CONTACTLESS POWER TRANSFER SYSTEM BACKGROUND [0001] The invention relates
generally to contactless power transfer stems and, in particular, to contactless power transfer for
subsea applications. [0002] Subsea or other underwater well drilling procedures, such as those
used in the oil and gas indusfAy Tl tfse P WHBPIR AMGHER 80 EcNbns such as, for example,
connections between sub-sea distribution units and floating drilling vessels or floating oil platforms.
Another example of electrical connection includes coupling between an annular space around a
well bore apd\atre® eadpvithin a wellhead to provide power to down hole elements such as
sensors. Traditional installation approaches include precisely aligning connections from the tubing

hanger to the tigp iearh Algument s dIicylt o achievs in sb-sea environments, paticularly in
deeper waters and In situations Wherein thie waibore is deviatad Hom a wer |ca%osﬂllonrfo’
maximize resemgirpeEntratiocointe ey grovarbensbediingubtnrctymelic@tnnentional installation

approauhes additionally involve the use of divers or remotely operated vehicles to effect the

physical connegsig naagssaty hinerieRizalcpunastions ot slesticel cprtactafetyeanne

tubing hanger and the tree and wellheads. [0003] Typically wet-mate connectors are implemented
in sub-sea drillif§ Sijstedrzito it tnelefanereEapiBnte egetiaal gismibetions systemsfaensors,

and electronic GRS SSHERMEIHS COMMBSIATS RAMIENS AR iR AN, o Frawater a

high pressure while ensuring reliable mating/de-mating operations. Wet-mate connectors
implementing riieesknidaliaaiigg eBnpietoans. diffather corraplenafaktgsinicaliceraection

environments. ARRIGT drBigRSYFERING BRRNeEN sanceiiicivelNgRELIemaniSIBCHARS an

inductive coupler to transfer an electrical signal across two coils aligned in close proximity.
However, such™ataisigyivsdligasttiacivevifechamiréally dowrohple talereelis seelipgiécasaiye space.

Further, such sysigmshavestimiteddapswidinand lagk efficiensy wban subipsteddrslargsr gaps,

load variations, or misali%nments. 1100041 Thus there Is a neéd for solutions hawing contactless

power transferttifatiRillhberesuie throtise krshmbheamaniils sbfieatite achiavsténgpéraeed vehicle
or diver for coupngnBRIES BEACIRIATIGN JO9R7] BUglly. a3y StemicemBRSIngha-contagtiess

power transfer system is presented. The system includes a primary element, a secondary element,
and at least onEHBRLTosUTHEREIR HeRt idtEepiRE PPEHRBely thE Py SRR PEABHtESecondary

element and capfigyredd thebsna reagngticfirid.& paritiorjgdispassdipaiween ths.pripary

element and the secondary element. The contactless power transfer system is disposed within

pressure isolafi8AEavbGIBY o St annssshvsly anscesiahurpgasadaraislponaifsetieen a

power source gRgkRAPRAnnection necessary for mechanical connections of electrical contacts

between the tubing hanger and the tree and wellheads.

[0003] Typically wet-mate connectors are implemented in sub-sea drilling
systems to couple two or more elements such as distribution systems, sensors,
and electronic modules . Such wet-mate connections require increased isolation
from seawater at high pressure while ensuring reliable mating/de-mating
operations. Wet-mate connectors implementing mechanical moving contacts are
difficult to control and align in sub-sea environments. Another design for
coupling between concentric wellhead elements includes an inductive coupler to
transfer an electrical signal across two coils aligned in close proximity. However,
such a design is unattractive mechanically due to the two coils occupying a large
space. Further, such systems have limited bandwidth and lack efficiency when

subjected to larger gaps, load variations, or misalignments.



[0006] in another embodiment, a system comprising ii contactless power transfer system is
presented. The system includes a primary element, a secondary element and a first field-focusing
element disposed proximate the primary element. The system further includes a second
field-focusing e[@ffEitdispobeat psoxincadeftitessetconddryvalgnientattesfirsowid sectnd that

feld-focusing elerhents belha configuied for operafing ol o diferentissanant ieyenries o
focus a magnetiC field and exchange power between the primary element and the secondary

element. [0007pindarotiecenpbodiment, a system comprising a contactless power transfer system
is presented. The system includes a power source and a first filter coupled to the primary element

and configuspqre saR$RITPEWEr at a first resonant frequency. The system includes a first
converter and a rectifier coupled. to the secondary element and configured to deliver power to a

load. One or more sensors and second filters are coupled to the secondary element and configured

to sense at Ieaib%ﬁ %egg@et%r an etrancs,rrrlwqit rqsalta ag acgg%?crgfj.s Sreso‘r)lvaept tfr?(len &ng&sél'gnlegst two
field-focusing elements arerhtersteglbe?w en primary e ement and the seco dary eFement, a
first field-focusipgeletme nThenfigtnedi fohtdan snpitiingr ypawerat thedirstdasoriantefireguendy and a.

second. feld-Igusna IeTeRLsenliouledlor fesmiing daia e sgeend cesenanfgguency. A
second converteris coupled to the primary element 10 receive data from the one or more sensors.
DRAWINGS [06a8hThesel andmthed featifiesedspedis;uanea athartagdsebl. thé ppeseminiention
will become begesr un%er,gé%)od Wh?t? the.followmlg nqgr'g%illgd??%ﬁgrl%t:gor%h Is 1rreagl éNIth {eferﬁg]ece to the

accompanying dlrg\?v?ﬁgs In V/Vv?ﬁgh‘f & Bharacters represerﬁ ike pa ron.}J'ghoﬁ??ﬁe' drawings,

wherein: [0009t FGctistapesvarsuimsea driling isyBtpnsatwotblingtesanemietdiment bfethel

invention; [001g]s1ﬁf)(-35'e§ zlilsllsjesﬁlr ?Sar?dcégr? l-gsl’l%gg o ?rla\rllis er %%%e@%%?&le%ﬁ%rﬂ%‘F%%wgqll'?da
wellhead system;
a load.

[0006] In another embodiment, a system comprising a contactless power transfer
system is presented. The system includes a primary element, a secondary
element and a first field-focusing element disposed proximate the primary
element. The system further includes a second field-focusing element disposed
proximate the secondary element, the first and second field-focusing elements
being configured for operating at two different resonant frequencies to focus a
magnetic field and exchange power between the primary element and the

secondary element.

[0007] In another embodiment, a system comprising a contactless power transfer
system is presented. The system includes a power source and a first filter
coupled to the primary element and configured to transmit power at a first
resonant frequency. The system includes a first converter and a rectifier coupled
to the secondary element and configured to deliver power to a load. One or more
sensors and second filters are coupled to the secondary element and configured to
sense at least one parameter and transmit data at a second resonant frequency. At
least two field-focusing elements are interposed between the primary element and
the secondary element, a first field-focusing element configured for transmitting
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[0011] NG. 3 illustrates a detailed view of a eontactless power transfer system according to an
embodiment of theinvention; and [0012] FIG. 4 illustrates a detailed block diagram of the
contactless power transfer system hosted within the cavities of a sub-sea component according to
an embodimenpofvtre ahvestidnmsDEFALEDIRESCRIPAAON [80034 Fléd-Tdtustigtedecasub-sea
drifing system geRAMIAG RAnSbadimeatel ihenention. 18 sub-ea Ao sysiem, i
includes various systems and subsystems interconnected underwater and Q’ystems onshore.
Sub-sea produetiorcsigstenesunkeyl inctbdemmdtiplel sateltite weksvwidatfidvdings caupleditoefor
example, a suby s%gistribution unit 12 that is in turn coupled to a master control station 14 that is
hosted for example on a floating drilling vessel or floating oil platform. The phrase "coupled to"
refers to any form of interaction between two or more entities, including mechanical, electrical,
magnetic, &%Wrﬂ&@%tic, fluid, and thermal interaction, Two components may he coupled to
each other even though they are not in direct contact with each other. [00141 'Wellhead systems
16, 24, 26 at th@susiaTreot aach sateliteuns|l opdbe, ser-bedanigyide thecsirdsirahangdipressure

containing interf for the drilling and productjon equipment, Each wellhead system typically hosts
a sub-sea cont?‘gaﬁ%c?ﬁﬂfgel cl&ibu8 Srﬁt%?ﬁbﬁ’i?ﬁﬂ HHit @Wé’&%ff{fﬁ?@ﬁdtdiﬁ%ﬁ’i’c?&%ésflb%qines

between each satkllitgeyealiand thenastppaonizal siation 14 whiemete epataiervepstation 20

may include, irh%ne embodhr\ré%gt, rem ter,operaéed vehicles to assist in the drilling and production.
[0015]ConcenthE RS SHENE 9! Lfcfra e BBFEY Y fubing hangers, and tree heads are
disposed beneath each wellhead system 2.4. During production, oil and gas is transported from
beneath the sea-bed via a well-bore at high pressure and temperature. The primary function of a
wellhead systelfitbidonttol ierfitswy Db @it saadlot s svitsor asgpuditttovall cThe dveliéad system
may further prcgp{éq%‘%qlliggpal. features such as ports thr injecting chemicals, well intervention
elements for wet and dry mate connections, pressure relief elements such as annulus vents,
sensors for monitorin.g the tree and well for parameters such as pressure, temperature, corrosion,

erosion, sand E%? ian, flaw rate, flow composition, valve and choke position feedback, and
connection poi té?@%igﬁgeg{ ﬁ%ﬁtg%adSWﬁEﬁ(?%lﬁPéZg’ﬁ?g ¢t tGPIRERSHS CBHIA
termination conowidblench theamaster control station 14 terminates at the sub-sea distribution unit 12
with a dry-mate connection. Multiple electrical coupling connections between the sub-sea

cistibution U2 ar hessaielie wellerd YSiRrs 36, 24, 20BIcal inglda vetrae
connections on both ends.”For example, for each wellhead system in‘one embodiment, one
wet-mate conrigetiohrig tnathensbibdseandistribetiorentminl 2ndnd one wet-mate connection is on the

respective_weilhead system. In various embodiments of the invention centa.ctless power transfer
systems are p[oyidgd-ief, Sychwelmats RN MSck diagram of the contactless power

transfer system hosted within the cavities of a sub-sea component according to an

embodiment of the invention.
DETAILED DESCRIPTION

[0013] FIG. 1 illustrates a sub-sea drilling system according to an embodiment of
the invention. The sub-sea drilling system 10 includes various systems and sub-
systems interconnected underwater and to systems onshore. Sub-sea production
systems may include multiple satellite wells with flow lines coupled to, for
example, a sub-sea distribution unit 12 that is in turn coupled to a master control
station 14 that is hosted for example on a floating drilling vessel or floating oil
platform. The phrase "coupled to" refers to any form of interaction between two

or more entities, including mechanical, electrical, magnetic, electromagnetic,
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connection” refers to a connection done under sea., In one example, wet-mate connections are
achieved with the help of remotely operated vehicles (RCN's). [0017] Referring to FIGs, 2 and. .3,
contactless power transfer system 56 may he implemented where a wet-male connection is
required in subfed,drilintheystérmtaofitiG I'Refermipghepamieyl detodtiteR i@ erdsobectional
view of concentric cg?m ents within, a wg Ilh?ad system IS illtflstrﬁ%ed. The reference numeral 36

. VEN ?ﬁggf ?y are not in ggc ontd¢t with eachi ot fr ..
illustrates a por%on 0 irstcomponen shown tor purposes of example as comprising a
tubing hanger that is concentrically disposed within a second component 40 shown for purposes of

example as cotfHdihgValifrcahsrdemisbo foripdfpaséacofuiean pie erits satdblsicish partish of the
tubing hanger %%a%r?@wﬂ&gtﬂf@k&eaﬁﬁaﬂm graiedanped fieithe wellRered4inimthe tree
in

head 40. A power coupling system 46 comprises at least a first power coupling unit 48 disposed

on. the first corApérizRe Bstiand W sdsert. polrsh chigHisaLisrstomispisedyoRatie desbbrica
component 40. Azischissed earligpHheclegiinal soungctions coyRieddadne dirst pawgsgoupling

unit may originate from devices such as down hole pressure and temperature transducers within

the well-bore. AiBghhedtiemfeargesadiiiectipleand the Masttlesoniind HHAgUled O prIVIe a dry
mate connectiqf),alig faciliateRigciicalsrurlingavith hikcanbelimreduleants wiithead, [0018]
FIG. 3 illustrates a detailed view of a contactless power transfer system according to an
embodiment oﬁﬂaq}?\?éﬁt?éﬁtswlé%ﬁfﬁ@ﬂéﬁlﬁmﬁ%%fer system 56 that is part of the power
coupling unit as described in FIG. 2 comprises a primary clement 60 disposed within a cavity 76 on
the first component 38 such as a tubing hanger. A secondary element 64 is disposed within a
cavity 78 on thgd$éédnd companentrdcsngpoasndst?se svehdysAvel anetic tshiekl hfogessample, the
inner walls of the cavities 76, .78 is configured as a shield.such that there is . ;
magnetcielecea) e S e LG Loty T Aot e o Hsusion, ol 7o
and the externahérprsorrvenssuthl dsosulbseattubingeohydonentsyalhd oz \vitidsgiunhessinclude a
non-conducting and non-magnetic partition such as 80.82 disposed. respectivel the first
component 38%%%%%@5@%8%6 c%%gﬁ%at%g%né:ﬁ\%e8%%%??%%?5 gresr%%lnctﬁ(s@ s}lér%][t%e g%condary
element 64. Ndlpiimifing Bndiangpeisiof mooutofductinglartheometiiagdetictiem eras fidbhean he

implemented in the. cavities include.ferrite and related materials. .:1001.9] At Jeast one fieldrfocusing
clement 66 1 TN Ao LA TG et e LD a i et s e UL
configured to fovtesvantia ebtiodigfor tvecfietu ibvusinig gt&meﬁiqnaypmwd@raltﬂﬁﬂﬁwems
resonators, In gng, emaadinent.Jfie 1S3ANAYS Ae-sRRTIgHIRE 19.COmRriog akleast inaists of
unique resonant frequencies. In a more specific embodintent, between the two sets of resonant
frequencies, theifiisty esemsant, frequertyrepayivestonfigosam o drandfacpowel andatee 8evond
resonant frequgpigy My, be caviourgd o ansier datar Eniher datpissheaniadiasaoper ranster
systems in general an |éld-1aocusmg ements In particueiar can be fbund in co-pending U.S. patent
application Setibiocd?4ua1 49 7 diledhote Meashi25rR0tEd) mmtitied TGONTARGT A SSTROWER

TRANSFER SY ND.METH D?:‘{ A pr re casing 68 configured as a pressure
isolation elemecr??;l[nl-:rt%f\ 8%60&%%%?0? %9?39%% udqeﬁssgéer%ﬂs % 7a and pressuré ?sjolatilon cap 80
to isolate high pressrevishittaindtyemwed]-borecetivironiMehipbndlectvitpl7 60 @ilmigdgnsesior and 74
and pressure '508!%%89 &%psnfcf‘@-&raeaqgﬁ%ﬁg@%%ﬁ‘i Qfl%st%%rga9§ﬁ%%ﬁﬁ?al(§Qgg{grgé% ppgssure
within the well-bore environment and cavity 78. Non-limiting examples of pressure isolation cap
material :inclu@é taneaigimelicdn atetinistcinsulaitigrm aehaks, emts.nohepsreuspnaterighsh

wellhead system in one embodiment, one wet-mate connection is on the sub-sea

distribution unit 12, and one wet-mate connection is on the respective_wellhead

system. In various embodiments of the invention, contactless power transfer

systems are provided for such wet-mate connections.

[0016] As used herein, “dry-mate connection” refers to a connection that is

done onshore prior to being positioned sub-sea. As used herein, “wet- mate



[0021] In one embodiment, the primary element 60 is coupled to a power source (not shown)
hosted on the control module 18 as referenced in FIG. 1. The secondary element 64 is coupled to a
load disposed within the well bore. In one embodiment the load includes sensors are configured for
sensing at leasEOMEPHBMESEFS iR 17 £onscERandoRs tetfperaturd brpressurplRithistthigell-bore.
The contactless paeidransel SySIRMTERTGLIS LOHRANSIEL PAYRE FemiRe paweysource
coupled to the primary element 60 to the sensors coupled to the secondary element 64 via the
field-focusing element 66. In certain embodiments bi-directional transfer occurs such that data is
transferred simultaneously from the sensors to the control module 18 while power is being

transferred frorothe pRéRAESEEIFGEAIGHIQ SeRsOrsohhetlead foayadditionallxeralisraaively include
actuators based on electrical drives, the holding power needed in magnetic bearing applications,

and subsea colftBISHAIHOMMTIRG SLEIAE FOPRSEHABIE AU FHARFRISTASHT BB SRR second
element 64 areisubstantially alReedios MogLificipnt GORAGH eSS pPeweE-ansias Howevsr, in the
presently contemplated embodiments, misalignments, such as up.to several millimeters laterally
and/or several & Fé]égcra{:d)mngfgs%%%lﬁrgﬁigﬁ? NS G AHEREH S hb o ST Sfs622]
Referring to Fl@Gantrangic3ilmustiiple cootactiesshowest ttangiensysterabosuc fasafhoay be
implemented between the sub-sea distriqution unit 12 and the satellite wellhead. systems 16, 24,
26. Furthurmoreéf%ﬂ%nag SRRES &y D %@é%ﬁli‘@t Weﬂ%‘ﬁé‘t?&allr& [ARATAE BRLS fnore

contactless powebtiainstepaysierofsiexefanging pewer andhiiatahehmpasitipeaneseaisgurce and
sensors within the well-bore. An example of cascaded contactless power transfer system includes
coupling a first‘giuSBisgé@fgmﬁﬁstB ﬂ?ﬁ%?ﬁ%hﬁiérzéi@dﬁtéoa@?ﬁmﬂéﬁ?ﬁ REHAGEH stb--sea
distribution unitvhdrdiurhermalecsurhisacont subtgaredisisibutienstsitbbdenaayibhe ecasptes to one
or more satellilﬁz W, % (npt shown for.[?lower and data transfer. 0023a][HEIG. 4 iIIustratefgg%detailed
block diagram 0f the contdttiass p"&% FANEHEP S EMHISR AW h A B CRORISS GHR % -sea
tubing componerit a8atirdingdmantentibadioiepbefithesniveniiescohdepoaniactigsinpourer S@ansfer
system 90 '_”_C|H%e85%(Pr(',ﬁ‘l‘aﬁ}’ elerr(l)er&t ECSO, a secczgn%&ry Zslregg}]ent 64 and ,fle’ldtj%‘ocu}sm el ment 66.
In the specific émbodiment of FIE 24 e BTG uSIng ElEneHt 68 h&tTdes afirsEiféitiifBtusing
element 92 disposedtjotoximait:-the phenfryt plewerdood lanthmiBenendfigifatecusingleleseent 94

disposed proxgrgageaghf se nldar elemen(rgl6t4. The first and gecond J&ﬁld- oc:us:ﬁl elements 92, 94
BeOrS 8P S FELS AL RIS YORULIRY HEN &S 92* 94 are

may each compiise multiple Tes8hators o
configured for aperatifg dlatvge differentpsbnartidreayanaiesndnaidi foces @ maghndiia tieyd to

couple the primary element 6Q and the secondary eJement 64. A power source 96 and gn inverter
98 are coupledty ﬁgnﬁlr‘??rtllé)rr)l/%e etPnfetar?elgﬁtSiSq%%‘ﬁlg? Jﬁﬁ%‘i“%’(% YA ee%%(g]iméﬁflﬁlf)é} 0 has a

band pass respetibeaduch that the resonance frequency of first resonator lies within 3dB of
bandwidth of hand pass filter. In one embodiment, the power source 96 may be configured to
generate DC pgwes thatis;c freguen f resonance of first resonator, and the first
resonator ma;F/E reso]nate gfg%%%%%?egoégégl\iﬂgﬁggé%? f%t%gﬂs%\%&%vén%agfg ﬁﬁszys?%né first filter
100 is configuseeltdipgss sucismhiyhilfreeniericihpoweesiama blBok othéerctiesjupnvies)frostcthe
inverter 98 to the, primany, £l t | ier. field- sing element 66
may include o%gle tsetr?) }eiﬁggs?%?é%gﬁ%éﬁ #ﬁﬁ%ﬁ%ﬁ%ﬁgﬁ%@%ﬁrﬁgéﬁ ég %mu%%/n%gl cS:%Snfigured
fbr resonatingaapanfiesy réeorahbtf dipeney vothaspeatlifig 1o tnelpofiet fegpnenoyt B8muttie inverter
98. Such a tuned g g][g?ﬁ desi lRs magnetic fieldfrom the primary
element 60 onto theﬁseco%lrl %ﬁ/ e%é%%%@%%}?ggélﬁ?r% ?ngé%ﬂ(gl%%:%%vvﬁ%a%ng er g\i/?}nov{/lit{fgnI “an air gap
in the range ofesvodtdosepnitaetetteubout 4 Oreemiatbtets madirsti cedulihdfdiltexdioplandia first
receiving conygter 102 corpled secondar. 4 respectively filter and convert high.
frequency power to lower frequecr%icég%H ggwigr’. I@?rzlfg;gé%ﬁ\?r‘%gﬁltaégr %psj?l %iéh%(}%&%% ﬁ?ga%ésncies
different from mreetietcrelsoninat/friegtreseyicinlonkdliom betireenthiirstamesivihg tohveiterth®?2
demodulates the;powes regeiyed! tifier led to the receiving
converter 102 is lconf.igu’red to sugp%&}é%%pﬁ)%ﬁ??o a Igtgs Sllgg% gtlé%tl’%g%i%?’rg%g ?[%Igp %l.tg] Sensors
106 may inclu%&@ﬂi%!@ﬁhﬁﬁdﬂﬂh@&l sensorendralinagyfeyatiomgfetialfiptt tivansaticess. For
purposes of exarRp e300 F.SFOARIFDB L ELASH HRWEVAY  MPRE SUSHLSRASRIS MIAY he

coupled to the secondary clement 64. Sensors 106 require power to operate an nse at least
one parametetOsbeity agntédinpeiarure deprassirend tich sensdasyasrEdesigred Mowviinsiéameg high
pressure and temperatures as they may be dispased in environments such as well-bores. Apart
from receiving power, sensors 106 are configured to transmit data such as sensed pressure or
temperature that is required for purposes of controlling the operations of oil drilling.



[0026] A second inverter 108 is coupled to the sensor 100 and configured to convert / modulate the
data signals into a high frequency data signal. A second filter 110 passes the high frequency data
signals (and block other frequencies) to the secondary element 64. A second field-focusing clement
94 is configuredtxeresenatacn-sxuicHo g esdmmnt reguencditferbrhfiorantibe firgtleazurietht
frequency such;thgl.magnetic figldfrem the secondaty glemgnt 64 is focused on to the primary
element 60. A second receiving filter 112 and a second receiving converter 114 correspondingly
filter and convert the high frequency data signals into a readable frequency range that can be

handled by the ESH{Pb thberifeons. fdd dner e iRieg IOl B NITERS W RFIR AT G REF N the

second resonari dhesene SRR Ssc{0R3A/ RIBHHNOBA0RIOVIING REIVES @5 &ata thansietic
contactless power transfer system 90 may further be used to provide voltage transformation such

as, for examplel ff rebtfcifie S 0sHa TS FER By Biekdng Bl wedtn eiRrBmerst. ithidf e

appreciated thatrsbshiveliagadiapsiatmatandsnpsstlePyoyasyiadthesumbeaaf damsar the
primary and the secondary elements, Furthermore, in certain embodiments a voltage regulation

module may he'fiitEGRAEGWRRTAR: comih AEKSs PERECHERRrdIBate AT Gt et ROV SHESY
regulation is prexigeshfof-@pevealiage ehanorwihalesRaatieyoads sUch RSacbdatergalR28] In an
exemplary embodiment,advantageous to have an integrated sensor for example, comprising the
second fiter 1169 X8R msew&%g?mg?%cféﬁ%alﬁnépmfzenW&%@csmgoﬁéﬂf 2, and
rectifier 104 integrateddetiifindheosensrsd powist eakaier ebagdimeptncthpiinreld-spagengonstraint
within the caviti(?%%lz the tubing componenis s?gr?r of the electronics such as the second filter 110,
second inverte £ 4P UL ARBPEOTVA 83@9“5%%“&5@@?%?? CPHOREN 194 may be
hosted on the goniil4nnduiged 8 diavivigreenpRurioatornewiticthe censors(IOIGHR She yeliHyore.
capabilities withj ' S ].enienting field-focusing elements enhances coupling
between primam&%jm%ﬁﬁﬁl Frer efficiency for larger gaps. Further, such
systems are robust to variations in the load without much sacrifice to the efficiency. Further, the
field-focusing dleddéhts aresdesigrmthfobiictddhanedlingfopusigeatsatdeastdlwmelistincthe
frequencies. Such, multiple fregyen %?P@d%&%” < %"'%%datﬁdtv@%%séﬁ&pfs"g arﬁ%”dcgat%é'%”a's
independently across a common field element. Bontactless power transfer sys ems enable
wet-mate connectiadighdiscomne etithith o welibgrefttheronaiepene cavits eéhaldlesitohitinuous
power supply without,disruption pf production for an entire field during a localized limit at one well.
100301 Wi S S b e R T P Thr
many modificatidris mnthichaghesassiioceihio thoseBKilbed énthemmtrit isdihevefois, tihe-
understood that the appended claims arc intended. to cover all such modifications and changes as
faII Within the tqrhl’glgbl Iteg%a%ﬁ (iiﬁ(]gveorrﬁigﬁessure 1soe1at10n cap maltcrial mceiude non magnetlc
materials, insulating materials, and non-porous materials.

[0021] In one embodiment, the primary element 60 is coupled to a power source
(not shown) hosted on the control module 18 as referenced in FIG. 1. The
secondary element 64 is coupled to a load disposed within the well bore. In one
embodiment the load includes sensors are configured for sensing at least one
parameter such as, for example, temperature or pressure within the well-bore.
The contactless power transfer system is configured to transfer power from the
power source coupled to the primary element 60 to the sensors coupled to the
secondary element 64 via the field-focusing element 66. In certain embodiments
bi-directional transfer occurs such that data is transferred simultaneously from the
sensors to the control module 18 while power is being transferred from the power

source to the sensors. The load may additionally or alternatively include
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ELEMENT LIST 10 sub-sea drilling system 12 sub-sea distribution unit 13 sub-sea distribution unit
14 master control station 15 termination cord 16 Wellhead system 18 sub-sea control module

actuators based on electrical drives, the holding power needed in magnetic
bearing applications, and subsea control and monitoring systems, for example.
The primary element 60 and the second element 64 are substantially aligned for
most efficient contactless power transfer. However, in the presently
contemplated embodiments, misalignments, such as up to several millimeters

laterally and/or several degrees radially, are more tolerable than in conventional

embodiments.

[0022] Referring to FIGs. 1 and 3, multiple contactless power transfer systems
such as 56 may be implemented between the sub-sea distribution unit 12 and the
satellite wellhead systems 16, 24, 26. Furthermore, within a wellhead system, for
example, wellhead 24 may include one or more contactless power transfer system
for exchanging power and data between the power source and sensors within the
well-bore. An example of cascaded contactless power transfer system includes
coupling a first sub-sea distribution unit such as referenced by numeral 12 to a
second sub-sea distribution unit 13.  Furthermore, such second sub-sea
distribution unit 13 may be coupled to one or more satellite wells (not shown) for

power and data transfer.

[0023] FIG. 4 illustrates a detailed block diagram of the contactless power
transfer system hosted within the cavities of a sub-sea tubing component
according to an embodiment of the invention. The contactless power transfer
system 90 includes a primary element 60, a secondary element 64 and a field-
focusing element 66. In the specific embodiment of FIG. 4, the field-focusing
element 66 includes a first field-focusing element 92 disposed proximate the
primary element 60 and a second field-focusing element 94 disposed proximate
the secondary element 64. The first and second field-focusing clements 92, 94
may each comprise multiple resonators or a single resonator. Field-focusing
clements 92, 94 are configured for operating at two different resonant frequencies
and to focus a magnetic field to couple the primary element 60 and the secondary
element 64. A power source 96 and an inverter 98 are coupled to the primary
clement 60 via a first filter 100. In one embodiment, filter 100 has a band pass

response such that the resonance frequency of first resonator lies within 3dB of
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20 remote operator workstation 22 24 Wellhead system 26 Wellhead system 28 Concentric
components 30 32 36 portion of first component 38 first component/tubing hanger 40 second
component / tree head 42 electrical connections 44 well-bore 46 power coupling system 48 first
power couplinghanidwidth of band pass filter. In one embodiment, the power source 96 may be

configured to generate DC power that is converted to the frequency of resonance
of first resonator, and the first resonator may resonate at frequencies of several
tens of kHz to several tens of MHz. The first filter 100 is configured to pass such
high frequency power (and block other frequencies) from the inverter 98 to the

primary element 60.

[0024] As discussed earlier, the field-focusing element 66 may include one set of
resonators, for example, first field-focusing element 92 may be configured for
resonating at a first resonant frequency corresponding to the power frequency
from the inverter 98. Such a tuned resonator by design and structure helps focus
a magnetic field from the primary element 60 onto the secondary clement 64
resulting in efficient power transfer even with an air gap in the range of about 1
centimeter to about 10 centimeters. A first receiving filter 101 and a first
receiving converter 102 coupled to the secondary element 64 respectively filter
and convert high frequency power to lower frequency power. First receiving
filter 101 further blocks frequencies different from the first resonant frequency.
In one embodiment, first receiving converter 102 demodulates the power received
from the power source. A rectifier 104 coupled to the receiving converter 102 is

configured to supply DC power to a load such as the sensor 106.

[0025] Sensors 106 may include a plurality of individual sensors or an
aggregation of multiple transducers. For purposes of example a single sensor 106
is illustrated. However, many such sensors may be coupled to the secondary
element 64. Sensors 106 require power to operate and sense at least one
parameter such as temperature or pressure. Such sensors are designed to
withstand high pressure and temperatures as they may be disposed in
environments such as well-bores. Apart from receiving power, sensors 106 are
configured to transmit data such as sensed pressure or temperature that is required

for purposes of controlling the operations of oil drilling.



49 connection flange 50 second power coupling unit 51 dry mate connection 52 56 contactles
power transfer system 60 primary element 67 64 secondary element

[0026] A second inverter 108 is coupled to the sensor 106 and configured to
convert / modulate the data signals into a high frequency data signal. A second
filter 110 passes the high frequency data signals (and block other frequencies) to
the secondary element 64. A second field-focusing element 94 is configured to
resonate at a second resonant frequency different from the first resonant
frequency such that magnetic field from the secondary element 64 is focused on
to the primary element 60. A second receiving filter 112 and a second receiving
converter 114 correspondingly filter and convert the high frequency data signals
into a readable frequency range that can be handled by the control module 18.

Second receiving filter 112 blocks frequencies other than the second resonant

frequency signals.

[0027] In addition to providing power or data transfer, contactless power transfer
system 90 may further be used to provide voltage transformation such as, for
example, for reducing a voltage from primary element to secondary element. It
may be appreciated that such voltage transformation is possible by varying the
number of turns on the primary and the secondary elements. Furthermore, in
certain embodiments a voltage regulation module may be integrated with the
contactless power transfer system 90 such that voltage regulation is provided for

any voltage change with respect to loads such as actuators.

[0028] In an exemplary embodiment, it is advantageous to have an integrated
sensor for example, comprising the second filter 110, second inverter 108, first
receiving filter 101, first receiving converter 102, and rectifier 104 integrated
within the sensor 106. In certain embodiments, that have a space constraint
within the cavities of the tubing components some of the electronics such as the
second filter 110, second inverter 108, first receiving filter 101, first receiving
converter 102, and rectifier 104 may be hosted on the control module 18 having

communication with the sensors 106 in the well bore.

[0029] Advantageously, contactless power transfer systems as disclosed in

various embodiments above have compact designs as compared to the inductive
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cavity 78 cavity 80 non-conducting and non-magnetic partition
power transfer systems. A compact design enables larger power transfer
capabilities within a given space. Implementing field-focusing elements
enhances coupling between primary and secondary elements with higher
efficiency for larger gaps. Further, such systems are robust to variations in the
load without much sacrifice to the efficiency. Further, the field-focusing
elements are designed for field channeling/focusing at at-least two distinct
frequencies. Such multiple frequency bands can be utilized to transfer power and
data signals independently across a common field element. Contactless power
transfer systems enable wet-mate connections to disconnect without turning off
the main power. This enables continuous power supply without disruption of

production for an entire field during a localized fault at one well.

[0030] 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.
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A system comprising: contactless power transfer system (56) comprising a primary element
(60), a secondary element (64), and at least one field-thcusing element (66) interposed between
the primary element (60) and the secondary element (64) and configured to focus a magnetic field;
a partition (80282)stiisposetizisetwernrthe primary element (60) and the secondary ethment(64) ,
wherein the contactless power transfer system is disposed within pressure isolation cavities (76,78)
of a sub-seéoés’éeéﬂm and configured to transfer power between a power source (96) and a load
(106). C?[[.pr%he system gf claim 1, wherein the partition comprises a non-magnetic and
non-conductiig®isk&ria?2d 3. The system of claim 1, wherein the contadless power transfer
system is c%léigurgg to gx&@gnge data between the 'load and the power source. 4. The system
of claimwherein the fliel%l-?ocusing element (66) comprises one or more resonators comprising at
least two uRighe.resanant frequencies. .5.The system of claim 4, wherein one of the resonant
frequencies is

112 second receiving filter

114 second receiving converter

13



configured to transfer power and another of the resonant frequencies is configured to transfer data.
6. The system of claim 1, wherein the contactless power transfer system further provides a voltage
transthrmation between the primary element (60) and the secondary element (64). 7. .A system
comprising:(doAafdéfiess power transfer syste (90)comprising a primary element (60), a secondary
element (64), a first field-focusing element (92) disposed proximate the primary element (60),

and a second field-foousing. ¢lemGRLE4Y disposer proximate the secon a element (94),

a contactless power transfer system (56) comprising a primary element (60), a
secondary element (64), and at least one field-focusing element (66) interposed
between the primary element (60) and the secondary element (64) and configured to

focus a magnetic field;

a partition (80,82) disposed between the primary element (60) and the

secondary element(64) ,

wherein the contactless power transfer system is disposed within pressure
isolation cavities (76,78) of a sub-sea assembly and configured to transfer power

between a power source (96) and a load (106).

2. The system of claim 1, wherein the partition comprises a non-magnetic

and non-conducting material.

3. The system of claim 1, wherein the contactless power transfer system

is configured to exchange data between the load and the power source.

4. The system of claim 1, wherein the field-focusing element (66)
comprises one oOr more resonators comprising at least two unique resonant

frequencies.

5. The system of claim 4, wherein one of the resonant frequencies is
configured to transfer power and another of the resonant frequencies is configured to

transfer data.

6. The system of claim 1, wherein the contactless power transfer system
further provides a voltage transformation between the primary element (60) and the

secondary element (64).
7. A system comprising:
a contactless power transfer system (90)comprising
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the first and second field-focusing elements being configured for operating at two different resonant
frequencies to focus a magnetic field and exchange power between the primary element (60) and
the secondary element (64). 8.A amtactiess power transfer system (90) comprising: a primary
element (60); & powerysdareentd6Phnd a first filter (100) coupled to the primary element (60)
and configured to transmit power at a first resonant frequency; a secondary element (64); a

first converter (102)sagshaar@cdifigletkQdxgoupled to the secondary element (64) and configured to
deliver power to a load, one or more sensors (106) and second filters (108) coupled to the

secondary element ?nd rfffjé%ured. to S(Tnse atg st on(?é%ziameter and transmit data at a second
resonant frequendl: St ¥ fEARF B EIGRSEL % SERRATE PGP FELBABS ISR Hhe
primary elg@@nt(@0) and the secondary element (64), a first field-focusing element (92) configured
for transmitting power at the first resonant frequency and a second field-focusing element (94)

configured for tra srgégg}%dﬁ%?ﬁtg? second reso ljfr@ eney; and. & ﬁlecond converter
(112) coupled to tQFue primary e ement to %ece%live da[??omlt & one %rroxmlfjnr%esengorsgc((i% 24
element (94),
the first and second field-focusing elements being configured for operating at

two different resonant frequencies to focus a magnetic field and exchange power

between the primary element (60) and the secondary element (64).
8. A contactless power transfer system (90) comprising:
a primary element (60);

a power source (96) and a first filter (100) coupled to the primary element (60)

and configured to transmit power at a first resonant frequency;
a secondary element (64);

a first converter (102) and a rectifier (104) coupled to the secondary element

(64) and configured to deliver power to a load;

one or more sensors (106) and second filters (108) coupled to the secondary
element and configured to sense at least one parameter and transmit data at a second

resonant frequency;

at least two field-focusing elements (92,94) interposed between the primary
element (60) and the secondary element (64), a first field-focusing element (92)
configured for transmitting power at the first resonant frequency and a second field-
focusing element (94) configured for transmitting data at the second resonant

frequency; and

a second converter (112) coupled to the primary element to receive data from

the one or more sensors (106).
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9.The contactless power transfer system of claim 8, wherein the load comprises one or more
sensors to sense a plurality of parameters within a well bore (44).

9. The contactless power transfer system of claim 8, wherein the load
comprises one or more sensors to sense a plurality of parameters within a well bore

(44).
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