operation 12 sub-sea
distribution unit 14 master control station

FIG. 2 illustrates a cross-sectional view of concentric components within a wellhead

system. The reference numera 36 illustrates a portion of the first component 38
shown for purposes of example as comprising a tubing hanger that is concentrically

disposed within a second component 40 shown for purposes of example as comprising
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516 Wellhead system 18 control module/electronics modules 20 Remote operator workstation 24
Wellhead system 26 Wellhead system 1028 Concentric casings 36 first component and second
component 38 first component 40 second component 42 electrical connections 1544 well-bore 46
power coupling

atree head. Also, for purposes of example, FIG. 2 depicts a portion of the tubing
hanger 38 wherein electrical connections 42 are tapped from the well-bore 44 into the
tree head 40. A power coupling system 46 comprises at least a first power coupling
unit 48 disposed on the first component 38 and a second power coupling unit 50
disposed on the second component 40. As discussed earlier, the electrical connections
coupled to the first power coupling unit may originate from devices such as down
hole pressure and temperature transducers within the well-bore. A connection flange
49 is coupled to the tree head and configured to provide a dry mate connection 51 to
facilitate electrical coupling with the control module/electronics modules on the
wellhead.

FIG. 3 illustrates a detailed view of a power coupling system according to an
embodiment of the invention. The power coupling system 56 comprises a first power
coupling unit 58 disposed on the first component (38 as referenced in FIG. 1) and
includes cavity 76 configured to host at least one transceiver and resonator 60. A
second power coupling unit 62 is disposed on the second component (40 as referenced
in FIG. 1) and includes cavity 78 configured to host at least one transceiver 64 and
resonator 66. A pressure casing 68 configured as a pressure isolation element in the
embodiment of FIG. 3 includes seals 70, 73 and pressure isolation cap 80 to isolate
high pressure within well-bore environment and the first power coupling unit 58.
Similarly, seds 72 and 74 and pressure isolation cap 82 are disposed around pressure
casing 69 to isolate high pressure within the well-bore environment and the second
power coupling unit 62. Non-limiting examples of pressure isolation cap material

include non-magnetic materias, insulating materials, and non-porous materials.

Transceivers 60 and 64 may be configured to transfer power in a contactless manner.
The contactless power transfer may be bi-directional. In one embodiment, transceiver
60 receives signals from down hole devices in the well-bore and transfers those
signas in a contactless manner onto the transceiver 64 via the resonator 66.
Transceiver 64 is in turn coupled to the control module 14 (FIG. 1) via a dry mate
connection. The first and second power coupling units are substantialy aligned for

most efficient contactless power transfer. However, in the presently contemplated
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48 first power coupling 50 second power coupling 51 dry mate connection 51 2056 power
coupling 58 first power coupling 60 transceiver 62 second power coupling 64 transceiver 2566
resonator 68 pressure casing 69 pressure casing 70 seal 72 seal

embodiments, misalignments, such as up to several millimeters laterally and/or

several degreesradialy, are more tolerable than in conventional embodiments.

FIG. 4 illustrates an alternate arrangement of power coupling according to an
embodiment of the invention. In the illustrated embodiment, the pressure casing and
pressure isolation cap have enhanced thickness as compared to the power coupling
system in FIG. 3. It may be noted that such enhanced pressure isolation is useful for
high pressure environments within the well-bore. The power coupling system 90
illustrates a first power coupling unit 92 having a projection 96 to host the electrical
connections coupling the transceiver 60. The second power coupling unit 94 includes

an enhanced pressure casing thickness 95 having pressure isolation cap 96.

FIG. 5 illustrates an exemplary method of establishing a contactless power coupling
between at least two concentric components in a wellhead system. The method 100
includes installing at least two components around well bore in step 102. First
component is installed around a second component in step 104. For the purposes of
example, first component may include a tubing hanger and second component may
include a tree head. Cavities are provided on the first and second component in step
106. Transceivers and resonators are disposed within the cavities in step 108. First
and second power coupling units comprising the transceivers and resonators are
aligned with each other at step 110. Power is transferred between the first and second
power coupling unitsin step 112. Contactless coupling is established between down

hole devices and the control module in step 114.

While only certain features of the invention have been illustrated and described
herein, many modifications and changes will occur to those skilled in the art. It is,
therefore, to be understood that the appended claims are intended to cover al such

modifications and changes as fall within the true spirit of the invention.
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100 exemplary method 102 Installing at least two components around a well-bore 104 Positioning first
component around second component 106 Providing cavities on the first and second components 6
108 Disposing transceivers and resonators in the cavities 110 Aligning first and second power coupling
units 112 Transferring power between the coupling units in a contactless manner 114 Establishing
contactless coupling between down hole devices and the 5control module WHAT IS CLAIMED IS: 1.
An apparatus to pr%jg%faslgg rical %l\pg g%v; n n%’gr QmRgn n;%;sn a well system, the apparatus
compris?ng: a first %%qp&wigggﬁgd%%%% n%rgb\%é’r%gﬂéliﬁé)ﬁﬁ 4 and configured to host electrical
connections; 112 Transferring power between the coupling units in a contactless manner

114 Establishing contactless coupling between down hole devices and the

5 control module



a second component (40) disposed concentrically above the first component (38) and configured for
power coupling with the first component; a first power coupling unit (48) disposed on the first
component and configured to host one or more transceivers and resonators; a second power coupling
unit (50) disposed on the second component and configured to host one or more transceivers (60, 64)
and resonators (66), wherein the transceivers and resonators on the first and second power coupling

units are COW@B’I %é;aénrﬁgaéﬁ%zer in a contactless manner. 2. The apparatus of claim 1, wherein

the transceivers resonators (66) on the first and second power coupling units are
configured to transfer power bidirectionally. 3. The apparatus of claim 1, wherein the first power
coupling unifl{48) idligPrRaAcbIIiie RCvtIRISRIIERE 60MMhROLEHYSE). (WO TaRRMSaEaINLNFElaim 1,
wherein the mqﬁgmug (Sp&jgpling units comprise cavities (76, 78) to host the
transceivers and the resonators. 5. The apparatus of claim 4, wherein the cavities are sealed via
pressure isolation caps (80, 828. 6. The apparatus of claim 1, wherein the second power coupling unit

(50) is couplBd {StaGHIRARE b (S 0T HUPR A IR RIS WRNFPRHIWIRE dBriBSnent (48).

installing at lgastrivep esnadierts within a wellhead system, each component comprising a power
coupling unit (56) including a transceiver (60) situated within a pressure isolation element; positioning

A st oM P PSS Al S0 SRR R TH PR thé Mt component (38) and

configured for power coupling with the first component;

a first power coupling unit (48) disposed on the first component and configured to

host one or more transcei vers and resonators;

a second power coupling unit (50) disposed on the second component and configured
to host one or more transceivers (60, 64) and resonators (66), wherein the transceivers
and resonators on the first and second power coupling units are configured to transfer

power in a contactless manner.

2. The apparatus of claim 1, wherein the transceivers (60, 64) and resonators (66)
on the first and second power coupling units are configured to transfer power bi-
directionally.

3. The apparatus of claim 1, wherein the first power coupling unit (48) is aligned

to the second power coupling unit (50).

4, The apparatus of claim 1, wherein the first and the second power coupling
units comprise cavities (76, 78) to host the transceivers and the resonators.

5. The apparatus of claim 4, wherein the cavities are sealed via pressure isolation
caps (80, 82).
6. The apparatus of clam 1, wherein the second power coupling unit (50) is

coupled to a plurality of sensors and electrical devices hosted within the first

component (48).



aligning the power coupling unit of the first component with the power coupling unit of the second
component to enable electrical power and signal communications automatically in both directions in a
contactless manner between the transceivers of the power coupling units of the first and second
components. 8. The method of claim 7 wherein the first component comprises a tubing hanger and
the second component comprises a tree head. 9. The method of claim 7 further comprising disposing

at least one %sona})%{g%g%\{vs%r\} it&ﬁ érg%%%igeég uﬁpngfség FREJ rﬁgen&ower coupling units of the first
and second components.

instaling at least two components within a wellhead system, each component
comprising a power coupling unit (56) including a transceiver (60) situated within a

pressure isolation € ement;
positioning afirst component (38) concentrically within a second component (40);

aligning the power coupling unit of the first component with the power coupling unit
of the second component to enable electrical power and signal communications
automatically in both directions in a contactless manner between the transceivers of

the power coupling units of the first and second components.

8. The method of claim 7 wherein the first component comprises a tubing hanger

and the second component comprises a tree head.

9. The method of claim 7 further comprising disposing at least one resonator (66)
between the transceivers (60, 64) of the power coupling units of the first and second

components.



