CONTACTLESS PONAER TRANSFER SYSTEM BACKGROUND [0001] The invention rel ates
generally to contactiess power transfer systens and, in particular, to
coraactl ess power transfer for subsea applications. [0002] Subsea or other
underwater well drilli gg)]ﬁtgﬁel& res, such_as those used in the oil and gas
i ndustry, include use i SP @B{ER TRANSFR S OHEMsuch as, for
exanpl e, connections between sub-sea distribution units and floating
drilling vessels or floating oil platforns. Another exanple of electrical
connect i onpATKkggesygpupl i ng between an annul ar space around a well bore
and a tree head within a well head to provide power to down hole el enents
such as sensors. Traditional installation approaches include precisely

al i pi ng connet?qUdhdhe imrpntine relatss mgnevaliy b canactises power thamater spétegamaht i s
difficult to i i - i rticularly in deeper waters
and in situat ?Poﬁa!srﬁ(v\!cﬂzéﬂf& (?1&{??1%%\%56 %%r;tga%?%pgggfvﬁugge&appﬁ i O:;llt\é\/erti cal position
to maxim ze reservoir penetration into a hydrocarbon bearing structure.
Conventional [0992hBliatch on otiEp nadahescr addi drilting ptocetmnes) sueh tahenoys @s@f indi ver s
or renotely operated vehigcles to effect_ the physical connection necessary
for mechani cal®®& 3P GHLISEY ‘é‘f’]é’g? Prcal mebi ededrisa sieesetione sedsniPrhanger
and the tree andhyel LisRESons bAMR3] STYRESUiMbNRST TRIE SONAGREY Frifh

i npl enented in sub--sea drilling systens to couple two or nore“el ene
such as di strvéseels o S9atingneil pletfeons, Amcthel exdmplei of rbxitdiaab confeotion
wet - mat e connlegléli ons r %ui re increased isolation . fro eavvat(fr at hi 8h
pressure whil@& r‘i‘%%??‘ﬂ%‘ BB A hARTH Y BACHALIHRY DBE SART a\ige hifafl e
connectors i NpltREALIAIheA®GHARLERE NG AN NS clinferfl EhiCHd LedRrcont rol
and align in sub-sea environnents. Another design for coupling between
concentri ¢ welapiéignaleinstsllation iapploaches ialuie duesisele abguipketonnectionarfedrer an

el ectrical si . col aligned in cl Xi m.ty.. Hopever,
such a desi gntglggﬁbdﬁ%@?? e(r:it%%e ﬁrg% gerlll'calllg?nlgﬂblst%%ﬂg’] f%crﬂé%‘%él g S&B%ﬁﬁyi ng a
| arge space. dnwirbh@entsspaiticyslyens daper lWwatbisedndamdwitditibnandhbRekK the
efficiency when subjected to |arger gaps, |oad varjations, or )

mi sal i gnment svellbpppiufevisiad fave@evar§cal nostien lormawinies GersryeaN pengtration
centactl ess t - W r jLe. i | i g nt ;and will
not require g%%ﬂ%‘}e(ﬂg%fé@g% et%g{/lrel%/: Jé‘llugﬂlg%' dlé\gg?é@%)fplgggﬁsgﬁ%aglﬁb %ﬁ?ﬁ?—c}les
DESCRI PTI ON [2d0fhalBy imblve, tha wsy of dinetnoprensitélg dpetaat actitles o pvethe
transfer sysm.i ﬁ %rqgsent ed. The systemincludes a prinmary elenent, a
secondary el &T&F2 eciton) Reeersap T mettnical GRRsstiene fk plecirislepgiiacy

bet ween t he i ment and configured to
focus a magn%ﬁ‘%&w%f%]sﬂg}%gggfﬁdgﬁe?lgggﬁ&s]g%}sﬂéﬁiag'et ween the primary el enent
and the secondary el enent. The contactl ess power transfer systemis

di sposed wit h0003prlopsaly wstimté cwnoestotsi ess ofmpiensaeds da  astsseb |dyilkimg

configured tqg transfer power between a power sour.ce. and a | oad.
9 Systems %0 cou;g‘]evy\?vo Or more elemegts such as élstrlbutlon systems, sSensors,

ts

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 enbodi nent, a system conprising a contactless power
transfer' systemis presented. The systemincludes a prinmary elenent, a
secondary clenment and a first field-focusing elenent disposed proxinate the

primary el engnt. e gystem furiher jncludes a secopd field-focusin

Ol eront ai spalld) ShesdHie 6 AEcd BEonhity® BRERE ERGETESoRe RGC MR ng
fiel d-focusi g abergits pRelsedligambhiadedilf &t LRErah réfolopkieddvdhige ent
resonant frequencies to focus a magnetic field and exehange power between

the primary etdnenir eouplinge secondary el enent. [0007] in another
enbodi nent, a system conprising a contactless power transfer systemis

present ed ]lé:}re]féssq 'Fgﬁl udes a power source and a first filter coupled to
the pri rra]rs%/{ €l emen Iﬁg]rl;i configured to transmt power at a first resonant

frequency. The systemincludes a first converter and a rectifier coupled to
the secondary el enent and configured to deliver power to a | oad. One or
nor e sensor s[(@06] Beefhndaf syistear scoarpeistgupl echtdalessheosec drmbafey sisemens and

configured to sense at | east .one paraneter .and transnmt data at a,second
r esonant freﬁrﬁé‘?ﬁ’éﬁfl_‘ ﬁﬂe YL IRolides; apympryclemped élséﬁ‘ﬂ’rﬁi%gy glf”éleiﬂhtagﬁﬁ sed
bet ween the RAEiNREYieRl-RGhg And i EnteHBONIRtW et BB PRmad dléhédt and the

field-focusing elenment confrgured for transmtting power at the first
resonant fr espuembyy shunent smdooehffguedddid dewnsi o gnagnetierficléond i partiben fior

t itti .dat t th d t f . d i
coup! 6d 1o CHENSE e e aRenbiTas; Glib ik 40 rr e cHansi nors & S
sensors. Dl LAnWchEdsDowled @aBdferd BRsen andspiisbe ivifheapiesafie isattioatcavitiendfl

advant ages of the present invention will becone better understood when the
fol | owi ng det sihsed agwestily prd epnfigiredigdransies ppatee PeIFEEN EPOMEE SAEED AFhNY i ng
drawi ngs in ia h |ike characters represent |like parts throughout the
drawi ngs, wherein: [OOFIG 1| illustrates a sub-sea drilling systento an
enbodi nent of the i: ;cation;

[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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[00101 FIG 2 illustrates a cross-sectional view of concentric conponents
within a well head system [0011]] FIG 3 illustrates a detailed view of a
contacti ess power transfer system according to an enbodi nent of the

i nvention; and 0012],F|gi 4 illustrates a detail ed Hoek diagram of the
contacti ess p&REFT (A olHET BFSt Sipeqneat Hesgperrynianhi & sepende dipld-fasysiog elemght sea

conponent acc ¢ i f i [Lon. E | PTI ON
[0013] FIG T Aed o RafSTROMIBIG 1 i%ﬁﬁé”g};g&e’lr’r?’gcfé%}%gﬁ% 2 e
enbodi ment of coimertienisestiupbad. to The psmbryseamdni fol iebgves dstaerom thd ol srdasre

vari ous systens and subsystens interconnected underwater and to systens
onshore. Sub- §#5°Pr oduction systems may include nultiple satellite wells
with flow lines coupled to, for exanple, a sub-sea distribution unit 12
that is i nDRAWINGSpPl ed to a master control station 14 that is hosted for
exanple on a floating drilling vessel or floating oil platform The phrase
"coupled to refers to any formof interaction between two or nore entities,
i ncl udi ng necH¥NBE Aheseandatherdgpturesaapnests.candeldyentageraefitbe prssentfihvérdionand
thermal intergggi o] upl ed.t o, each ot her.eve

hough t hoy afd) hafomd S ECRRISIG WIS GRRInE s aBe R i g
systems 16, 2with26feadnct he tisuindcdamanyingaehvias eh hilieh Wet thabcttRecpRached

provi de the gltﬁlgucturﬁxlé)ﬁaﬂd pée sure containing interface for the drilling
and product i of<ERATISIRONBIOE ARG AR INgTe HACYLt em t ypi cal | y hosts a sub-sea

control nodule 18. Sub-sea distribution unit 12 is configured to control
the flow |lines between each satellite well and the master control station

14. A renote [OpeYjEbIe. IMREKSAES 4 Ob-2Q drNng Elﬁétélﬂ;%ccdraingﬂs aﬁfég%%ﬂi%}ﬁ of

renotely operated vehicles to assist in the drilling and production.
[ 0015] Concentth¢ 1veBhpiinent s 28, such as wel | -bores, tubing hangers, and

[0010] FIG. 2 illustrates a cross-sectional view of concentric components within

a wellhead system;

[0011] FIG. 3 illustrates a detailed view of a contactless power transfer system

according to an embodiment of the invention; 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

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,



tree heads are di sposed beneath each wel | head system 24. During production,
oil and gas is transported from beneath the sea-bed via a well-bore at high
pressure and tenperature. The primary function of a wellhead systemis to
control the flow of oil and/or gas_into or out of ghe wel | . Thg}%l head
system may fii¥idhard Fiowpbtegagian ohyp qosOnFRYS T8t Re £8URlet {2 et OMtect i ng
chem cai's. Wglch AllATHENLLOR fH AIRMGhPLvittPlacRthll Y Mm@

connections, pressure relief elenments such as annulus vents, sensors for
monitoring the tree and veli for parameters such as pressure, tenperature,
corrosion, €0osdlowellbentdsybeinect 6,063, 26| dwhe atdacd bHeachomatpbistetwelh onvhe ve and
choke position. feedback,, and connection points.f.or .devices such down

hol e pr essur%aﬁ’ﬁg W&WEEF]&? ﬁtrr‘éth‘ia ALY BEEFYC CR“?%Wﬁgilﬁ‘ie_f%ﬁe _iocfrtg'_e igﬁﬁ?%m t he
master contrgld sloabb@sh buibBicll NatRe RbIINdAA §Hems aFpidhis) Mobld Gab4BA t 12
wth a dry-mate connection. Miltiple electrical coupling connections

bet ween t he ®ubokwaddiestts: | Buh-seardisiributiorpurih 2 isheondigved torcentiel thedlad syst ens

16, 24, 26 typically includ t-mate nnections ndg.

exanpl e, forlyrgeggnr?lt‘v\%einl He; dsageg}]’\é\%e &?ﬁn%ﬁge Eoe i GYBHE Stgﬁélbvl\gt -%a’ieg%rte
connect i on igpeiort R@ricicHe2) Ghst indditel O dhel EmbadinRAL eniPtelptoprrdted
connection is on the respective wel|l head system |n various enbodi nents of
t he i nvent i offhictesrie aetistds shaybilking endirofesti&yst ens are provided for such
wet - mat e connections. connection” refers to a connection done under sea.
In one exanple, wet-mate connections are achieved with the help of renotely
oper at ed vef[bsisgs ( RO¢Shcenthi® QdrfipoiRehesd, 1s06h hOwel Bores2nditth FangeRNAAEL | €SS
power transfeer system 56 may be Pnpl enented where a wet-nate connection is
required in tsethesdwarddisposetbaysthemarc @ ebhedd gstem Rbf Buring groducpantditul ar to

FIG 2, - i onal. vi f tri ts wthin ellhead
system is i IA0eR & EropoHel For PEnel foner 2t T8 P veots ch b e En o
the first coppas@ptradfe.s MW pdRAiPHLBOSEST af welaaR!gs@fm BoPEdngionghé t ubi ng

hanger that is concentrically disposed within a second conponent 40 shown
for pur posedlost obgidmpilier gas sdepr iost algthe welbe The aellhpads gysteamp may iupibses of

claotr al BAAE: Pl SrRREL AR o Bt R ApISRAT Lo e S, | e

head 40. A p@eBienton BlehitgtsSivs A dgoitiatd sesecdtiodsepbsuie fdlies tlapoones
coupling unit 48 disposed on the first conponent as and second power

coupl i ng unistclses anrpes ¥antansenpers dat saiteanp dhe ftee s0d walk fof Rarpasises
earlier, th i L0 plLed: to i L C i ng
unit may or ;éﬁlé{é&% Sﬁlgér’h tglgl@%g%é’sét}c ogfgg ’ o%ﬁhhgﬁéﬁ%{téecg@&’rg anatef gl#g}er ature
t ransducer s cempbsitioi,healwel dndooheke Positiomefetdtowkf laadgmndection poimpd d¢dr t 0 t he
tree head and ,configure to provide a dry nmate conne tion&{gl tq facilitate
el ectrical d8YisEs HF st _“frh]é"lﬁé’ﬁ‘fsls'b‘le dHPRCIBHIE AEIHRISPRedd F8HH FIG 3
i |1 ust rat es ogrqded bhPhoth@eOlonfrof bR T4 EFSnRRVES tHe! RBSEEdiH SRR
according to an enbodi ment of the invention. The contaetless power transfer
system 56 t bait I2swpithra doj-mate cpowetiog.oudhltipde ehictricad cdelong bethechiol G 2

conprises a, primary elenment 60 di Spos i thin a.cavi 76 on t irst
conponent BBQWEH ﬂg“ss 'ﬁeﬂgli‘%’@bﬁéﬂﬁ‘dgw 1922“&\%8 ﬁﬁtgﬁﬁ}e &eghéqtsyétqusl%g?é’pos ed
within a Ca}llﬁ&?i@zﬁl)ﬂiﬂcw&% WwaGRAE c6RAHIRABRANEN HBtISHRR. aBorexdanffe, fBRGachA
magnetic shield, for exanple, the inner walls of the cavities 76, 78 is
confi gur ed asllhexhiysteth suche ehedinteat, one sveiapaietconnedtioats peahy suteeea ost ati ¢
shi el ding betyween the.elenents hosted with the cavifi 76, 7 { he

ext er nal en@’lS HoRY tuLﬁ L OﬁbW%tél'ﬁath UBPREES Sgorlllettrlll §$Spf ?%Vecgl\?ﬁﬁ%éls

t hi ther inchkyigena MmovargazdesbdditheBRCoMMR- MBEMEdH, Ccopactibdsi piwUindsr 80, 82
di sposed respectively on the first conponent 38 and the second component 40
bet ween t hesystémmarg pepefecthfor suchaye-1AE corBefiiPay el ement 64. Non-limting
exanpl es of non-conducting and non-magnetic nmaterials that can he

i npl ement ed;d he cayi t.] j C"‘B’ﬁ%n rol 3} i .. [0019]
At | east on%ddtjlﬁirl d-fg‘g&rss%(ﬁgeﬂg énent %% clrol‘slh ?cr%%glr 5%%%%%%%%gﬁﬁ(%rﬁ{e}éhlrsi mary

el enent 60 admtk bivhosepaodas Yerpepmitionéd sabdea.onfAsguseddhdrainf §eet mateagneti c
field. The field-focusing elenment may include a plurality of resonators. In
one enbodi nent, the resonators are configured to conprise at |east tw sets
of unique resonant frequencies, In a f#iore specific enbodi nent, between the
two sets of resonant frequencies, the first resonant frequency nay be
configured to transfer power and the second resonant frequency may be
configured to transfer data. Further details of contactless power transfer
systens in general and field-focusing elenents in particular can be found
in co-pending US. patent application Ser. No. 12/731497, filed on March 25,
2010, entitled "CONTACTLESS PONER TRANSFER SYSTEM AND METHOD. " [0020] A



[0021] In one enbodinent, the primary element 60 is coupled to a power
source (not shown) hosted on the control nodule 18 as referenced in FIG 1,
The secondary el enent 64 is coupled to a | oad di sposed within the well
bore. In one errbodh%rrltlgnt t he | oad ingl u%es sensors are configured for

sensing at | e&8t"G pEHE TP et CUUHLIYY dopg underasas| eln enengreanaitley wepmate
pressure withicndddomelrt 2B0Eed JHiR tmﬁs%}melgggsfatédr\feg?lﬁ RITHEM >

configured to transfer power fromthe power sou coup primary
el enent 60 to the sensors coupled to the secondary clenent 64 via the
field-focusing element 66. In certain enbodi ments bi-directional transfer

occurs such t ta I.s tr ferred,si nul taneously fromthe sensors to the
control nodul wag?%ﬁ?ﬁr%n%%\)/\g?é?'?%%qd%’gcqrglf%?%lg?sepc%‘aytf% SHECHote 2 RGr ce to
the sensors. fihglemeadd veneraddidtingaalcbindtiodlid Rignatd Ve bub-sACdilfg spabdat or s
based on electrical drives, the holding power needed in magnetiC bearing

appl i cations, |4t Elfbslea Refsting immartiasiare tor iFlg. Syt erpss-seationak gt edf The

primary el ene s C re .suhstanti a ali gned for
nost effici en%ﬁngg%tn g%ﬁé@e%@v\c‘gﬂﬁfl r%g‘[s@géé(fsé%s\%eer{}el ,IBV%ra?eﬁfe bﬁ%s@tﬁ‘%ﬂ?e
cont enpl at ed ewhedi e iithsiraws agldrgomentis, filstedinpsndnp 38 SheeN Es@purpbidsioret er s

laterally and/or several degrees radjally, are nore tolerable than in
convent i onal @Wﬂﬁ’i‘? A2 ROEPTIFINE o fubpsy E‘F“rgieﬁ&lattés eprsentricaly @isposed mithi a

contact | ess pouGHd LAARSAL 46 ¥AE ETorSHEPRS o SxAKIENS doBIEN Gl REt4oen

t he sub-sea distribution unit 12 an e sate we ystens 16, 24,
26. Furt her noAkso, far tphiposes vebrdnged, EiGt2edepitora portiopoé tharmbirpelachggd 38my

i nclude one or, nore.cantactl ess. power transfer system for exchangi ng power
and data bet wegAeIRRle %%irco ?ﬁ?‘é’gs gﬁdﬂ% 81??8{1 3‘%‘ ngtl‘}l?ér%‘f fntgdhe rean
exanpl e of caggaded £PBRALLOHGIMPNRM 46 , i Lng a
first sub-sea distri b(gti on ulﬁiﬁt such as rgﬁggg%iﬁgaﬁshnﬁ&%eﬁél%%;gh%

second sub- semitdt&dispasge ionrthe first coBpBaenthis amst & secnd Iposrec omeplmghurse 50

di stribution i bg coupled to one re.,satellite.wells (not shown
for power anéﬁl sﬁ;g%%ﬁ%ép aﬁls?f Sé(?c.eng[??&?ﬂneﬁ %\b' T%TSI Airsyss @@ﬁéf’r’dé]?eaiefeé?ﬂ“‘&fock )
di agram ef t hensaabactogted ROWRIfikT Fovedreouplins At hos! @‘i’%iﬁﬁtte Hrdin (dRicegVi ti es

of a sub-sea tubi ng@;onponent according to an enbodi'ment of the invention.
The cont act | §8¢h pod@rn hplgmsesspresanst iempomturgdrangéuces withinegthg veslllebarat 460, a

secondary el .04 £ i | nt 66. In.the specif.ic
cmbodi ment _of CEreio ARRe 3 id FytpeE Rt eRTIRY cBRs s b Broh
fiel d-focusi ngatetameatorD?] i fapidisard elctidal®duplinpevili therbdral BHRNE oRoheand a
second fi el d_feﬁ usj ng el enent 94 di sposed proxinmate the secondary cl enent

64. The firstVantfsecond fiel d-focusing el enents 92, 94 may each conprise
multiple resonators or a single resonator. Field-focusing elenents 92, 94

arc confi gur esh1RPFIQPS i AhdF% S ' t ver! ' and to
focus a magng%bi c?fi el d 1t 0 couspl 38%%&1'5;%“%?3 cgﬁga%g%r%o %r{gaq’tgﬁeg%gg%%lndary
el ement 64. Acqoodieg teeur geb@Bmand ofithd mwentier. Fheacontationl peweotrhidepr i mary

element 60 via,a first.filter.100. I n one enbodi pent, filter 100 has a band
pass respons® it R%lﬂmﬁfs P °£ WEPNRIGE LY DG HEHIAP ‘gf?crf}?efjé’él Fl@s3RamFises es

wi thin 3dB 0f primary element 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 the
second component 40 such as a tree head. A magnetic shield, for example, the
mnner walls of the cavities 76, 78 is configured as a shield such that there is
magnetic/electrical/electrostatic shielding between the elements hosted with the
cavities 76, 78 and the external environment such as sub-sea tubing components.
The cavities further include a non-conducting and non-magnetic partition such as
80, 82 disposed respectively on the first component 38 and the second component

40 between the primary element 60 and the secondary element 64. Non-limiting
5



bandw dt h of hand pass filter. In one enbodi nent, 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 qf MHz. The first filter
100 is confi ﬁ’éﬁ‘%@e%%*a %@@H@W%ﬁ”&ﬁl%@a&%‘ﬁ‘éwfi}@?t éﬁ?ﬂ“‘bﬁ%ﬁe’i’i‘?ﬁt&b

f requenci es) if ,eh¥illEs nPNAE k&Fitdfhd RIANemBfcHIR Y el ement 60. [0024] As

di scussed earlier, the field-focusing el enent 66 may i nclude one set of
resonators, for exanple, first field-focusing elenent 92 may be confi gured
for resonati HY181 Aaldast e fidddnewsing elempeeht§ icimtarpsisd hgtwesnt the tiiengspwer

frequency fromthe inverter 98., Such a tuned.resgnator desi gn_and

St rerurs hef oot 8 e seabadt lmint $E e ERBRRRE o Wl B o (e
secondary el geantTHRAfEl@GUEdsidpelbmelf g iiedtdd 8 \Whirality TSE&makMeN Iiichd an ai r
gap in the range of about | centineter to about 10 centineters. A first
recei vi ng fi ¢mkediment, Hredreseraiqrs preye@adiguieddo compEpe drleaspve seipPEENIIECt he
secondary el cti v, i r i r ower
to | owner yf r e%g%{r%gcjg/@%gt\r}\egfc&%Fi IIrn s‘f%é%:g*) %/c?%%%ﬁ%loﬁ 1eréﬁ?f’o et?hg{]ﬁgr&g(rg%%séfp
frequenci es wbdifaat éogudnctn) theefikt resbndre Segaaicyf mey benoufigimed aoeraasfeodi ment ,

first receiving converter 102 denodul ates the g‘gwer recei ved tztre? t he power

source. A reRQWe @ figsceauhresansty FeaucnRe say; cereﬁ%?f & treg ata.
configured t . 6 iQ025]
Sensors 106 I?rlargﬁlié?ﬁ%:t?éﬂggfg%p ulf %ﬁﬁérg%qfﬁggﬁtﬂﬁ%%ﬁ%g?@ fc}%ﬁgfr? Cg%ggegati on
of multipl e demagsicertculbocanfherfposem af-pendimgpUeS. paschhaipdicstiorsBer. No6 i s
illustrated. r, n ch. sepsqrs . may he. c I ary

el ement 64. ]éé%ﬁ E%gr%haﬁ?@hpggeﬁoig’ &é@ﬁ?ﬂ e%ﬁa%g‘éﬁgtﬁ%e If(gg}slblt}gone

par anet er SUCHARSFERNPRLREN ANOF MEESODre. Such sensors are designed to

w t hst and hi gh pressure and tenperatures as they may he di sposed in
envirotunents such as well--bores. Apart fromreceiving power, sensors 106
arc confi gurl8e2Q]oA tnressuve easif 68 soahgersd s ptespire sslpiéorp elemamp e dheir e t hat
is required f o) f I ling-4&h ratj.ons. of .oil_ drdd L1ng.

[ 0026] A seceggoré) d%érgr(ffgfl(%o%q&s]&(ﬁzeguépﬁagdﬂ%’oﬁ %ggé)gé#ésgllr% lfglgtlgffl]cf agoéhq ikdgur ed to
convert / nusilitathegH presdaé avithigthalsell-bbe davirogheht fduRity 7datSintdlagyal . A

second filter 110 passes the high frequen%dat_a signal s, (and bl ock ot her
frequenci es)edld 7¢ §ad J8 @BA prssyurs lhainn &w. 82xare dispagedrareynd PrsetyEs RIS enent

94 | fi A p f t f
The Tirat ooy B B B RO ary

rom t'he secondary
el enent 64 ilsnitiog usexhpdes tod prlessupe i inaintore| epeniatdai] iAckmde oneh-rmegeetud ng
filter 112 and a second. receiving converter 114 correspondingly filter and
convert t he TG AR ARG MY SHAS ARt ymaterialidabl e frequency range
that can be handl ed by the control nodule 18. Second receiving filter 112
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[0027] In addition to providing power or data transfer,contactl|ess
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t ransf or mat epBodlisndd036¢ bR Rl Kem@rd B Boraied fort sbMBin@Natt RastpsigTary and
the secondary el enents. Furthernore, in certain enbodinents a voltage

regul ati on Re@uicter magh ve, ot egmale dewperptyngeoreptichiuae ity thywell-boranst er
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modul e 18 hRA g CARRISRS st 196 et rnererdbidnaly g trmeng Vg idor .

[ 0029] Advant ageously, contactfess power transfer systens as disclosed in
various enbodi nents above have conpact designs as conpared to the inductive
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sub-sea distribution unit 14 nmaster contro{) station

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 elements 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
element 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

7
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within the true spirit of the invention.
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15 termnation cord 16 Wl |l head system 18 sub-sea contro

nmodul e 20 renote

operator workstation 22 24 Wl |l head system 26 Wel || tead system 28
Concentric conmponents 30 32 34 36 portion of first conponent

bandwidth 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 element 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.



38 first conmponent / tithing hanger 40 second conponent / tree head 42
electrical connections 44 well-bore. 46 power eaupling system 48 first
power coupling um 49 connection Rang 50 second power coupling unit 51 dry

mate comedian [(?0226] 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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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
clements 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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ELEMENT LIST
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a contactl ess power transfer systemconprising a primary el enent, a
secondary el enent, and at |east one field-focusing el enment interposed
between the primary el enent and the secondary el enent and configured to
focus a magnetic field; a partition disposed between the primary el enent
and t he set@hfastyecelvemgndnverter wherein the contactl ess power transfer
systemis disposed within pressure isolation cavities of a sub-sea assenbly
and confi gud4eckctifiet r ansf er power between a power source and a | oad.

2. The systemof claim1l, wherein the contactl ess power transfer systemis
di sposed wi @diansér Momd conduct i ng magnetic shi el d. 3. The system of
claim1, wherein the partition conprises a non-nmagnetic and nonconducti ng
mat eri al . 108 second thvedkbie system of claim 1, wherein the prinmary elenent is
coupled to the power source and the secondary elenent is coupled to the

| oad. 110 seeond HBesystem of claim 1, wherein the contactless power
transfer systemis configured to exchange data between the | oad and the
power sour g second receivihg fli@ system of claim 1, wherein the field-focusing
el ement conprises one or nore resonators. 7. The system of cl ai m 6,

wher ei n t he 4fdeBbitlt fe@EVRIgNDnOLREENT Cconprises at |east two uni que resonant
frequenci es.

13



8. The systemof claim7, wherein one of the resonant frequencies is
configured to transfer power and another of the resonant frequencies is
configured to transfer data. 9. The systemof claim1l, wherein the
contactl ess power transfer systemfurther provides a voltage transfornmation
bet weeiy hfiggPrinary el ement and the secondary el ement. 10. The

syst em of c?ai m 1 further conprising a plurality of contactl ess power

transfgr .syst. ed in cascade to transfer power. 11. A
syste (?dﬁr%ernltt@fq%lga?r%cp'ls‘ a contactl ess power transfer system di sposed

Wi thin pressure isolation cavities conprising a primary el enent, a
secondary el -én@§tem gOMpPHHRg f i el d- f ocusi ng el enent di sposed proxi mate the

primary el efedHtact®power transfer system comprising a primary element, a secondary
element, and at least one field-focusing element interposed between the primary element

and the secondary element and configured to focus a magnetic field;
a partition disposed between the primary element and the secondary element,

wherein the contactless power transfer system is disposed within pressure isolation
cavities of a sub-sea assembly and configured to transfer power between a power source

and a load.

2. The system of claim 1, wherein the contactless power transfer system is disposed

within a non-conducting magnetic shield.

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

conducting material.

4. The system of claim 1, wherein the primary element is coupled to the power

source and the secondary element is coupled to the load.

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

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

6. The system of claim 1, wherein the field-focusing element comprises one or more

resonators.

7. The system of claim 6, wherein the field-focusing element comprises at least two

unique resonant frequencies.

8. The system of claim 7, wherein one of the resonant frequencies is configured to

transfer power and another of the resonant frequencies is configured to transfer data.

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

provides a voltage transformation between the primary element and the secondary element.

10. The system of claim 1 further comprising a plurality of contactless power transfer

systems coupled in cascade to transfer power.
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a second field-focusing el enent di sposed proxi mate the secondary el enent,
the first and second field-focusing el enments being configured for operating
at two different resonant frequencies to focus a nagnetic field and
exchange power between the primary el enment and the secondary el enent.

12. The systemof claim 11, further conprises non-conducting and

magnet i cal | y1r eysien comprisings t o host the contact!l ess power transfer
system a conthdtlesEweY hAsfeOéystdraidBpdded WhiGih prdtstiRes@atidipdavitiekement i s
coupledcﬂgﬂﬁﬂ wer source and control nodul e and configured to exchange
power an at a. 14. The system of claim 11, wherein the secondary
el ement is C?%HH% &gn%ntoad and configured to exchange power and data.

15. A contactless power transfer systemconprising: a prinmary el enment;

a power sour nd first,filter coupled to the primary el enent and
coﬁfigured t%g?ggﬁ?ﬁf?eggﬂér at a first resonant frequency; a secondary

el enent ;

) f
ol enont and 8 R REHSI dEmeytdisnassg Proima

a second field-focusing element disposed proximate the secondary element,

i st . converter and a rect{'f'er .coupl ed to the secondary
eltbggnma element, and

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.

12. The system of claim 11, further comprises non-conducting and magnetically
shielded cavities to host the contactless power transfer system.

13. The system of claim 11, wherein the primary element is coupled to a power
source and control module and configured to exchange power and data.

14. The system of claim 11, wherein the secondary element is coupled to a load and
configured to exchange power and data.

15. A contactless power transfer system comprising:
a primary element;

a power source and a first filter coupled to the primary element and configured to
transmit power at a first resonant frequency;

a secondary element;

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 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 interposed between the primary element and the
secondary element, a first field-focusing element configured for transmitting power at the first
resonant frequency and a second field-focusing element configured for transmitting data at
the second resonant frequency; and

a second converter coupled to the primary element to receive data from the one or
more Sensors.
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one or nore sensors and second filters coupled to the secondary el enent and
configured to sense at | east one paraneter and transmt data at a second
resonant frequency; at least two field-focusing el enments interposed
between the primary el enment and the secondary elenent, a first

reconant 2 Bai e aeS PRkl spiieb (o o, PABIPE el Bt 5,

t r ansfarther oguptied @ atintdreersecond resonant frequency; and a second
converter coupled to the primary elenent to receive data fromthe one or

MOr & SEeNSOR. The contactiess BowdMtPars R PRAEMEFIRAR! wheitsthelinveygt em of claim

15, wherein the power sourc further”coupled to an inverter. 17. The
cont adiqdelstesgbappwer Bergftlee PeWeRSOMIE claim 6, wherein the inverter
nodul at es he power fromthe power source. 18. The contactl ess power

transfer sysi e edntadtiebspdvier trdmefee ispsteimeoficiairat1 7cwhereirt e fids woovdrier es t he
power received fromthe po f sgurce. ; 19. The cont adl ess power
transf’@?“’ﬁ@)@?&ﬁ?%?"‘ﬁ%{ ﬁ&‘i%lﬁ A ERSPAYEHOYSad conpri ses one or nore sensors
to sense a plurality of paraneters within a well bore 20, The

cont act | esd9pbiwecortaciines pewetmansfar systemeanfglais, 15wwbersinthedeas emrrises at | east

two ot 0BF fofd &flofa04ehad a PR bpHATRIdrS Rftnift ARty of resonators.

20. The contactless power transfer system of claim 15, wherein each of the at least
two or more field-focusing elements comprises a plurality of resonators.
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