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 approaches include
precisely aligning connectignscreciig &bing hangessa thertireepdvplisnspent is difficult to
achieve in sub-sea environments, particularly in deeper waters and in situations wherein the
wellbore is devigied, fram@ysrtical position to maximize reservoir penetration into a
hydrocarbon bearing structure. Conventional installation approaches additionally involve the
use of divers or remotely operated vehicles to effect the physical connection necessary for
mechanical coﬁh%dﬁ%ﬂg@? SFRASCRISAINCS BRNBENSHERbARG HianREteHa e sleettiend
wellheads. Altkougling/ejsteatefconnseiiapsibghoeen well heads are typically performed under
sub-sea conditions, there is a need for solutions that embody electrical couplers for

contactless pom%ﬁg’ﬂéa%%mé}fN}élli'eﬁ%{e‘?%ﬁ?d?fﬁﬁ%%x%'i@@&?egsg% il hossté"ﬂéjeﬁ"%hﬁ% oil

operating pressures, and will not require a remote operated vehicle or diver for coupling.

BRIEF DESCRISEN Sy capcappisraelheadeirmsate rrstticed eodipipigabatinebrdeworee
components irhawabsysienis ROReIRddNe ARSI s RIS CRmRREispesed

around a well-bore %?d configured to host electrical connections. A second component is
disposed conc@AticAT &FBuhd the st BuhibE s Afte cohfrsteprorsaliaionotmimachith the
first componentcAdirstrpcingdy coigpling cotihéstilispdsed anethatifgt Bampporenhaneeanfigured
to host one or gore t gjuers and resonators. A second power coupling unjt disposed on
the second com%ﬁ%ér?tp a?rsfdd (lx:fcflr(ilg@l:}roeé] %0 hostone or more TARSESk Fgé?H '}Jé’sbrh TThe
transceivers andteesanthiorsioatiens firberzidtbe conlbpoviedocastingounitsvarécebpéigitinadido

transfer powepifaiontactess mannsatioln ARPIe)ERRAdMEnt: Anethad fordroviding .

electrical coupling is provided. The method includes installing at least two components within

a wellhead syQ&laggpreBivRsaRt Atdbemiiigvalse s eesupfinkvaritnehmitryacparsetiver

situated withirvenplessurerisalationie)soae vonhbeBie theek farhe inglude RestipRng shlirst
component conc%ntrifall witrgn a sec%d gom onent and aligning the power coupling unit of
[

glectiical WErFEd ixnaes el tsiire sads -enable electrical

the first component wi P ae?tf)
power and signal communications automatically in both directions in a contactless manner
between the tfdfistelersiontie punettioosplhtyasnitedf tredirstandsetymtdompdnents:

DRAWINGS s, @thek ferik ¢S o aRRaCks: a01d:RAVaNIges o she RISt nyentipn wil

become better understood when the following detailed description is read with reference to
the accomparigiHECHFSSVRRYECH WoRRER 11batc WA AR oS rEcabife DETR Sk 8 isre throulhpitheend
drawings, whatighor bperalitilisitaiess subvwaamer linaSystembacsasding (eraesmbadimsnt of

the invention; )
coupling.

BRIEF DESCRIPTION

Briefly, an apparatus to provide electrical coupling between two components in a well
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. 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. DETAILED DESCRIPTION FIG. I illustrates a sub-sea drilling system according to
an embodimerALbrJRVERfARo TG eu R ReR AUNG VAR ARINGLER QL 2RV SIERg and
sub-systems interconnected underwater and to systems onshore. Sub-sea production
systems may PRI SIHRIFHS I B rIf RO Bt Srlit RTINS b FoeP RGeS xaamiie, a sub-sea
distribution unit 12 that is in turn coupled to a master control station 14 that is hosted for
example on a Hoativigedthbgdimsse| omtitatingroirpladfogneledvedtd eaddigtamsdbdan, 2heat
the surface of gagh palelliRaLaN DG RAPRAPINIAS e SEHIRLARRIESIE, cac
containing interface for the drilling and production equipment. Each we eaé1 sglls em ?yplcally
hosts a sub-sE8BERTIFS! ABHNIGIRIECHVEESIiNg a8 IS idisea titsilsinrmitnated vighin a
configured to gantigbtheifiouw ingshetwaeneach ﬁ%@ﬁ%ﬂﬁﬂ%ﬁ%iﬂ??*ﬁ&?@&ﬁﬁ&é&ﬂ#0”
e

14. Remote operator workstation 20 includes, in one embodiment, remotely operated vehicles
to assist in the TGN BrTHRARSAOE SARBARSRL B PUHERES BRP AR cadnkRn Wit 88 thebing
hangers, and fise beapsmaie disposepbeneastpsaghmielbread systam mjdusnapratuation,
oiland gasis ¢ galslgaolrteg “}‘rgrg esr}eazﬂw the sea.-b%d via atwellt-.b%{e at hi&% pressure and
temperature. The primany function B weilERY AAHERT AYSTRRNPOY AR A8 SPSHUSRe/8t das
into or out of raiAksiksT meanrel hetwlesyStentransgeifunthef proviodesraddjtloalfitatof esestich as
ports for injecingch&Mmicals, Mgl intervention elements for wet and dry mate connections,
pressure relief elements such as annulus vents, sensors for monitoring the tree and well for
parameters ST)CI?A%IE\EEEUE, temperature, corrosion, erosion, sand detection, flow rate, flow
composition, valve'a oke position feedback, and connection points for devices such as
down hole pressure and temperature transducers. FIG. 2 illustrates a cross-sectional view of
concentric coripssnemd witkin faaietihezresystant THeansigrencl thanmersdB6iiiestienewdl

portion of the sl ROBRRNEHHAR BHWVG fioh PHEPPSESWRhE XA 25-695BRESINY AIUDING,

hanger that is concentrically disposed within a second component 40 shown for purposes of
example as cBSBHShY DraecPRRYANATOYIpE: it S8y O bkarhpracterereprerspicikanssition
of the tubing itatgeicad thd@raimelesihigalconnections 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 disposgg o | 0 nent g 0 er coupling unit 50 disposed on
the second cgﬁnébogﬁl? %g{%\% %ngjs%gej gﬁﬁ r%ﬁ%ﬁ]elggtcﬁgﬁngoﬁgn%ﬂg%ﬂg %(éﬁnﬁllgd%%i @ first
power couplifdeiMiCiiay 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 tofitaviddlasteesmateososaeician ddwo faciitaterrlesthisal oy plingnvith dhieegontrol
moduIe/eIectgg/rs}ié:l;Isl;modules on the wellhead.

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.



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 ppregswe isplkatRpeieynent 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
frst power couygiina o, Simylafly seals g and. 4, and pressure lsolatipn,cap 6216
disposed around pressure casing 09 16 isola e%lg% pressure within the Wel-bore enviraftnent
and the seconthyaier. cabipling-saatdsitlingoryieniting iogbidgs|esrsupressune idlatibmsysapns
material includgypepsmagalitiBaiedalia sWalng BRIBHAIS AN RO RAIRYS MALRHAlS,

Transceivers 60 and 64 may be configured to transfer power in a contactless manner. The

contactless poAPdraruitipfh aptekitei Mk e haflaw dineserosplinentior Sraamire 6 Petstives

signals from dewmtritigiendexicestindheiveiinteigRAdIARSIRES 5056l SIgRNGUS! NRCAERGHASS
manner onto tPe transceiver 64 via trf}?giesonatoLGG Transceiver 64 is in turn coupled to the

control module’14 SHPRA LU HEHB SRS fbHoF e AP RHE L cond power coupling
units are substantially aligned for most efficient contactless power transfer. However, in the

presently contBifiitatdasysiamadifetts 2hidiatitmausiaes, efichchssais s el aimiiknretebed

laterally and/opsenRraledemiaenrasiaisaie BaraIAlg akiginan MeMEREAR&@ broduction
embodiments. FIG. 4 illustrates an alternate arrangement of power coupling according to an

embodiment SHHEREntiont#lthe i illetAste FEHTBbdIMEA Bhe Bresufe SHEMERantPB®sure
isolation cap hawinkrhancedcthickidss 8s samparadibthppanen eaypbingssderd dods. 3. It

may be noted. that such enhanced pressure .isolation is useful for high pressure enyironments
within the We|f%2fﬁ8f”1ﬁﬁréespo$%‘é’?%%§}ﬁ|n%‘%@é&%r‘ﬁ%@ ﬂfiztski?a easStgrf?ros‘%ﬁoof\)/\S/tgil%g fﬁl née%?f%z
having a projeggsrgeverkisidhe @liectrided, dorme ctivhslgoeplingntbeliy apscedder GiclFhe

second powelégqslmllj@gelapiiﬂgé indydss angnhanced pressure casing thickness 95 having
pressure isolation cap 96. FIG. 5 illustrates an exemplary method of establishing a contactless

power couplinéy between at least twg concentric components in a wellhead system. The
method 100 indBEEYIRSAMPY Rl ¢ %iirg?ﬁ%g’a%lﬂﬁa hroeesranf Sephesss ekt
component isdisptaliddbanoathd eade caritheaimpereentin steuitd. frodittopuigdsed afaexample,
frst componepl g Rclyds,a fubing, haosL aRdsesend comaanent Mg a rechead.
avities are provitled on the first and second component in Step 106. TransceIvers an
resonators ar€@rpAyEd witsiptireatafitetian sfepellbgad-istemdssecondrpbtherfbouplingl units

comprising the, JaPSERIVRIS 3PdiesANHorsale afgnedhimin LICRNGLt RIgRL 100 Fiquer is

transferred between the first and second power coupling units in step 112. Contactless
coupling is edHHSRalERRRsH b AmPRER: e dnieding Shemistlsrarhddenenietep ementsyhile

only certain fgatures afdhiyinvenrticshhayrRheendlusiratadranchdasciban REsRHIPaMts,
modifications and cl}:n es will oc%t%r to those skilled in the art. It is, therefore, to be
Boais )

understood tRSTTHE K Ba AT Ed AR S e I il T BASI IUG R A TREF R S S e,
changes as fatinvithin, thediog spirit détheionyehitionatE LEMEBSIpbSITicH) sulsead ilisig

Operation 12 f&t’?ﬁ%g%e%%ggg%)ﬁ ggﬁtn%c ig}lagcglel{tg %]rtlgjelv%gglggch as down hole pressure and

temperature 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 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

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 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, seals 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 materials, 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
signals 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 substantially aligned for

most efficient contactless power transfer. However, in the presently contemplated



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

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

several degrees radially, 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 units in 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 all such

modifications and changes as fall within the true spirit of the invention.



72 seal 30 73 seal 74 seal 76 cavity 78 cavity 80 pressure isolation cap 3582 pressure
isolation cap 90 power coupling 92 first power coupling 94 second power coupling 95
pressure casing thickness 4096 projection 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
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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 CLAIMS I. An apparatus to provide electrical coupling between two components
in a well system, the apparatus comprising: a first component disposed around a well-bore
and configured to host electrical connections; a second component disposed

concentrically above iiag fiishSORIRARCHS A0 ARNTIGHRH, o RRSL fRUPING with the first
component;  a firsf QPWRE AR BIRG MDEAIBRRGE O G [ shaomponent and configured to
host one or more trangoejvygistaiel d BeRRAKNSIcen 1R IBEPMLRAVEMGOLEHIRG BRIt dIsRgSed on

the second component Al BT e iR BOSE ORRNIHP YEWRASEEWE BolNddasaN AR She
whereinhe tranaeeivatsiaad resonators on the first and second power coupling units are

configured to transfer power in a contactless manner.




2. The apparatus of claim | further comprising a pressure isolation element between the
well-bore and the first power coupling unit. 3. The apparatus of claim | further comprising a
pressure isolation element between the well-bore and the second power coupling unit. 4.
The apparatus of claim 1, wherein the transceivers and resonators on the first and second
power coupling units are configured to transfer power bi-directionally. 5. The apparatus of
claim 1, wherein the first power coupling unit is aligned to the second power coupling unit.

G. The apparatus of claim I, wherein the first and the second power coupling units comprise
cavities to host the transceivers and the resonatgrg. st he apparatus of claim 6, wherein the
cavities are sealed via pressure isolation caps. 8. The apparatus of claim 7, wherein the
pressure isolatioh éohiprsresiataerevideyrietiderlaending betveciny @appapatestoiciamal Lsfurthey

comprlsmg,@a@@a@ggmﬂﬁ@gg to couple the first power coupling unit with a dry mate

connection. 10. The apparatus of claim 1, wherein the second power coupllng unit is
coupled to a plugalgy, of §%n§g gtagd electrical devices hasted w hin the f|r Bgne
11. A method for prowdc ing felectrical coou%tllng c§mpr|5| m) ore an con lgure e [}’cmcal

connectlons

a second component disposed concentrically above the first component and configured

for power coupling with the first component;

a first power coupling unit 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 transceivers and resonators, 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 further comprising a pressure isolation element between the

well-bore and the first power coupling unit,

3. The apparatus of claim 1 further comprising a pressure isolation element between the

well-bore and the second power coupling unit.

4. The apparatus of claim 1, wherein the transceivers and resonators on the first and

second power coupling units are configured to transfer power bi-directionally.

5. The apparatus of claim 1, wherein the first power coupling unit is aligned to the

second power coupling unit.

6. The apparatus of claim I, wherein the first and the second power coupling units

comprise cavities to host the transceivers and the resonators.

7. The apparatus of claim 6, wherein the cavities are sealed via pressure isolation caps.



- installing at least two components within a wellhead system, each component comprising a

- power coupling unit including a transceiver situated within a pressure isolation element;
positioning a first component concentrically within a second component; 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. 12. The method of claim 11 wherein the first component

comprises a tubipghangstand (e ERRONdGRRRCHRNEATRNSAS R E5R% a ﬁor&%-agl'?&ic

method of claim 11 further comprising disposing at least one resonator between the
transceivePéSkithe power coupling units of the first and second components.

9. The apparatus of claim ! further comprising a connection flange to couple the first

power coupling unit with a dry mate connection.

10.  The apparatus of claim 1, wherein the second power coupling unit is coupled to a

plurality of sensors and electrical devices hosted within the first component.

11. A method for providing electrical coupling comprising:

installing at least two components within a wellhead system, each component comprising

a power coupling unit including a transceiver situated within a pressure isolation element;
positioning a first component concentrically within a second component;

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.

12. The method of claim 11 wherein the first component comprises a tubing hanger

and the second component comprises a tree head.

13, The method of claim 11 further comprising disposing at least one resonator

between the transceivers of the power coupling units of the first and second components.



