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FIELD OF THE INVENTION

[0002] The present invention relates generally to seals within a fluid system. More
particularly, the present invention relates to a novel composite seal suitable for harsh
environments, high pressures, and long life in a wellhead.

BACKGROUND

[0003] This section is intended to introduce the reader to various aspects of art that
may be related to various aspects of the present invention, which are described and/or
claimed below. This 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 exiraction 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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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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line 2-2, further illustrating an embodiment of the composite seal disposed between

inner and outer tubes:

[0011] FIG. 3 is a partial cross-sectional view of the composite seal of FIG. 2 taken
along line 3-3, further illustrating a thermoplastic ring disposed about the composite
seal between the inner and outer tubes;

[0012] FIG. 4 is a cross-sectional view of an alternative embodiment of the
composite seatl illustrated in FIGS. 2 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 9is 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 DESCRIFTION OF SFECIFIC 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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[0016] When introducing elements of various embodiments of the present
invention, the articles “a,” “an,” "the,” and “said” are intended to mean that there are
one or more of the elements. The terms “comprising,” “including,” and “having” are
intended to be inclusive and mean that there may be additional elements other than
the listed elements. Moreover, the use of “top,” “bottom,” “above,” “below,” and
variations of these terms is made for canvenience, but does not require any particular
orientation of the components.

[0017] FIG. 1 is a partial cross-sectional view of an embodiment of a fluid system
10 having one or more metal encapsulated composite seals 12 disposed between
inner and outer tubes 14 and 16. in the case of oil and gas production, such tubes
may be any number of tubular components, such as casing strings, tubing strings,
tubing heads, casing heads, wellheads, among many others. In certain embodiments,
the fluid system 10 is a wellhead for extraction of subterranean natural resources,
such as oil and gas. 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 shel!
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
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[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 holiow metal ring 80 disposed
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disi? sgggﬁﬂpgetgg %grﬁp]@f&ﬁ%%@hsr @ngg#_ thP‘i’ﬁét'aPrﬂ'Fg &3 wqwe'tHg frctal

ar grooves n cont rast
ringetheatnpletety sufrrdeinGs abd nrtbtecﬁsrih@ elasttimareose8e. ﬁératre@nlt the

mtegrﬁegﬁ e%r Bér&gﬁé bé%fm rﬂgf?ﬂj ﬁpc?\?@fﬁgﬁeﬂl Fﬁe?é?%%&l

ereln ann ar ri
inteBf@ce belhnmxée&ha cpipositd $aal 02 aadmmrrasp@dmg/mseliﬁm oltaemetal
tbllltﬁstra&'e tal ring 80 of FIG 6 al so includes

ub& ith ses 106 and 108 disposed in the cap

portions 84 and 86, respectively. [0024] The enbodi nent
[0023] FII&.thg ehdedimmatt of EKG.SG, the ntermdtahe)seaquorﬂmtswmhwde a

tr of
pludiST aRniaP reBELB Y I bfficdst i il @hPeERRb fiE"S,
inteftinegiatesbah bomnigns B8 hane arpiua‘dlnatoé aspalbr pios 96 disposS&d about an
wever n contr as t he f FI
anigfk Spare b uiE N oF e e M ap She B pTiraly of Afnular
gro&ldsa Cgi‘ltTr'ﬁﬂnMe%tM[e% gfeftéwmg@b afirRGI Gtatyoﬁﬁdudésgim&ﬁdidr rggesses
ortion n addi tion, ortions an

10q 4 {Fianmmnedn e a08oms 9% 2Rl BoliBspElRACT 1 vel y.

[0025] Turning to FIG 8, this enbodinment is simlar to
[00B4]G. The ymboﬁih%nﬂat RIG. 17 e f&@tuirémi;luﬂialstoathgseait teath FIGS. 5 and

Eé&% % Hée g@%ﬁ’%%ﬂ?ﬁ]%ﬂ I bSE@RgFlg% at (ﬁé]sezg %Rjrallty of annular
grobﬁﬁsef T@@ib@ééédseﬁ@hg Pperihticfnedi8f selhportiaps Ber Ho@@eﬁcin enritrast

to tP%ga@emm@t yf Fﬁ'éiu 9neﬁ i %r?é{tﬂé\?egsg 1806%5‘ t%@ fﬁﬁb”q fdonger

stref t%'nnﬁ['aﬂ Gurddtel dTGhd farphdefidte 8bhit poridnsoaB) UI'nQidd&mC@fé cap
lurality of annular ribs 122 arranged in an

porﬁqm%%awa inglciecanniiRg ragsses t he apeHdf r9ses M G9is

a cross-sectional view of an alternative seal assenbly

[00@3]0 dirspegad Met searR érﬁ@)dumaﬁr.s@nﬁnm@ EIGtﬂ%sthla‘i’néﬂaﬂnng 80
of the system 70 of FIG 1. In the illustr

IncBBRaIOHRAe" N HebTe droksses A bs 800 it paigbiang! Brigeen the cap
orﬁ&@é@én&i be léh@tﬁ@ﬁﬁérnﬁa%?dte 482 Jﬁi;li’cfr% gL e anpottians 84 and 86

I qui d-netal seal di spose ally about opposite

of @Gdaanbwdwwﬁme@@ssgsagﬁ@wﬂ 8§eEﬁSPQQTG’ei% Theein a@éhate seal
porRER 68 Br thBendiBNFHg 88 MheRIe®! 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

8



WO 2008/ 109196PCT/ US2008/ 051726 tubes 14 and 16.

Specifically, the first and second seals 132 and 134

i nclude liquids 138 and 140 contained entirely within

metal enclosures 142 and 144, respectively. The netal

wochwsames 142 and 144 have netal bel |l ows 14BCTUE200BA81726

di sposed between inner end caps 150 and 152 and outer

end caps 154 and 156, respectively. The outer end caps

154 and 156 al so i nclude plugs 158 and 160 di sposed in
tubeeipanditbe Spasitiagls thﬁefzsfaafw segpnd FRalS| 1|?42L?§1drh’i4éaclgé%¢i'%wds
138]?;%:! ﬁzﬂg r.é'r?[é’ Pﬁ% %nfﬁ% | |ﬁﬁjnetiéﬂeé?§|o§hf& 1438 Re 4@?@3&%@@\/%

spective caps 150, 152
Theametalsaclosubséqa andHyM have nhetqmailgww%amd alispased

bethEbr‘? fhtn%p ehcﬁ' EQ&%Q&) g@cﬁ T%% Bﬁ{:}l Hie legllé @faﬁg Li‘5£]r %ﬁdtI ?E ﬂégﬁ%ctlvely

€ passages pl ugs
ThelGtenerd tdpsetitieahd mmahsh mqjxmaggs 18% andm ﬁO tieposed peal

RETITOE RV T MO e

by Wéltegdad beldves ﬂ%amssawmeﬁﬁasmwvdéﬁd cape h50,h&2, i 54,land

oSSR PR Do P Ao Pt B 11

and mgmlr&rgmﬁebagség@sl maSanwfsz:armnél%the%mgg 15D 68 ke
[1ing the bellows 146

148, 60
e TP dRIGREEORS B2 TPTB SERLOTLA SBesaPs 434 2] 1686
via a tool on the exterior. At this point, the plugs
[002728 amdhéﬁ@sﬁa@d\@hmem thet (bl @gmsesag@ssaﬁ% m\dalll)&hreaded

B P S ot SEShe o

158" cRl EBEANS ufeelﬁquicﬂisaaﬁd 14@ thﬂ@Nllrﬂ@ thie |ﬁE§r@I' ofamerwna\lvs 146
seal interface betwe 13

andigg. oﬁﬁﬁ%nqegwtl%afsﬂ"m taﬂ @ews Hﬁ ot ﬂ?gthe Yos 1I518cﬁﬂdd1560 are
thréa%j%d%ﬁqplé&&y%tén@é sﬁd casd 184 bhE 156 dlasa bdRoR b é)?ténor At this

provi de an outward force or ggessure as indicate

poink theweluas 05BARd 169 arerwpldled optasihedaspagesy t&2 and! %fh@niiﬁbe fil
pa&%Q@?%é Qﬁer’?@é%h Reldegwpd46 and 148 to be biased

I nner and outer tubes 14 and 16, thereby
rovi n the seal interface of the seals 132 and 134

(00281, *$iiaity i ubosiens of FGadaR Mamoihedasiar 22 and 144

ro@ﬂd@sat QBRA-0R SRballstt MaYAdas(RBee iRSIRNR{ 3B Rl 35 8Ak the
interface with both the inner and outer tubes 14

and
sur@IndReftabes g agener a9d'tl@1 thediuigs $38 apd 1éﬂ‘6‘éﬁﬂ>Pﬁ%¢1tﬂ§'de the
sedfif 153 gﬁla 132 %m&m Bstang &ﬁ@aﬁ?ﬁg a%tlﬁa’e%teerbyaarrows 170

sol I ast C mat eri a r at as ‘used
and h72.hé&hie phessireeon fogfe oz 7HeAawsgsthe metailbstlwﬁé{*ﬁ and 148

to t?en%b%e&é@ﬁ ]ﬁhgﬁﬁéf éﬁtﬁ F%ggjt&%nll 1;&??&%%% Inwg%rovm t%e seal

lnter[aree@}bthemﬂla t3and 684 witb diné tubetildredattd laladgitioat theeannular

o S SRR e R Db o

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



drawi 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

di scl osed. Rather, the invention is to cover all
woadhasitgmsd ons, equi val ents, and al t er nati vesPERUS2D¥$E51726
wWithin the spirit and scope of the invention as

defined by the foll ow ng appended clains. 11 CLAI ME:

1. A system corgjrlsn dg a conposite seal, conpris
dfawm%rﬁﬁ@“‘aﬁve@@al espirad ip el hareig- &‘Werét WE’DtPﬁU gstood
thaﬁtg%%\}en‘tlaﬁ ?ﬁ&‘?ﬁeﬁ&i anfbstfé'hrﬁﬁéd\ﬁﬁﬁebﬁﬁmh%? GRS d];&%sed

el astoner di sposed w thi he _
Rathan mln@rnvaehcm isdmepver alineediiications esivivelaits randﬁltematrves falling

wittFi Bid ?ﬁg@t:e%cf %ob%%ifieyi@?&%%%ra% i‘ﬂb@ ?'y t@%?ollélﬁﬁgt%gended

I nter em of

claiglsast omer i s conpl etely cont ai ned and sealed within
the annular nmetal shell. 3. The systemof claim]1,
wherein the annular netal shell is a prefornmed holl ow

metal ring configured to receive the elastoner. 4.
The system of claim 1, wherein the annular netal shel
conpri ses upper and | ower shell portions coupl ed
together at an internediate joint.

10



5. The systemof claim1, wherein the annul ar netal
shell conprises an el astoner injection passage. 6.
The system of claimb5, wherein the el astoner injection
passage is sealed by a plug. 7. The system of claim
1, wherein the seal interface conprises a plurality of
annul ar ribs in the annul arnetal shell. 8. The
systemof claim1l, conprising a thernoplastic ring
Clgyﬁﬁgsed between a plurality of annular ribs. 9. The
m of claim8, wherein the thernoplastic ring
conprises a PEEK material. 12 10. The system of

1. ¢l aiaykter CSBMRbIEING PcstRpbdie sHadRemqshistd:hi n the
annul ar netal shell along with the elastoner. 11. The
systemof claim1, conprising one or nore tubular
menberenkay imefak shellconpuisinga samla bottom, ansea sgakivieriare

isgloRbT oS e 5 Wt BbhbRAGnfavi ng the composi te

an elastomer disposed within the annular metal shell, wherein the
elastomer is configured to impart pressure against the seal interface.

2. The system of claim 1, wherein the elastomer is completely contained and

sealed within the annular metal shell.

3. The system of claim 1, wherein the annular metal shell is a preformed
hollow metal ring configured to receive the elastomer.

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 sheil.

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

9. The system of claim 8, wherein the thermoplastic ring comprises a PEEK
material.



13. A system conprising: a conposite seal
conprising: a netal seal interface; an el astoner
coupled to the nmetal seal interface; a spring disposed
in the elastoner, wherein the spring and the el astoner
cooperatively provide a sealing force against the
metal seal interface. 14. *he systemof claim 13
wherein the elastomer is conpletely contained and
sealed within a .hollow netal seal having,the.ngtal
103 car i sy aipRLgdain &, i adiipe MngRa Y stanyiar
metdieshenldisny Wik te slaslonttnpri ses a preformed hol | ow
annul ar encl osure conprising an el astoner injection

passage. 16. The system of claim 15, wherein the )
11spr The sygiept pkaaimh, compising §pe ion grore tubulanmesipers havwng

cl ai erein the spring conprises a C shaped
thec#%égbésli%c e:/gc?)'n. 18. The system of claim 13, conpri sing

a thernopl astic seal disposed along a recess in the

12et The s¢stem o daihat ecompising bavelihetad haofngttheicondidsite seal.
wherein the netal seal interface conprises a plurality
of ribs and adjacent recesses. 20. A nethod,

3¢ onfraysteany: Caurifing SCHBPOBIR $AA.AOMRIIRNG A/MEtR! 4efkt al

: i nt ; i bed | Ty b i

nig A e SaciBier cBlitel o W Bietdl RS A Pl AR Spring ibplspdn

the dlastoinest wherein thedspring and the 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 comprising an elastomer injection passage.

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.

20. A method, comprising: forming a hollow metal ring having a metal seal
interface; and filling the hollow metal ring with an elastomer; and sealing the

hollow metal ring about the elastomer.



21. The nethod of claim 20, conprising positioning a
first ring portion adjacent to a second ring portion
to define the hollow netal ring, wherein filling
conprises inserting a first portion of the el astoner
into the first ring portion and separately inserting a
second portion of the elast®rer into the second ring
porti on. 22. The method of claim 21, wherein sealing

120Bh 5ol Yt SRR bl ol B idken
to Q%Ed)ﬁmﬁn@f)oﬁi&ﬂ tS'd‘éﬁh@'ﬂﬁé hollat¥ met@ieinie Wheseiafillingalomprises
1, wherein f ng conprises inserting the el astoner

mseﬁm a fiest pprt@n erth% etestmer 'ﬁ@J fherfirstoing pertien ang separately
ins@ﬂgi t4 044 p&ﬂgn of é é‘lgs il D8Re &&ﬂ&ﬁn# PSrtfo!nf St

920N I Nng portions ogether a ter posttioning.
24. The net hod of claim 20, wherein filling conprises
22i nj Thé inmghbdef elb&ﬁmnwhetéim seglingcaraptsgevelding thadirst ring

hol | I I 7
pofiaedd ee Seaund L bABPH STeh nser G By S st portions of
thé)é]ggltoh{gﬂ ng a nechanical spring within the el astoner.

26. The nmet hod of claim 20, wherein the elastoner is

configured to inpart pressure against the netal seal
23i nt €hé awathod 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.

24.  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.

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

the elastomer.

26. The method of claim 20, wherein the elastomer is configured to impart

pressure against the metal seal interface.



