METAL ENCAPSULATED COVPCSI TE SEAL CROSS REFERENCE TO

RELATED APPLI CATI ON [ 0001] This application clains
w@eiosnoaye t o U. S. Provisional Patent ApplicatiRCI/N82008/051726

60/ 893,834, entitled "Metal Encapsul ated Conposite

Seal", filed on March 8, 2007, which is herein

i ncorporated by reference. FIELD OF THE | NVENTI ON

[0002] TheABTAEHNCARGEMATED ICGKDEIPESSIFENBEALI y to

seals within a fluid system Mre particularly, the

present invention relates to a novel conposite seal

sui tabl e for harsh environnents, high pressures, and

CROE%E‘??’:ER@@% %g&%e@:dq rﬁ%@?ﬁl@ e[ ?ggg]er-rthiosvari ous

aspects of art that may be related to various aspects

[0001qf tﬂms agpmronl aln&nslmmrutwﬁnmdmar@rodmal tmteand\(ppmcatuon No.
Thi s di scussion is beljieved t

60 /8%51‘% U |t|ﬁdp‘M‘?/tﬁH|Erﬁ1§aPﬁ@aFQQa§@mmsﬂtﬁ S6kgile e March 8, 2007,
whicH B8R iheypbfatbad 'Heﬁé?bﬁ c& better understanding of

the various aspect e present invention.
Accordlngly, it should be understood that these
statenments are to be read in this light, and not as
adm ssions of prior art. [0004] Fluid systens, such as

i ction and transport systens,
FIEL[?Q)I?@'EH_:? W%@ﬁfgg nmul ti pl e segments of tubing, valves,

and connectors that are seal ed together by various

[0002eal Bhe pheeat BrahBodieatfst ganesal) ©Cdeds Wthimea fibid system More
envi ronnental conditions, such as corrosive fluid

particeigriye he Bﬁ&@@h%@“%@'@B@tsrt@r?ew%ﬁefmo@ﬂ%eawlmmr harsh
enwr&%ﬂleﬁts%%r%ﬁ@u%’ ,SQH&% d ReiCIRLQIHGE prent , such as
a nmarine ["head,” whi c

can make access and repair
difficult and expensive. In well head applications,
seals are typically constructed entirely of a netal or
entirely of an elastoner. Metal seals provide |ong

resi stance to well bore fluids, but often rely on
BAC}%@E@Q@@% allation forces and conplicated design and

geonetry to provide reliable sealing. Elastonerseals

[0003]y pi THik Isgcth@y & intevicepl e intesde mbabact@ﬂohfario@%tﬁple@ti of art that
w th Iowmstallatlonforces and el astoner seals rel

y
may kg relaiechienariogp aspeeisofdha prenast inveatiesowhichtare deSC”bed and/or
claim&5ifdw. tris discussion is believed to be helpful in providing the reader with

background information to facilitate a better understanding of the various aspects of
the present invention. Accordingly, it should be understood that these statements are

to be read in this light, and not as admissions of prior art.

[0004] Fluid systems, such as oil and gas extraction and transport systems,
typically include multiple segments of tubing, valves, and connectors that are sealed
together by various seals. These seals are often subjected to harsh environmental
conditions, such as corrosive fluids, extreme pressures, and extreme temperatures.
Moreover, seals are often disposed in remote equipment, such as a marine wellhead,
which can make access and repair difficult and expensive. In wellhead applications,
seals are typically constructed entirely of a metal or entirely of an elastomer. Metal
seals provide long term resistance to well bore fluids, but often rely on high installation

forces and complicated design and geometry to provide reliable sealing. Elastomer
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provi de pressure energization to create the seal.
However, el astoner seals have a | esser resistansectremnasa bCT
wowelos/1imase fluids in conparison to nmetal seal sSPCBUMBSNS1726
[ 0005] Certain aspects comrensurate in scope with the
originally clainmed invention are set forth below It
shoul d be understood that these aspects are presented
sealsrippiebly bavepasimnpde ddsign tedeanwe installbd iveéth Isunmeiaylatidn forces,
rtain forns the invention take and that these
and ei%%%‘@% SgRlS TRyt Hlee?i%*é%"?roo“nb%qeﬁastt%% opesyt r%ti?eef?ef’t to
Prov Ry A PGB BAPn (bR ouE 8 SRl BN oo SR o e sopto have a
Iesse[ fmﬂlﬁ}an@e tywedipore Auidsrin abmpariisoditoremtsl sdeds a
conposite seal wth both a netal shell and an el astic
such as an el astoner core. In one enbodi nent,
conposite seal has an annular netal shell with a
top, a bottom and a seal interface di sposed between
[0005]he Ceoraiarabpebes durhinemsurehe irc segisEswitl tiseatigiabiiy cladaedn
el astonmer di sposed within the annul ar netal shel

inven{ipg 2&¢ et K’éthetPQi@Wo eshquid bgrindgrstead thatithpes ﬁ%‘?%,t?,@u‘? e
e Rkl 16 et it Sl O0RL) i 51 FuiBns e
inventian innight @kperidsthaf thdse aspestsrnrel mot émended td-limithbe scope of the

. eatures al so..be i ncorporated in.these var S
invenli3fe didet e fveR e sl e eatisesn 3 AR GePeoisdnat may not be
set fofrﬁqgépé\ﬁs may exist individually or in any conbination.

For 1 nstance, various features discussed below in

relation to one or nore of the illustrated enbodi ments
[00061ay Asysietnripgestainl enthasimaptsohaste campositelseal wiledoth a metal

shell SREER°osi CorB! S8R ad BT AldsXndl A0Fe il Andl¥mpodiment, the

composité Rieandad spnanndlar frstall draili wieh Bhidpr aastsitor &Md a seal interface
certain aspects and contexts of the present invention

dispogeé etveen ma o and the beltom) di h@e@pr@%ﬁslt&ﬁeﬂ@d%hasan@astomer
dISpogggglR{hPJ ld%\laﬁﬁu%ﬁﬁ mr{e%ﬂ%eyﬁgmgfgssgﬁﬁﬁured to impart

SUM

tures, aspec and advantages
pressuny againshths :téalhmedaee better understood when the
followi ng detailed descriptionis read wth

[0007] Various refinements of the features noted above may exist in relation to
various aspects of the present invention. Further features may also be incorporated in
these various aspects as well. These refinements and additional features may exist
individually or in any combination. For instance, various features discussed below in
relation to one or more of the illustrated embodiments may be incorporated into any of
the above-described aspects of the present invention alone or in any combination.
Again, the brief summary presented above is intended only to familiarize the reader
with certain aspects and contexts of the present invention without limitation to the
claimed subject matter.
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reference to the acconpanying drawi ngs in which |ike
characters represent |ike parts throughout the AnTeE_n2n21abQT
waele@siogsqs wherein: [0009] FIG 1 is a di agr anP@Ff/Usw08/051726

exenplary fluid system such as a wel |l head, having a
conposite seal disposed between various tubing; [0010]

FIG 2 is a partial cross-sectional view of the system

of FIG 1 taken along line 2-2, further illustrating

an enbodi ment of the conposite seal disposed between

oriet L AT e SPRPrABRet ol 2 el BT HE.
taken along line 3-3, further illustrating a

[0008]her TRedeaghd 6tHer 'ﬁé!atdfésD@%SQct@th@ abU@nt@%@B%tHeepr%%éht invention
bet ween the i nner and outer tubes FIG 4 is a

will b@@Qj"Q@ beder Lodenstaawhen t%“Qi'IOt/\@FQ@G}aM@d edptiiis read with

| 10, :
oerd B, BRSPS 4 g adggont e pans
throughdini the @nawimgsl wbereh: t he conposite seal; [0013] FIGS.

5, 6, 7, and 8 are cross-sectional views of further
[ nposi te seal of

| ternative rrbodl nts of the .
[00093 3'£ %ar?d'S@ lagram [oh 617 AXCEIRARY foéd éy%tﬁaﬁu%@tsl%\“{&,'head’
havmg'nagc‘%lﬂ o&ite él%%@éééﬁ%é{%bnf\%ﬁ?kjél (@ﬁ%}"’ee” the inner

er tu the systemo further
illustrating a liquid disposed within a netal bellows.

[001QIETAFICER IDERSERIIRITCIORS GECBRECIMRVCOENBCEYSUEINTS FIG0138ken along

ine 23 Tuftbe ORUSy AR uBERBERShE 8o s et §ftposed between

innerRiheMd Aér mbegnci se description of these enbodi nents,
aI | features of an actual inplenentati on may not be
escribed in the specification. It shou
[001 prr':e@ B isd paael ‘Prﬁsﬁﬁécﬂl@q\@IVdﬁyHQﬁfh%‘PorHH?S'é%%@ﬁ'&éf U@l 2 taken
i
alongl Im@ :?@Efl}rﬁrtérgglfbstr%ﬁhﬁpa]at@)égﬁ?glaggﬁFlé Qiléﬂ:}; s‘éazdetg)lr&t the composite
seal bmmeb&hwdtermd&mheembeshe devel opers' specific
goal s, such as conpliance wth syst emrel ated and

u5| s related copstraints fromope
10013131 5 4 58 GhSF seandtdatew pbrBGUEmAle eRbdpiest of te
comp@@l@é %6hﬂ¥l@§lrét8§tin $UGK. 8 and 3, further illustrating a mechanical spring
disposed within an interior of the composite seal;

[0013] FIGS. 5, 6, 7, and 8 are cross-sectional views of further alternative

embodiments of the composite seal of FIGS. 2, 3, and 4; and

[0014] FIG 9 is a cross-sectional view of an alternative seal for use between the
inner and outer tubes of the system of FIG. 1, further illustrating a liquid disposed

within a metal bellows.
DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0015] One or more specific embodiments of the present invention will be
described below. In an effort to provide a concise description of these embodiments,
all features of an actual implementation may not be described in the specification. It

should be appreciated that in the development of any such actual implementation, as
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devel opnent effort m ght be conplex and tine
consum ng, but woul d neverthel ess be a routi ne NTeE_.n2nasa bCT
W pwenoeké ng of design, fabrication, and manufRBCI/USM08/051726
for those of ordinary skill having the benefit of this
di scl osure. [0016] When introducing el enments of
various enbodi nents of the present invention, the
in an;aengmleeang zm,r Hesign, projechenumenods' implaﬂﬁerﬁaﬂomﬁpeddedebrslons
that there ar t he el ements

mustpgrrngde &Qjﬁ,ﬁrplpgqe ,%e 8e\9é]§e$r{§d§ya%cmggﬂals; BYCH ﬁacog]pgance with
systeggiﬁﬁ‘fﬁtféggaarf&%@sg%%ﬁéﬂétbd%o% afﬁ?@ﬂmﬁufﬂﬁ‘mée;h\%r? AR o8

s ot her than t'he Ti st enents.
implemardatia to atheas eMofedvespif Sholidteoappretiaten that such a
hese terns i s .,mA

develogeeihelnlaniotbe GouPTen g LT ro SR pchy i Eotigrevertneloss be

a roufiié BRbatAKAg ®f debignC RIMpieARHM Sand RRKGIactlre fodtHosedf ordinary skill
partial cross-sectional view of an embodi ment of a

havingithe desglt efthisodipeloswg. one or nore netal encapsul at ed
conposite seals 12 di sposed between i nner and outer

[001 bBUbe\ﬁ/h% ﬁt%iddc@rtl]g lefébrﬁé}ﬁs%‘?%gn&s 8Hbo§1ﬂﬂeﬁt§%f the present

roduct’l on, ~suc of 't
inventionpibeetisles satas theSIamj ‘stid” ags inttndéed o Btealnrtgat there are

t ubi ng head casi heads,, wel | heads, ng, many, .
one o5MReL! the eiE‘éF?%tﬁn H’”ﬁeﬁ?@P“?'H@ f|ﬂ9?$%§s?€a1yﬁ@v'ﬂg are
intended'R) b8 SR aR dtnﬁ@&f re%HQ’i_Béra%‘dﬁ%'ﬁapéﬁeHL@t? other than

resources, suc as ol or exan‘pl e l'u

the ligtpd tetemantsneyoreever, Sheﬁae@f\/\kepl ‘Heatowr,” ‘aboae;’ fleelow,” and
d dIS osed in ggsu sea. envi

variatifiis ol SBE86 MRS MRETe Butconopengh, DA iRtApauics apygartioular

or,en@gaﬁQﬁ|tﬁ@c§,¢]@bnégtsgeneraI 'y have an annul ar geonetry
ring shape that extends between the inner tube 14

and the outer tube 16 to block fluid passage between
[001%]hesklG- dbes partiaheross-settienal view of ap enkastipest oka igl system

10 ha&?rgdp@r‘?é gpﬁﬁarg rﬁ&gpéﬁ'@a{sr{s?lgatgd ct gﬁ%}sﬁ gﬂ gePeaf% bged thween

inner amcihoLasr @ibesasaraes. Mt cadeadf cibied gahakcbdmmoar slidhytubes
ovi des resi stance to chem cal attack by
may @%ﬁﬁb@#ﬂ@% f tUdRrCaMpPRRNISHiGheAs ARSIRY é’éﬁﬂ% FiRg ﬁHlngs

g S80S kTSRS Yt aLe O A5FofBRS S cffogaments,
the flthldtdystefm tl bes aukelthebd fan dxttﬁctio“r"hmfssu bt érearmaearpostiutad resxall rses

such as oo\ drgas For example, the fluid system 10 may be a surface wellhead or a
marine wellhead disposed in a subsea environment. As discussed in further detail
below, embodiments of the composite seal 12 generally have an annular geometry or
ring shape that extends between the inner tube 14 and the outer tube 16 to block fluid
passage between these tubes 14 and 16. The illustrated composite seal 12 includes
a combination of a metal outer shell disposed about an elastic or resilient core
material, such as an elastomer. The metal outer shell generally provides resistance to
chemical attack by the corrosive well bore fluids, while the elastic material disposed
inside the seal 12 provides energization or pressure to force the metal outer shell
against one or both of the tubes 14 and 16. Thus, the composite seals 12 described
in detail below are particularly well suited for harsh environmental conditions, high
pressures, and other undesirable factors that may otherwise degrade the quality and

Page 4 of 14



in detail below are particularly well suited for harsh
envi ronmental conditions, high pressures, and othern2n2isa bCT
wa@ewssinabl e factors that nmay ot herw se degr adeCT/hig2008/051726
qual ity andreduce the life of the seal. As a result,
the composite seal 12 has the advantages of both netal
seal s and el astonmer seals, as described above, while
reducsl the liéd ofrtheasealg Aata fesatt theeocem pbsitehseal n@wisecthe advantages of

each type of seal For exa e conposite seal 12.
both GafA e AIS AT PREIP IR SPaIS, 2 Aescbes 2Houer Wiie Bl aimBAting at

least 58ffeo %p}@”‘drﬁﬂlbfl@«st Srdachf tP/Eé R ch?r%Ja?mprMh'eecompos&te seal

provi I ong-termresi stance to wel bore flui
12 canycpﬂ' mtallyeda/vlth ahielawelydnowelt mlst%leh@rsforp@@hﬁ]larﬁb@aaoﬁ alastomer

sealsgyhie era BRI Rhistats Bryol Rare fifls B Moutea to
metaPsddig.on of the annul ar corrp03|te seal 12 di sposed

bet ween the inner and outer tubes 14 and 16. In the
i | lustrated enbodi nent, the conposite seal 12 includes

[0018]n dfl&s2 i aeadial erosssgetonal vigw of tha tidsysem dPibded! taken
alonggf?'rg’é 8t aly e‘?"lltLLé'trrétlﬁgra{ &&t.éﬂ%@ﬂﬁ’e Ql% Y"c%b f\f?‘rg%lll 16228|sposed

or example oner
betw@raﬂtearraer and autaltalsésammandmrﬁaolurtde nmmﬂatmemﬁaaemt, the

i S Camer on, Houston, xas. By ,
comppmtqs ﬁ@ﬁ' bﬁﬁ}?ﬁl‘gs % laghie gratstial) pu%aﬁgg GZ%StﬁHl% 185 disposed
|
compi?ér;tgl'gn'\hefr.ﬁﬁ @mﬁer?ﬁeﬁ:h&@ nRaseshal 30y for %{Eﬁ}ﬁ%lg?ghe elastomer 18

stoner 18 may |
may maluidetay Ndfiled:|&$teneantor taypelastomes| castmovecs suaimdstCeamlast, which is
di f

. | shell 2 b d f t
provided By Catieron; PobatosnasdreRy utifieexamier inel g sBEN 20 may
be mg@e bﬁstfaﬁ?ﬂ@?éjst@él éroh'l@kélf}ﬁhs%@j éﬂb@@rs@éheéé Irk@hkl. ORokver, the
| oner shell portion 24 ong an internedi ate

elastqmehﬂ 8 Ry lmsluder@vamtmf ﬂﬁf@anﬁ WDas opelasfgners, Ao kel metal

shell g s £k R AT Rl 2ot ot BB Ml AU EmBBfhqrnes. The

illustra®d skeNIs2@i fantled byasoiphing Iahﬂg)ﬁe@@ﬁélﬂgbrtwn@@thh% lower shell
joint 26, 28, the el astoner is injected into an

portloa\%a&nguan wierarediaiedeint RE. %&eﬁhezlblatnaﬁ%w@%a?@ga@@rmed by
electrﬁﬁm%%ér’é % c{ﬂﬂgglﬁ? Iﬁgﬁé ﬁrﬁ’(ﬁ’ [ o‘?tlcﬁ‘?ss ?ﬁd% 'A‘ft%rh[ﬁe upper

or a co er eof
and lovbeshealopattions Be drnd 24 tireat@uplsdh éddetBér along tipe ginr263@8, the

e bt B b A o B Bouon apassace
32 in iﬁﬁ%ﬁ??ﬁ%ﬁlaﬁgoﬁggggg)es %@@4"% e RS8Rt pRRfbr384, or a
combination thereof. In other words, the illustrated shell 20 is a preformed structure
rather than a coating of metal. After filling the shell 20 with the elastomer 18, the
passages 32 and 34 are sealed with plugs 36 and 38. The illustrated passages 32
and 34 have threads that receive mating threads disposed on the plugs 36 and 38. In
addition, the plugs 36 and 38 may be fixed to the upper and lower shell portions 22
and 24 via welding or another sealing technique. In an alternative embodiment, an
upper half of the elastomer 18 is disposed in the upper shell portion 22 and a lower
half of the elastomer 18 is disposed in the lower shell portion 24 prior to coupling
these shell portions 22 and 24 together along the joint 26, 28. In this alternative

embodiment, the passages 32 and 34 and the plugs 36 and 38 can be eliminated from
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and 34 have threads that receive mating threads
di sposed on the plugs 36 and 38. In addition, tdec.n2n2i1abQT
WpkwgsoBee and 38 may be fixed to the upper andPdDUE2008/051726
shel | portions 22 and 24 via wel ding or another
sealing technique. In an alternative enbodi nent, an
upper half of the elastoner 18 is disposed in the
the comppesites bedll 1 Epolmté.ame 2hbaimenisotves ohaldre aliffarbat elastomers (or

oo Tl RSB SR S A B
elast%rﬁgﬁﬁf‘t% L?Hp%?%héhgoh@n@t.?@gnd §§ecbﬂdbﬁfe?ﬁﬁ él?éﬂ&%ér%ﬁ the lower

odi nent,; the passages 32 an
shell padioBR4 afiobe @hbadlrrmrésl afaoom‘ahmaﬂaxﬂmdéﬁer@tsnaﬂalImz:onnposmons

in if3ETE PoEyalss o rbele] Shsl 2y Fie Sr bRl dhe inBe MRt Sh 22 may
be made bt aZPst rhetal 8xa e Pweat dhell Pored Aok GRS bé PadeeofPBEEONd
shell portions 22 and a second different elastoner in

differemienptdher shel | portion 24. Some enbodi nents al so may
include different netallic conpositions in different

1001100 ! RS Rlsy RS, BREBHRORIY A6 oL, SYAY ol BRIty of

|nnerlatmmrarsibel40 arod lalpuuraﬂtﬂy' aifa}ut@teamaﬂar 1iths &2$elatm®|to an aX|s of the
dlffereln n?\z]\@q[OOQ !nthel\lutrat rrb

compgsitgseal 12. ff |'W{Lqu?(§‘é‘§'3ér%13ﬁ% 'W‘i} nga}gﬁet e inner

tube ?‘g @ até biRetf oflfetl %?Ir@eﬁbvbﬁn%e eH @H%Ia’fQ %Sgﬁhe inner
4 ative to an axis o e conposit sea 2.

tube 14 Sennﬂamedihe obmr|amm1e|rarauh1$mad|reatbrsommacciltheoutey tehgageto
ner tu

th
creatt, & mElH AR SO WeeBANS samiims teise Men s duiey tube 16
The r@smfd ahi N2 dadtepOHbSdritRiad alsefib§of 6atv@hr6®%rbkfu§m@tpﬁ§rhons and

he outer tube 16 to create a netal -on-netal seal
mwarldé/t mﬁndtﬂgepcerbmp@m a @igzeguingpaiieinone aier éhe othes algng an inner

perimptir i <P B BB AR, 186 ShAF PncelBisy Sl Gu it ot

spacé948 iaef 8ispdséd bedresrdiegs ek sive rmmcafvﬂﬁle 4 bl@ralttjﬂgf annular
al ong an inner perinmeter 44 and an outer perineter 46

spaces 50 [pee dispored Hetwerrsthessucgsaive tripsdte. ahieiPRer Hfatieasor

4 di : | 4 Al
pesslfo B e BBRRFE RS AR BHERSRELNE D Tl vl
provididears ocbesrsi force 5D on4Re ribbetOesret gn satwardl forcepb4sauhe ribs 42.

no e VS8 e S B ke Ll b o 2 B3l
providiR§ d hreSsdifzésb A hetWEYRIKEIOUBE8s 34 £y {68 HOWRReftdhe elastomer
18 remains concealed within the shell 20, such that it is not exposed to the harsh
environment within the well bore. Instead, the shell 20 serves as the seal interface
with the tubes 14 and 16, such that the composite seal 12 can endure the harsh
environment of the well bore over a much longer duration of time than the interior

elastomer 18 without the shell 20.

[0020] FIG. 3is a partial cross-sectional view of the composite seal 12 of FIG. 2
taken along line 3-3, further illustrating the seal interface between the metal shell 20
and the inner tube 14. In the illustrated embodiment, the composite seal 12 further
includes a thermoplastic ring 60 disposed along the annular space 48 between the
inner annular ribs 40 of the shell 20. Thus, the thermoplastic ring 60 provides a
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As a result, the ribs 40 and 42 are biased agai nst the
tubes 14 and 16, thereby providing a pressurizenrsgeln21a QT
wheisaens hese tubes 14 and 16. However, the ePEBHUSIMRS/051726
18 remai ns conceal ed within the shell 20, such that it
is not exposed to the harsh environment within the
wel | bore. Instead, the shell 20 serves as the seal
nonrriemalba: taaldntsirtaeetimdetwbers tHedmatallid SealSntehfatbapravided by the inner

annup BBedics B BesTepalnid AbagePradias AN ighat SaangraRgu! the
deéd“]%ldt@(i%étW*ﬁ'tﬁé%B@F an@ I & SHE a;fd"rﬁoﬁ@?é 'an%cb4 [ ROz

cross-sectiondl view of
exem@dmp@s;mb@lmeat ttlethﬁrm%lptast@ rt@(@(h isamanlg af |anléoI3etB1eretherketones
rt ild.ustrati the s interface
(PEERY IStk 316G Mo R riisb st 3% RERRGTY. &y be
dispolsbtl s tHead @l anestid BN betdth HeAsH henwaatibd 82f ur t her
includes a thernoplastic ring 60 di sposed al ong the

annul ar space 48 between the inner annular ribs 40 of
[002%]he RlikeI4 isZocrosamsectiony werw;pfrapo@@f emhadigesoigheeomepsite

seal 13518{‘ h élf%lﬁhérqﬂustFef{Hg; ﬁﬁe}%h?ﬁmﬁ%ﬁfﬁ%‘aé%@t@ ({i)lsﬁ%%ed within

sea rraces provi e 1 nher- an
the arfingat inmmmrﬂcasftme metag sbél 20 sty with deesemmmeroml The

, seal i ng about the welded joint 26 between t
'”UStraP%lJ asgeenbly Garipelydes onaérn%fz GRPOSINY YRgS ﬁ@ ISBF'S}QS 64 and

°e. %ﬁ%ﬁé@taﬂz e e ob SRCTRERRY® oRpBInDICBalB G y-Shotions.

whlch arex a:mpeca\sm dn:emtlon@ avsa},cfnoasomae E’Eﬁlher img corrweMd state in-
os.ed

betw%q.m ejpnet %rgé ggtea}{]p%lﬁe]rte%p %f bcgttgg ggg 2@ %so%éqesult the

sprln%é B4 Pt P BLat aﬁ@&ﬁﬂér@é’fbs@ure@lﬂoméhb g0sB#ard thedfibs 40
|G 2, further |IIustrat|r;1§ a nechani cal spring

and 48s sesasicjively. dinssedeeniathand 7Asugpiament thefesers b23oc54

provif pUFIEpiaR Eher Wbl el A e SRR g P g oo incluce

a pluiBosi dreninty7 S hag et watingse 6t ANGg @%ce‘é@&ﬁltrﬁe eristomer 18
the springs 64 and 66 have opposing C s

th'%“’@s@%tﬁﬁddﬁwer GRelt porioas &4 k24 pf éhq éhﬁ'i %Q}S Inaifjés exemplary
emboforrﬂghp?ﬁe anak 8& dlcgh H'i‘ﬂ?é ﬁéﬁ raacﬁ gfl%fe %l% R el ggjlsposed

’and out erl ers eI I
wuthun%ewgmlslhbll pbh&)rsm angdshé4pang 666s digpastd aaltortgjwmaradower half

ressure or forc 70 toward the ribs 40 and 42, .
of the ygsohan B yiniBedowsr shed e Tan @45t i sounur e portions 22

and J406§8the? alcHifthedoint 26, 28. However, other embodiments may include
injection passages to enable injection of the elastomer 18 after coupling the upper and
lower shell portions 22 and 24 together about the springs 64 and 66, as discussed
above with reference to FIG. 2. Again, the springs 64 and 66 provide additional
outward force to supplement the force provided by the elastomer 18, thereby
increasing the sealing force of the metal shell 20 against both the inner tube 14 and
the outer tube 16. This combined force is particularly advantageous in high pressure
fluid systems.

[0022] FIGS. 5, 6, 7, and 8 are cross-sections of alternative embodiments of the
composite seal 12 as illustrated in FIGS. 2, 3, and 4. In each of these alternative
embodiments, the composite seal 12 includes a hollow metal ring 80 disposed
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provi ded by the elastoner 18 within the shell 20. The
springs 64 and 66 also include a plurality of operRing®sa bCT
wQ@200aneb19¢l to facilitate the filling process oPCT/H82008/051726
el astomer 18 within the upper and | ower shell portions
22 and 24 of the shell 20. In this exenplary
enbodi nent, the spring 64 along with the upper half of
complidielyedlmatt amesladiBries cdrspRS é}pemftcbllyl, thlaenetalonemg sbeHds a top cap

.qprgééi 22 andthesrln 66|59\ﬁj osed aloag
porti %‘it(?md’lapt%t'%n §t6 A P %'t?H'éteFrB 'rat"sﬁ%‘ﬁll portions
88 exﬁ’é}‘idlh Begﬁ?éﬁ th@&%ﬂoﬁ@@@'dn&%é hﬁ§‘ﬂllfé‘t)r"a§éd3rﬂﬁe %?as%]ﬁe?élore 82 is

oget ong t ol nt ) . However,
disposat) coimpieiety hhegughwrt adennenpeemo@rth@magw 8@ vetmwoﬂhe metal

ring e STokBHy Shrbi i afd GrleSs Be oS bren dBib P b 1R the
interrfédibt0Se i hortith<58€8 oRtheths il $ing BHRVRICY hbtalcdeheseseal
to FIG 2. Again, the springs 64 and 66 provide

interfaeribeiwsea therampesitrast 12aNsLeITespORdindianebare outer metal

pr.oyi the el astonmer 18, thereby increasing the
tube 'g]etg?éisg(g% Qe of the netal shell 20 against both the

i nner tube 14 and the outer tube 16. This conbi ned

[0023]or cle the epavadimehtol FlGidy, ainé ageonediate dedlpopicassas eclude a
fluid systens. [0022

plurality &f ang arlgmve@r% 54{5%%3%&%@51@3&3@&3{ i 6. the
mterrﬁ&?\'ﬁ%séé p%fﬁ"c% sigg ﬁé d 'a'pﬂ'ﬁfrteﬁl@)t r{jodm dé: 'r%%9édlsg)osécﬁ‘ﬁbéut an

n eac ese ternat|
annulaospasé 08, wéarelaEacholf thrieanraul Aotib A6 metladles apduralty of annular
r core, 8

aroondsSPHtE FES B R a8 e U, St Ao i eanmye gesses
106 27 168 8idpbsed n‘r\aﬁhe&%rpt hEHo8S 843 @6, RakpeiveRPPOSi te
i ntermedi ate seal portions 88 extendi ng between the

ortions 84 and 86. As illustrated, the el astonmer core
[002452 i Eheipgwesinerinfdt et &1has ieabligaslpilaiioithese plpotbd1eS. 5 and
|
6. Fc}r'?&a rl]%sthé'rl]lglpsg%g?de téfrhﬁed"gg Faﬁgrre-{mg)gjroge% Bl%lﬁg%‘r%nnmar

groovreesula dlspb@ed aloayhdirtbemsdiate Qeultpo@mnms%s OHotAmermn &bntrast
a netal -on-netal seal .in

d
10 theeReaRATIO Eap BeeAnuAT Taous | L0 0f SLpch@rinc Hagg a longer
0
st A AP PRGBS Sefdfs o698 3ol e cap
portic®® 8sahai86 isclptdenahulay recesseadli2rargt b4, asspPdctiviety.
contrast, in the enbodinent of FIG 6, the

[0025] Turningto FIG. 8, this embodiment is similar to FIG. 7, yet the metal ring 80
includes a greater number of recesses and ribs and a greater taper between the cap
portions 84 and 96 and the intermediate seal portions 88. The cap portions 84 and 86
of FIG. 8 include annular recesses 116 and 188, respectively. The intermediate seal
portions 88 of the metal ring 80 include a plurality of annular spaces 120 and a
plurality of annular ribs 122 arranged in an alternating manner one after the other.

[0026] FIG 9 is a cross-sectional view of an alternative seal assembly 130
disposed between the inner and outer tubes 14 and 16 of the system 10 of FIG. 1. In
the illustrated embodiment, the seal assembly 130 includes a first annular liquid-metal
seal 132 and a second annular liquid-metal seal 134 disposed axially about opposite

sides of an annular elastomer seal 136 in the space between the inner and outer
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i nternedi ate seal portions 88 have a plurality of
annul ar ribs 96 di sposed about an annul ar spacen®g,n2n21a QT
wob@saindeach of the annular ribs 96 includes BCT/US2008/051726
plurality of annular grooves 100. The illustrated
metal ring 80 of FIG 6 also includes annul ar recesses
106 and 108 di sposed in the cap portions 84 and 86,
tubes b6 prdtiby Specifidli dheTiret anbeektorehseal$ 1BR@nd71 3xaimclude liquids

res simlar to those of both FIGS. 5 a 6. For .
138 %@a{%} %ontgwgdqutbglyrvg{ mglalgn q)%egg%faqdn &4 Fespectively.
The rh I.‘é'l éﬁ%s@re%' U2hhJ Y 421298 %@r bSITdWé’ ?ée %Q 1%83@96&%

the internmedi ate seal portions . However,
betweﬂmmmasend caphd 50rdneti m2and @Mteﬁfle{Bd c5aps 11@4 anddb8r I’eSpeCtlvely.
ooves 110 7_extend, al | on st rai_ght
The IEOHTE o405 1 5 ang o6 Y idvad nRRE s 2a. S Sho Rlsseddn
respécﬂv@%éstsagéb 169en8aB4PorHd innstr&dddedIBH32 AR u@a are assembled
annul ar recesses 112 and 114, respectively

by wefdingithg bellows G46@nd 1H& teeifisiideapettivesend ﬁﬁiFPSag 5Q.01 Jca 54, and

156. SypbBhuthty, e fybidethd B0 e puctadd B The HRBaiBlys 140

and 1mr8rthromﬁ1 B¢ pdagés asd atrhie1 6mt Euha&yiltaé@hmissaan@n%%re
cap portions 84 and of FIG 8 iIn
threagﬁgl, lﬂtarthQ 9@@%%9 16%28%d 6446 Seﬁb%fﬁé’%q PR@ IC?PS ‘Tﬁé and 156.

i nternedi ate seal portions 88 of the netal ring 80

[0027;]“0' |H4ﬁe ﬂl&#ﬁé‘féﬁ éﬁﬂbgefm%ﬂ”q{e%lu Q@}%@Sanhz%cﬁafé Bartially threaded

annul a ran ed In
into tla pessagem‘gGZram@é64oaecm1ﬂ1aeﬁll plaesagehae‘r% po@26}3 ViAtHBY 8he plugs

158 aget b piAdad e ianacas wil 108 ol B BR ko il betlows 146
and 1t4‘8be/$ftér4c ety Afing tfe BYHRIM 4@ Eole) 1518Gthe1;flu 3 1t5189and 160 are

| l ustrated enbodi néent, the seal assenb i ncl udes
threadeﬁ |cp€uol%tﬁkyun@rth|euqm capeet 24 and 456162 aatﬂdl @n Hecorigrior. At this

point JB84 T 6 bl B 4 IiRen Do MSPERED-EIER 4 FOR duntne
pass&fRCodahnaes droevdlde@shand outertubes 14 and 16.
Specifically, the first and second seals 132 and 134

i.nclude liquids 138 and 140 ntained entirely wt
[0028], aflg'”éﬁé (S EF @T0edINYHS Oiﬂé r éshle Maiahen rﬁ%ﬂ é? and 144

provu&é“é' rﬁéﬂé‘i 8@ hétal 884 ikfdrdia t\ﬁééﬁﬁ%%élg"@g% 784 21 4%he

sed between I nner en ca S 2 and outer
surroandlngaplseﬂM aadd 61516, adcblsrpecthe ligliigs 1B8ecarmlit 40 dspdsedpsside the

seals; pib 814 194 Ppud8 b SaIc it Bubrerstie pr TuicaipA Byt s 170
and 1722 BRI8 pkbupd Br AEEThathd 172 causes the metal bellows 146 and 148
to be biased against the inner and outer tubes 14 and 16, thereby improving the seal
interface of the seals 132 and 134 with the tubes 14 and 16. In addition, the annular
elastomer seal 136 provides an elastomer metal seal interface with both the inner and
outer tubes 14 and 16. Referring generally to FIGS. 2-9, the embodiments of FIGS. 2-
4 contrastingly use an elastomer or a solid elastic material, rather than a liquid as
used in the embodiment of FIG. 9. However, an elastomer or solid elastic material
also can be used in the embodiment of FIG. 9.

[0029] While the invention may be susceptible to various modifications and

alternative forms, specific embodiments have been shown by way of example in the
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by wel ding the bellows 146 and 148 to their respective
end caps 150, 152, 154, and 156. Subsequently, aAhe.n2n21a bCT
WO p@aie9ad38 and 140 are injected into the nmetedT/US2008/051726
bel l ows 146 and 148 through the passages 162 and 164.
Finally, the plugs 158 and 160 are threaded into the
passages 162 and 164 to seal off the end caps 154 and
drawih§6 ang0G2/é] bdem ddwerribedus detdilettreimb odowenér, ittsheufd bgsinderstood
58 and 160 are partially threaded into the passages
that t9 SaRoR e oL i derp e i el & Hisedr B e oclosed.
RathdH {HY Fhv%fhf?orﬁ)|sUt55c011§f3aﬁ%&@&t%ﬂ??éﬁuibﬁl@ﬂé, %Hudalt%%atg@@ falling
140 to ow Into the interior of the bellows 146 an
within 4@, spiitt and scons eft theyn¥antionras définaskdy thesfollawingrappetsled
the plugs 158 and 160 are threaded conpletely into the
&nd caps 154 and 156 via a tool on the exterior. At
this point, the plugs 158 and 160 are wel ded onto the
passages 162 and 164, and the fill passages 166 and
168 are wel ded shut. [0028] Simlar to the enbodi nents
of FIGS. 2-8, the netal enclosures 142 and 144 provide
a metal -on-netal seal interface between the seals 132
and 134 and the surroundi ng tubes 14 and 16. In
addition, the liquids 138 and 140 di sposed inside the
seal s 132 and 134 provide an outward force or pressure
as indicated by arrows 170 and 172. This pressure or
force 170 and 172 causes the netal bellows 146 and 148
to be biased against the inner and outer tubes 14 and
16, thereby inproving the seal interface of the seals
132 and 134 with the tubes 14 and 16. In addition, the
annul ar el astoner seal 136 provides an el astoner netal
seal interface with both the inner and outer tubes 14
and 16. Referring generally to FIGS. 2-9, the
enbodi ments of FIGS. 2- 4 contrastingly use an
el astomer or a solid elastic material, rather than a
liquid as used in the enbodi nent of FIG 9. However,
an el astonmer or solid elastic material al so can be
used in the enbodi nent of FIG 9. [0029] While the
i nvention may be susceptible to various nodifications
and alternative forns, specific enbodi nents have been
shown by way of exanple in thedrawi ngs and have been
described in detail herein. However, it should be
understood that the invention is not intended to be
limted to the particular forns disclosed.

claim
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Rat her, the invention is to cover all nodifications,
equi valents, and alternatives falling wthin there_.n2n2i1a QT
W@ piosile9iamd scope of the invention as defi ned PYT/URM08/051726

foll owi ng appended cl ai ns. CLAIMS: 1. A system

conprising: a conposite seal, conprising: an annul ar

nmetal shell conprising a top, a bottom and a seal
CLAIMS:erface di sposed between the top and the bottom and

an el astomer disposed within the annular netal shell,

wherein the elastomer is configured to inpart pressure

agai nsta é)’?s?erﬁeé‘é)m'gﬂéiﬁbf ace. 2. The systemof claim]1,

wherei n t'he el astoner i s conpletely contained and

s agiosapaditersaal tdoampnising:ar metal shell. 3. The system

of claiml erejn annular nmetal shell is a :

ot ef o ABGTRGIT U LSRR FEG SBRrA Gt ao B Bl § seakipterface
dispo8b@PlePiBén tHe top AR feb&torRfartd ai m 1, wherein the

annul ar netal shell conprises upper and | ower shell

port i oS aasipmed dispesed avithin thenanmilar metalahellj wherein the

T \ ) | .al el n.. tal shell
ot BBl . B el B 0 e

systemof claimb5, wherein the elastomer injection

passage is sealed by a plug. 7. The systemof claim1

wRer ei A h?_r?éfsée_é%IOf ciairark, g\g’@rgi@ﬁiﬁeieé@sgog]epiaﬁg{nplle;elﬁponfained
and s%?(b‘q Rlthihithe a'nHuFa!?‘?mé?t'é\f”s’#\g?ﬂ{.1 metal shell. 8. The system

of claim1, conprising a ernmopl astic ring disposed

between the plurality of annular ribs. 9. The system

of. clalun 8, wherein.the thernopl asti ri ng, conpri ses.a

PBEK maledvEIeM 6] R s yeieEsdhe Anaular mOtbRRe §iag eiormed
holloﬁﬁﬁétﬁgriﬁg§Bﬁﬁ§ﬂe&9“t6*ﬂé6bi\‘}é‘ﬁ1@éllﬁ§io@ﬁemt al shel |l al ong

with the el astoner.

4. The system of claim 1, wherein the annular metal shell comprises upper
and lower shell portions coupled together at an intermediate joint.

5. The system of claim 1, wherein the annular metal shell comprises an

elastomer injection passage.

6. The system of claim 5, wherein the elastomer injection passage is
sealed by a plug.

7. The system of claim 1, wherein the seal interface comprises a plurality of

annular ribs in the annular metal shell.

8. The system of claim 1, comprising a thermoplastic ring disposed
between the plurality of annular ribs.

9. The system of claim 8, wherein the thermoplastic ring comprises a
PEEK material.
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11. The systemof claim 1, conprising one or nore
tubul ar nenbers having the conposite seal. 12. Ahe.n2n21a bCT
waemsamied claim 1, conprising a well head havi PgI/UR®08/051726

conposite seal. 13. A system conprising: a conposite

seal, conprising: a netal seal interface; an el astoner

coupled to the netal seal interface; a spring disposed

i N0t he Thkaystemei0f clairarieicomgnsirgpa ispangadispolsed avithént treeannular

cqoperatively provide a sealing force against the
meta'n%l%'lalg'é%l‘”'tihﬁhé 3}eMei4 . The system of claim 13,

wherein the elastoner is conpletely contai ned and

sealed within a hollow netal seal having the netal

sddl i dherdystasm of BlaimMhle coyxrrisingodne baimara 4ybularemeimbers having
th t he hgllo metal seal conprises a prefornmed hol |l ow

© CARRAP'SY S€fcl osure. 16. The system of claim15, wherein

the spring conprises an annular spring. 17. The system
of claim 13, wherein the spring conprises a C shaped
cil@ss daetgystem pgclaimel, Spsinsising a welhaad Bavingripeiconmysite
a thernopl astic seal disposed along a recess in the
netal seal interface. 19. The system of claim 13,
wherein the nmetal seal interface conprises a plurality

of ribs and adj acent recesses.20. A nethod,
cdBpri & SHFLEMoEPNRYSIAThol | ow metal ring having a netal

ST sf?ﬂ'efsaecaﬁ{;co?ﬁ‘&igiﬁé'l ing the hollow netal ring with

an el astoner; ’and 'sealtng the holl ow netal ring about
t he el ashetatsealdnterfathe net hod of claim 20, conprising

itioni first rin ortion adjacent to a second
Pong pantasiomsr genplee BuBS mstRbsea i aee ng.

a spring disposed in the elastomer, wherein the spring and the

seal.

elastomer cooperatively provide a sealing force against the metal seal interface.

14.  The system of claim 13, wherein the elastomer is completely contained
and sealed within a hollow metal seal having the metal seal interface.

15.  The system of claim 14, wherein the hollow metal seal comprises a

preformed hollow annular enclosure.

16.  The system of claim 15, wherein the spring comprises an annular spring.

17.  The system of claim 13, wherein the spring comprises a C-shaped cross

section.

18.  The system of claim 13, comprising a thermoplastic seal disposed along

a recess in the metal seal interface.

19.  The system of claim 13, wherein the metal seal interface comprises a
plurality of ribs and adjacent recesses.
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22. The nethod of claim2 1 , wherein filling
conprises inserting a first portion of the el ashomsyenaisa QT
WO pa08/1041e6 fi rst ring portion and separately i NnBEF/UB0G8/651726
second portion of the elastonmer into the second ring
portion. 23. The nmethod of claim 22, wherein sealing
conprises welding the first ring portion to the second
redg pérmiethodatberprisimgerti ng the first and second
p?rtlons of the elastqnmer. 24. TP quethod of%{gaimz 1
QiR AN YIoM MRl EpgtavesaimRiel 8¢ g”tﬁﬁéc%i oner
'ﬂﬂlﬂ?ttﬁéhﬁhé\ﬁtm&"alﬁ G5 WA 4 lsRARSY, R prior to
posi tioning, and sealing conprises welding the first
aadammemaliomgn@mltrlr@rmoawgm BEste@heer positioning.

25. The nethod of claim 20, wherein filling conprises
injecting the elastonmer through a passage into the

hol | owTmetrAéthond clBm2G, Q@mmﬂsmg@ém@mﬁg%ﬁ%t ABg Bftion
passage. 26. The method of claim rising

adjacepkia & 6aFeRMA HNEPOHITI r@acﬂefm@rthﬁgm}mwmﬁtad Hegel ast oner .

22.  The method of claim 21, wherein filling comprises inserting a first portion
of the elastomer into the first ring portion and separately inserting a second portion of

the elastomer into the second ring portion.

23.  The method of claim 22, wherein sealing comprises welding the first ring
portion to the second ring portion after inserting the first and second portions of the

elastomer.

24.  The method of claim 21, wherein filling comprises inserting the
elastomer into the first or second ring portions prior to positioning, and sealing

comprises welding the first and second ring portions together after positioning.
25.  The method of claim 20, wherein filling comprises injecting the elastomer
through a passage into the hollow metal ring, and sealing comprises sealing the

passage.

26.  The method of claim 20, comprising positioning a mechanical spring

within the elastomer.
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