1 FULL BORE COWMPRESSI ON SEALI NG METHOD CROSS REFERENCE TO RELATED

APPLI CATI ON [ 0001] This application clainms priority to U S. Provi sional

Pat ent Apwbi2esrilies3No. 61/ 164, 362, entitled "Full Bore Eammsessiooss3seal i ng

Met hod”, filed on March 27, 2009, which is herein incorporated by reference
inits entirety. BACKGROUND [ 0002] Thi § section is intended to introduce the
reader to various aspects of art that nmay be related to various aspects of

the present invention, which are described and/or clained bel ow This

di scussion is believed to be helpful in providing the reader with

background i nf or mat iFyLIt BORE JONMPRESSION SEALINGMETROW ng of the various
aspects of the present invention. Accordingly, it should be understood that

these statenments are to be read in this light, and not as adm ssions of

prior art 0 | ] extraction systens (e.g.,
oil and gggb%% ék%#%ﬁﬁ&&é‘%@éﬂbwﬁéﬁs of tubing, valves, and
connectors that are seal ed together by various seals. These seals are often
subj ect ed9081har IH'SeerWi“F%tfPr?e‘Hg'ms RIATHEY 19 Bz, PrevisiongkPatent epicationyi ds,
extrene PUESEH 68 368N EhiR%h" PP BbRIDEHRI 4IRS SERIRPMEBIhod! &S of RAdrenar
often di sposed I n renote equl pnent, such as a marine (e.g., sub-sea)

wel | head, 243008, whichriakereit nwooaiaddriapefereace i itkuentiralyd expensi ve. Over
time, these seals tend to |lose their nenory or shape. Wen this type of
damage occurs, the seals begin to hold pressure |less effectively,

particul ag A kREROUMND Pr essures and sub-anbi ent tenperatures. As such, it
may be inportant to ensure that these seals are installed in a manner which
m ni mi zes[008Rhge Thie.sgclioria intesided )to iirddugeiths teddeatd warious 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.

[0003] Fluid systems, such as mineral extraction systems (e.g., oil and gas),
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, these seals are often disposed in remote
equipment, such as a marine (e.g., sub-sea) wellhead, which can make access
and repair difficult and expensive. Over time, these seals tend to lose their
memory or shape. When this type of damage occurs, the seals begin to hold
pressure less effectively, particularly at high pressures and sub-ambient
temperatures. As such, it may be important to ensure that these seals are

installed in a manner which minimizes damage (e.g., extrusion) during installation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] vari ous features, aspects, and
advant ages of the present invention will becone better understood when the
fol | owi ngwoevsviiedssdescription is read with WO PCT/US2010/024339

2010/ 110953PCT/ US2010/ 024339 2 reference to the acconmpanying figures in

whi ch i ke characters represent |ike p;arts t hroughout the figures, wherein:
[OO05]FIG 1 is a block diagramillustTating a mneral extraction systemin
accordance with an enbodi nent of the present invention; [0006]FIG 2 is a

partial cipsensetd inehcbmipafyindSigheesSiRQmictike EhgabRAIRIr&dent like

parts throughout the figures, wherein:

[0005] FIG. 1 is a block diagram illustrating a mineral extraction system in

accordance with an embodiment of the present invention;

[0006] FIG. 2is a partial cross-section of the casing spool and the hanger of
FIG. 1;

[0007] FIG. 3Ais a partial cross-section of an exemplary annular seal in a
non-deformed (“pre-loaded”) shape;

[0008] FIG. 3B is a partial cross-section of an exemplary annular seal in a
deformed (“loaded”) shape;

[0009] FIG. 4 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a substantially constant axial cross-
sectional height from a radially inner face to an axial centerline and a linearly
increasing axial cross-sectional height from the axial centerline to a radially outer
face;

[0010] FIG. 5is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a linearly decreasing axial cross-
sectional height from the radially inner face to the axial centerline and a
substantially constant axial cross-sectional height from the axial centerline to the
radially outer face;

[0011] FIG. 6 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a linearly increasing axial cross-
sectional height from the radially inner face to the axial centerline and a linearly
decreasing axial cross-sectional height from the axial centerline to the radially

outer face;

[0012] FIG. 7 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a linearly decreasing axial cross-
sectional height from the radially inner face to the axial centerline and a linearly



FIG 1; [0007]FIG 3Ais a partial cross-section of an exenplary annul ar
seal in a non-deforned ("pre-|oaded") shape; [0008]FIG 3B is a parti al

cr oss- secwpanioofloed exenpl ary annul ar seal in a def or ne#Cfruse@admeld3ps shape;
[0009]FIG 4 is a partial cross-section of an exenplary enbodi nent of an
annul ar seal wth a core seal section. iaving a substantially constant axial
cross-sectional height froma radially inner face to an axial centerline
and a linearly increasing axial cross-sectional height fromthe axial

cent er | i nAclc@sig BEHI @ds- %l@ﬁalfr?é?@nt PRI Bl ce'i_’ltérﬁn@tcpﬁfetr'aa'all

cross-section of an exenplary enbodi nent of an annul ar seal WItK a core
seal sectouwérfegeing a |inearly decreasing axial cross-sectional height from
the radially inner face to the axial centerline and a substantially

const ant [BR13] cFYsB isexpariabtrorgisgetiornf ofan exemplria¢mbedinant ohent o t he

;ig'ng: ;yygm%dﬁe%@ﬁ/ th%afgoi%]sgggec%oh%aeingqf %r?—\inge{rﬂlsgéc?ggéiﬁé) axi%f an
cross-sectional height from the radially inner face to the axial centerline and a
non-linearly increasing axial cross-sectional height from the axial centerline to the

radially outer face;

[0014] FIG. 9is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having a non-linearly increasing axial cross-
sectional height from the radially inner face to the axial centerline and a non-
linearly decreasing axial cross-sectional height from the axial centerline to the
radially outer face;

[0015] FIG. 10 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having an asymmetrical, linearly decreasing
axial cross-sectional height from the radially inner face to the axial centerline and
an asymmetrical, linearly increasing axial cross-sectional height from the axial

centerline to the radially outer face;

[0016] FIG. 11 is a partial cross-section of an exemplary embodiment of an
annular seal with a core seal section having more than two varying cross-

sectional profile sections; and

[0017] FIG. 12 is another partial cross-section of an exemplary embodiment of
an annular seal with a core seal section having more than two varying cross-

sectional profile sections.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0018] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not

be described in the specification. It should be appreciated that in the



annul ar seal with a core seal section having a linearly increasing axial
cross-sectional height fromthe radially inner face to the axial centerline
and a |inEarbw/deesseasi ng axi al cross-sectional hei ght Pcomsteie/oa43al
centerline to the radially outer face; [0012]FIG 7 is a partial

cross-section of an exenplary enbodi m%fnt of an annul ar seal with a core
seal section having a linearly decreasing axial cross-sectional height from

the radially inner face to the axial centerline and a |inearly WO

2010/ 1109935 3h0 2033 8cRial MSpIeRRhRGioAXA&In &hy0esgiseSiiLadesigi ght from
dially oo

the axial centerline t0 the radia outer face; [00I3]FIG 8 is a partial
cr 0ss- sedroget, glumgroux énpleaeptalishaenasHictdasisiens musiubamasiedd aghieea cor e

from the MaGeNFLpeR: SRPaR bhAR TSt AL PR ] RIS EN M hear 1y
I ncreasi ngusinasslretates sesstcdimio nahichenghvarfom bhe irapleatertatidretol arughdro t he

radially outer face; 014] FI 9. is.a partjal cross-sectiop of an

exenpl ayyMgwgr,ﬁ%ﬁ}ougf?b%ﬁLpre%iated that sugh a cJeveIopment e?fort mlgnt be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit
of this disclosure.

[0019] Certain exemplary embodiments of the present invention include
systems and methods for using an annular seal configured to expand radially
when subjected to an axial force. More specifically, the annular seal may include
a top seal section, a bottom seal section, and a core seal section. The core seal
section may include non-orthogonal top and bottom faces when in a non-
deformed shape. In addition, when in the non-deformed shape, the annular seal
may be capable of being run into a wellhead while leaving a gap between the
annular seal and inner and outer bodies through which the annular seal is run.

This gap may reduce the likelihood of damage, such as extrusion.

[0020] When the axial force is exerted on the annular seal, the core seal
section may expand radially, causing the annular seal to form a seal between the
inner and outer bodies. In addition, the axial force may also cause the top and
bottom faces of the core seal section to be deformed into an orthogonal
alignment, causing the annular seal to form a seal between upper and lower
bodies above and below the annular seal, respectively. In certain embodiments,
the top and bottom seal sections may be configured to urge the top and bottom
faces of the core seal section into the orthogonal alignment. For example, the
top and bottom seal sections may be formed of harder materials pre-loaded in a
manner biased toward orthogonal alignment of the top and bottom faces of the

core seal section.

[0021] As will be appreciated, in the present context described herein, when
the top and bottom faces of the core seal section are described as non-



annul ar seal with a core seal section having a non-linearly increasing

axi al cross-sectional height fromthe radially inner face to the axial

cent erl i r®0ant)/a09%0Nn- | i near|ly decreasing axi al cross-seeCirarsadioheisght from
the axial centerline to the radially outer face; [0015]FIG 10 is a partial
cross-section of an exenplary enbodi t of an annular seal with a core
seal section having an asymetrical, [Mnearly decreasing axial
cross-sectional height fromthe radially inner face to the axial centerline

and an asyfABjohaf@hen ir Q%@hldéférﬂ%oeﬁ%gégtrﬁé‘h@an@rtﬁ’étsthé%lf_é b abttérai ght from
the axial centerline to the radi all ter face; [0016]FIG 11 1s a partial
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appreci ate
bottom faces form substantially perpendicular surfaces relative to the radially

inner and outer faces of the core seal section. In other words, the top and
bottom faces become substantially flat and parallel to the radial axis of the core
seal section.

[0022] FIG. 1 is a block diagram that illustrates an embodiment of a mineral
extraction system 10. As discussed below, one or more seals may be employed
throughout the system 10. The illustrated mineral extraction system 10 may be
configured to extract various minerals and natural resources, including
hydrocarbons (e.g., oil and/or natural gas), from the earth, or to inject substances
into the earth. In some embodiments, the mineral extraction system 10 is land-
based (e.g., a surface system) or sub-sea (e.g., a sub-sea system). As
illustrated, the system 10 includes a wellhead 12 coupled to a mineral deposit 14
via awell 16. The well 16 may include a wellhead hub 18 and a well bore 20.
The wellhead hub 18 generally includes a large diameter hub disposed at the
termination of the well bore 20 and designed to connect the wellhead 12 to the
well 16.

[0023] The wellhead 12 may include multiple components that control and
regulate activities and conditions associated with the well 16. For example, the
wellhead 12 generally includes bodies, valves, and seals that route produced
minerals from the mineral deposit 14, regulate pressure in the well 16, and inject
chemicals down-hole into the well bore 20. In the illustrated embodiment, the
wellhead 12 includes what is colloquially referred to as a Christmas tree 22
(hereinafter, a “tree”), a tubing spool 24, a casing spool 26, and a hanger 28 (e.g.,



4 devel opnent of any such actual inplenentation, as in any engi neering or
desi gn project, nunerous inplenentation-specific decisions nust be nade to
achi eve twe svabwpers' specific goals, such as conpl i arCe&/us2a10/024339
systemrel ated and busi ness-rel ated constraints, which may vary from one

i npl enentation to another. Mreover, it should be appreciated that such a
devel opnent effort m ght be conplex and tinme consum ng, but would

nevert hel ess be a routine undertaking of design, fabrication, and
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well 16, the injection of various chemicals into the well 16, and so forth. Further,
minerals extracted from the well 16 (e.g., oil and natural gas) may be regulated
and routed via the tree 22. For instance, the tree 22 may be coupled to a jumper
or a flowline that is tied back to other components, such as a manifold.
Accordingly, produced minerals may flow from the well 16 to the manifold via the
wellhead 12 and/or the tree 22 before being routed to shipping or storage
facilities. A blowout preventer (BOP) 36 may also be included, either as a part of
the tree 22 or as a separate device. The BOP may consist of a variety of valves,
fittings, and controls to prevent oil, gas, or other fluid from exiting the well in the

event of an unintentional release of pressure or an overpressure condition.

[0025] The tubing spool 24 provides a base for the tree 22. Typically, the
tubing spool 24 is one of many components in a modular sub-sea or surface
mineral extraction system 10 that is run from an offshore vessel or surface
system. The tubing spool 24 includes a tubing spool bore 38. The tubing spool
bore 38 connects (e.g., enables fluid communication between) the tree bore 34
and the well 16. Thus, the tubing spool bore 38 may provide access to the well
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prevent oil, gas, or other fluid fromexiting the well in the event of an
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[ 0025] The tubing spool 24 provides a base for the tree 22. Typically, the
tubi ng spool 24 is one of nmany conponents in a nodul ar sub-sea or surface

m neral ewoOraoriles3system 10 that is run from an of f shoPeTS2&101024389 sur f ace
system The tubing spool 24 includes a tubing spool bore 38. The tubing
spool bore 38 connects (e.g., enables Jluid comuni cati on between) the tree
bore 34 and the well 16. Thus, the tubling spool bore 38 may provi de access
to the well 7 bore 20 for various conpletion and workover procedures. For
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60 between the bottom landing ring 46 and the top landing ring 52. As a result of
the engagement between the top landing ring 52 and the bottom landing ring 46,
the top landing ring 52 may isolate any vertical movement of the hanger 28 as a
result of pressure either below or above the hanger 28 from the bottom landing
ring 46. The top landing ring 52 “rides along” with any movement of the hanger
28 without transferring or off-loading any load, thus preventing damage to the
hanger lockdown ring 48 and maintaining integrity of the hanger lockdown ring 48.

[0030] In certain embodiments, the seal assembly 42 may include a lower

seal body 62, a lower test seal 64, an inner metal seal assembly 66, a middle

seal body 68, an outer metal seal assembly 70, an upper seal body 72, an upper
test seal 74, an upper seal actuation ring 76, and a carrier nut 78. The lower seal
body 62 may abut the top landing ring 52 when the hanger 28 is installed, landed,
and sealed in the wellhead 12. The middle seal body 68 may be connected to
the lower seal body 62 at seal 80, such that both the lower test seal 64 and the
inner metal seal assembly 66 fit between the middle seal body 68 and the lower
seal body 62. In certain embodiments, the inner metal seal assembly 66 may
include a pair of Canh seals, such as R-Canh or MRD-Canh seals. The upper



bottom | anding ring 46, a hanger | ockdown ring 48, a | ockdown actuation
ring 50, and a top landing ring 52. The bottom |l anding ring 46 nay be

t hreaded wo 20toe11bsager 28. The | andi ng assenbly 44 may PoTatseowi43danger 28
in place and may be | ocked into position via the hanger | ockdown ring 48 by
radi al | y engagi ng recesses 54 of the Qfllhead 12 (e.g., the casing spool
26). Once the landing assenbly 44 is |'ocked into place, the |Ianding
assenbly 44 (and the hanger 28) 8 may be | ocked by actuation of the

| ockdown g Baawz ridy'Se BOnSatSEY td e rhitl e Bbgl BBkl 82 RYcABhArS | ocked
radially into the recesses 54 of the wellhead 12 The han_rgér 28 may be

adj ust ed thg augraneiahseal asaamybyr 7 Qtsvieiweerr thenupral seglikedyt haand e hanger 28
noves al o I i ring. 4 T i ring 52 may
al so be t'ﬁgjgﬁa%g%ﬁ%tgw h%qe8 ﬁgﬁ%@gnfgag'Pne%%éﬁ&%ﬁlséﬂﬁeoéﬁ(h%@hfers@ %é%le top | andi ng
ring 52 aasbehtdly d0nmaynidciodera pair s6Camty séals hsuobigs R-Cant treMR@ganh28 via the
sane outer (fli a'(rl}liet ~threads. The O&J?gndi 29 ring 52 mia% al so be coupled to
Che. bot t GFRAM HIIG g BoRaTSea! o aSiPSEONERd odnediRpREsedhat
engages aqdi@afsSrigp70 bt 5@ Sa05L MR HE lishdritest skl 7ARtsShithech itee tOp | andi ng
ring 52 may rotate in sync with the bottomlanding ring 46 but may not

al | ow | oadPRer gaskRIdynE ap@ina wieparseal agidalie) ingge52 and the bottom | andi ng
ring 46. In other enbodinents, the top landing ring 52 nay be coupled to
t he bot t d®0B&hdi hbe uppgr 6t s¢al 74 anslthanowkicipabssal #40naY generailphef eat ure, or

th i , i . S i 60
et ween L EER AT AATR S haddg FR b RS T Re RIS ARG BAM8S | esur
of t hEGemﬁmmnblelu@é p\etegerftz‘aasgaz)mdda&nﬂ Salﬂaledi rlrgthEZNalrné_adh?. rgrt om | an]gi nﬁ
rrn , the to 1 Ng Il may, | solate any vertical novenent of the
nanger - 2e e G g, 3B depics Palioh SOsBstesiPaR OLmbGL TR AHGAR 28 1 rom
the bott ogad| 88Gh BthdnldioRed FPre-ldaRehdigiape antOd&8rmed ¢esadtladnghap th any

8
movenent of the hanger 28 V\ntEout transferring or off-Ioading any | oad,
t hus pr eViéapecityetia anrlarsesh 8Adgedy, fordkaienacrhangithes the tpwaiitestaeal ng

| ntegri ty@@% fh%}d@%g?é?‘srt sFQPﬁ%M&tr&H&Qn‘lﬁp. Eg%‘%}é{hu‘r‘a@@eﬁi 86 | ments, the

seal asse i nclude’a T ower sea , a |l ower test seal 64, an
i nner netlatateddetwssreabagiabbouter bodylB8, areappdradgialinren body €0, aed al seal

assenbly 70, an. er sea dy 72..an upper test seal 74 n upper seal
ot uati orfomen g e S5t | iy oicT et Biieen e 00 Bt R hBay abut
the top lipAgh tﬁtﬂjyfgm&a?%é@%ﬁrét@é Hyaddthierddal 941 Fok mstRide, If @slgahuiand seal ed
in the well head "'12. The m ddl e_seal body 68 ma% be connected to.

seal 86 is the upper test seal 74 of FIG. 2, the outer body 88 may be the casing

spool 26, the upper inner body 90 may be the upper seal actuation ring 76, and

the lower inner body 92 may be the upper seal body 72. However, if the annular

seal 86 is the lower test seal 64 of FIG. 2, the outer body 88 may be the casing

spool 26, the upper inner body 90 may be the middle seal body 68, and the lower

inner body 92 may be the lower seal body 62. Furthermore, although illustrated

in FIGS. 3A and 3B as being installed between the outer body 88, the upper

inner body 90, and the lower inner body 92, the annular seal 86 described herein

may be installed within any combination of radially inner and outer bodies and

axially upper and lower bodies.

[0032] The annular seal 86 may have a cross-sectional composition generally
comprised of three sections, e.9., a core seal section 96, a top seal section 98,
and a bottom seal section 100. As illustrated, the core seal section 96 is axially
between the top and bottom seal sections 98 and 100. The core seal section 96



the | ower seal body 62 at seal 80, such that both the | ower test seal 64
and the inner netal seal assenbly 66 fit between the m ddl e seal body 68
and t he Iwoenigaeds3body 62. In certain enbodi nents, thePCHASRONMLEBEI seal
assenbly 66 may include a pair of Canh seals, such as R-Canh or MRD- Canh
seal s. The upper 9 seal body 72 may b«,? connected to the mddl e seal body 68
at seal 82, such that the outer netal geal assenbly 70 fits between the
upper seal body 72 and the m ddl e seal body 68. Again, in certain

enbodi menhgy bb%ngk% dF%h%lasﬁ@r%ler 6§ﬁﬁiEQHha?9ndW\)hllbriﬁé séalRabfiorP! Canh

seals, such’as R Canh seals. In dition, the upper seal body
72 may bed&anchbetien seal s%no{mmﬁ@rmsﬁ@e @mﬂﬁ@eﬂcﬂﬁ hardey nr@etalssauth &, such

that the i V\ﬁﬁnl nd t he
upper sea Bﬁgenét%?o%%rerﬁ%g?%é% FE%}B@%V ué é)& onsggg;%l C?Q%yboél%tnﬂe | ower

t est seal séad sertiongEdtemaly e dumfigetadaotuede It@pllaradi battmfmfh@est tfehbaogesedd8 is run
into the well hﬁﬁd 12, agg%exp?nded r adi gy once the a ﬁgr 28 i s | anded
and seal etPAIRNOPRANREAN M alpggimenia BRC BEHRPEEL parti al
Cross- SeClhhéV@od%f ORANE HRIBWRF Yrrieh %65?925 ‘?@'otrfé@ v»'rd?d@1 tﬁ@ opleéArs@Bton
("pre-1oaded") shape and a deforned | oaded e, respectively. The

annul ar s¥an@hakgiiom geal sestiande0 nry eigeHBe t@ﬂngnqi emifages alethe 64 or the

upper ¢ estor8ak detioh ity 25 kbl Garhel IR AGAMRY Pl 8% ik

| ocat ed er radia I nner abody 90,
and a | ovets ohtuleaddrey sealrszctibn 8¢ t@Zlosbnhagdptdfdm boree qupms’[amcmdarne body 90

d the | | d b oth 94. F
ot ance. P Rea SSihn YAh e Biien sSTRECIT To0 S B8 108384 41 @ . ¢ he
out er bOdMaﬁﬁeﬁWNch%éﬂ@n@@éhl’%sﬁ)@@id t?cﬁtonﬁ Feocd R Sie b&@@eab@é%o?@ﬁmy be

t he upper seal actuation rin and the | ower inner body 92 may be the
upper seaP“@%?n?ﬂﬂgnfﬂéﬂb\VB'ﬁh is pubgiantiphypespensicylardg rﬁ@'aﬂ}‘]@nleb@@@ test seal

64 of FI pper inner
body 90 reyieTiEePs oF eipra A ¥R e r b AR SRR, ot o DDy b
t he IO\NerbciEm famdy % 2ddiiant iheentaimeemeodinwnis) thé hostleaseal 86may GS.  3A and
3B as being installed bet n.the outer d 8. the body 90,
and the. 1 BrHE kR T8y odB i afitRs Reche e HeBelP Rl Er ey be

i nstal | edgrobidd mozamr.mg‘ggmgqh@gegf naigél y i nner and outer bodi es and

axi ally upper and | ower bodi es. [OOgZ]The annul ar seal 86 may have a

Cross- Sec[*()t)%{i A@@é@éﬂlﬁéd)ébcﬁ)%nmla'tb(e Rangyr =5 Uéfn RiheRtoBEWelRgade. 9., a
core seal section 96, a top seal section 8, and ottom seal section 100

As i1 1 ust FAdEeI2NHar oAl S6J8aY beeekagRd saialy. o N WasEVEErANTHET op and
bott om segly 88ThAyPHS 8 Gt $86h thEh GireRif aSfR-a&BRhbQ Pprdioata)

shape, the annular seal 86 has a cross-section with non-orthogonal top and
bottom faces and the radial width of the cross-section of the annular seal 86 is
approximately equal to the radial width Wyg between a radially inner face 106
and a radially outer face 108 of the upper inner body 90, leaving a gap Wyqp
between the annular seal 86 and the outer body 88. In other words, the total
radial width Wi.ia between the radially inner face 106 of the upper inner body 90
and the outer body 88 may be equal to the radial width Wy,g between the radially
inner face 106 and the radially outer face 108 of the upper inner body 90 plus the
gap Wgsp. Since there is a gap Wgap between the annular seal 86 and the outer
body 88 while the hanger 28 is being run into the wellhead 12, the annular seal
86 may be less susceptible to extrusion while, for instance, running through the
BOP 36. As such, the annular seal 86 may remain capable of creating tighter



may be conprised of an el astoner or rubber material while the top seal
section 98 and bottom seal section 100 may be conprised of harder

mat er i al swo0mm1ees3f abric and certain netals. In particeCarngs2ei®243ep seal
section 98 and the bottom seal section 100 may be configured to urge top
and bottom faces of the core seal sectllrl]on 96 into an orthogonal alignnent,
which may forma seal with the upper ner body 90 and the | ower inner body
92. In other words, the top seal section 98 and the bottom seal section 100

may urge 4 bpd tﬁ@ﬂfeb&tthéﬁhﬁa@%eéﬂ%é Qﬁc&@éﬁa@%@r‘oﬁ 6§Frué?6‘n dfringit 0 a

substantially parallel alignment with respect radi al axis of the core
seal sectingtallg@on i nginbeigedhe gap of the bore. For instance, the top seal

section 98 and the bottom seal section 100 nay be pre-loaded in a manner
whi ch nmay[0084H t ©nge dlee hapgeridB ibdandad drctesaled in the weliheadda), theect i on 96

b out or TR b M ahaTRRbE A, ¥l P Sodhimd Id At ave of o
the top adefoledd (roddedyshaps haditgtd _OmbsstBclft@Wv&hBub@tbﬁﬂlalryﬁcbrtr&)gohbe annul ar
seal 86 maétl ncl ude one or nore radi allhpl nner gro ves 102 and one or nore

radi al | y ‘98t RAUGBY Bt 0dn PEIET WOEHL 43¢ HRp 1ebe %Qfs\mﬁmé [ 0033] As
descri beddé??ﬁf'{é‘d in%‘bbi%gtsl&%sﬁ?ﬂﬂgﬁf é’r%llélstotéeﬂaﬂ&l EV df'ﬂﬁé’aﬁrﬁlﬁaﬂ%il@éad 12, the
86 may ra

annul ar seal be“retracte I n ot her words annul ar seal
86 may beTmanrﬁdlgejateleasmrpartﬁatthmneuoﬁtrwatmaiI@l@d Esxmetbatrswﬁnbuiaded ) shape,

t he ann - Qr nd bottom
f aces aﬁ tWégﬁggl‘?Bng%%Hﬁ%r 'ﬁ E%ﬁo?&thn@ﬁﬂg@y??@%%? gﬁgég’al 86 is
iggr OXL”BZ&iSé‘lammﬁl in the Wdﬂltaea@d(iagl'ha}awéﬂh fM@'egFabﬁtweateai ataeasalin parit bger face

and a_ radi outer face of the ner ving a ga
Wap Dot WBBATAIRE SLAR PaTPRRENS SE04RINA AR B 37al BayAceBo Akl (AR Fier ds. ¢ he
tot al ra%%‘ P%d’fd"th\é’annular seal 86, the core $§&4 abclst 9@6ﬂtﬁe@1ﬁu@'s@b| goi nner

face 106 of the upper inner body 90 and the outer % may be equal to
the radi anawdgiaimigi g, ddaveasmpreRsionpscl thqt iherradiaf Mﬂ’é oOtheapntnUare radially

t f th
outer (koo B8 Aokl WARE ol Bla WA B0 Melied el her e (here T
Ihanger 281 Oesofg::ae m?peurmtnenbody be andlthéneatdr b@dy BBe{e@nn’ablmn espm;dsm&ﬁ Lm%/hbeBOD

ess susceptible.to extrusio nn|n rou e
56: " ne o Bte SheieRY, Rt EI0t B8 cafe sodlmepliSn BB TSP o PedoRl g er - vo
2010/ 110957P6T AP HY &ﬂré?séal ddctivnales d@c\!r%'éshBQhé nhfe@h@te ghexmnnul ar seal 86

si nce damage from extrusion duri ngol nstallation is mnimzed. [0034] Once
t he hangefOMFepsionpidag CarrRIsed Heston A6 brkingEgasiaeradial widtfgdl.ar seal 86

Hind expa’\%dfaﬁakﬁéﬁs)(orﬁsofttﬁ&c&%"é&a%eftl On9636Tﬁ€8 e 8 difhg F‘eﬂfafng

("1 oaded" pe havi'ng a cross-sec Wi th su antrally ort Logonal top
and bottdnefc@()@seallsecmméﬁ nvay ey baked boghapdrtivatar geofratriéess used, be deforned

into bein ant ar al | di al axi f the, annul ar seal
e Do oatiian G ) e B el tediSn JoL Bk AmoRE G 1fe APl R s T hat i s
di stri but g mfdﬁ@ﬁM@\h@/étPWﬁferlaWﬂéﬂhbeﬁrYerﬂQ tA8 @otd1Scd| @¥elion 98 @fayody 92
once the hanger 28 is |l anded in the wellhead 12. The axial force Faxial is

creat ed a@xﬂaé‘§§ﬁd'iaﬂy pust 1G5 oF moree g raghal tdthaf A ABRYIar 88RIBS. tA%e annul ar
seal 86. s L8 @@@bg?ﬁ[ﬁu@@e | 86 ﬁwc?vf&]gge%etéh NG s%'&?ls‘é Mayseal 86, the

core seal section annu ar sea orm axi al

conpr essi gayugliycapphatradiaeforealF adia belitdendhe mrdaalgnImEaiaCséI@IG @6hé ncr eases to
the total uprp%qiir?r%ervr\)jo%}éovgnd the outer body 88, creating a seal between the bodies.
Also, as illustrated in FIGS. 3A and 3B, the two grooves 102, 104 may slightly
deform under the stresses caused by Faxia and Fradgial, increasing the sealing

volume.

[0035] The particular cross-sectional profile of the core seal section 96 of the
annular seal 86 may vary between embodiments. FIGS. 4 through 12 illustrate



- total between the radially inner face 106 of the upper inner body 90 and
the outer body 88 (e.g., radial expansion). Mre specifically, portions of
t he core weabigaetsson 96 may deform fromthe top and botrComsediobs3cor e
seal section 96, decreasing the height (e.g., axial conpression) of the
core seal section 96 but increasing t 5 radial wdth (e.g., radial

expansi on) of the core seal section 9 The degree of radial expansion of
the core seal section 96 may vary based on the particul ar geonetries used,

mat eri al setsdla fﬂmb&ﬁn@%’f@oﬁtﬁé'anﬁﬁrafr e8| %wutlﬁ K}Q r@@m b é&ﬁuoﬁ@@' force
Faxi al, and so fort However, in certain the core seal
secti on 9@ofigs. &opmmﬂﬁwllluytratew%@qemma@ esnbadimentef an annulah of t he

annul ar sleases, t he
annul ar S%egall 86%’%€/Céﬂr&a gky og\é%éjbg\é{% gﬁ‘%ﬁé?’@?b%?ﬁ%h %%abg Ween the
radi al |y semenalfrmt@wtxe@ Qixualhﬁstam@ﬁranmaeadubtbyhnn%fmm tohef thatcere body 88,
creating a eal éé/\,een t he bodi c—r\,s. Al s?, as i1l trate @c%:l GS. 3A and
3B, the t%? §EEHANEO oan a)i'@hcef‘ﬁi? I8¢ 1dRtqT JnIEP'Er SR ﬁ%‘giont%%e fesses caused
by Faxi al jjrpady 'ﬁﬁcﬁ@é@h? (@. @Crdﬂ%‘i’glﬂg 5018 &6834-58& 0@l H@Bht ([eD%?@ilIhe particul ar
cross-sectional profiTe of the core seal section e annul ar seal 86
may vary e Ax@heeNtertin Otah b OUEriTace) at ¥e cPeexenpl ary
dstaneeri remiioe AxeheeNteringd 1240 e Eef éH fw
enbodi e n I
orof i1 s S Seolctod IRBbr #67, Aiottace, 1Y 4\A'd cERbR BEB . BREMERT, |
annul ar sl sé&iom Q&medm@wamabrimaa; hawﬁ@ akmxbs@tlallﬁuhbom”tal@égy const ant

axi al cross-se t|on hei t (e.q., ial di nce) froma radially inner
face 110 Rarendour D e cebfutiont i et B Dt Zeh e he cor o
seal sectééwo%embrathlel ra@@w YhrieR ¢4 RAF1 NEind theJaxialien@srind @) 2 axbain
cross-sectional height (e.g., axial distance) fromthe axial centerline 112

to a rad&lﬂWﬁ@i@@@'@é@@ divergng) Rection ketweah e axiabgerderiing i 18tamey vvords a
top face ti‘wé‘? H‘yﬁut‘é??éc%fﬂ1f@0ﬂoﬂe1$p&1ﬁf,éahgt a%a‘f@[% r%%%étweer?@h
substantial [y oOrt ?

characteri ze avi n ogona per pendi cuI ar to
t he axi al arckbpotéorh |faxmsl‘m26 ané godrtae Iraﬁiiattccerﬂaerhaeinao of et mrmseel dexdipnsect i on

bet ween t ra I nd t axi al rline 112 and an

oot ver di ey B SupsAafY chBSEncroh e adiyAbELRCE aBo 1 2880, or i e 112
and the reghiedihy 108ta@0 hag mcldabe IMeary fatiHe B@dllcentdrivee X2 &) thai st ance
between the top and bottom faces 116, 118 and the radial centerline 120 of

the core '98Hlly outarifaee 6% nay be substantially constant fromthe radially
inner face 110 to the axial_centerline 112 and nmay increase linearly from
t he axi al (0988l er CioReersely, Fi5 thllustsaipa@nexemriaryfeceodimgnt pioysaNmdaler sel y,

FIG 5 1 1{dbpalifes AbrefeMbaigh S8R e aecr%?e%g% geal 86 with a

core seal section €g)gtlslhaw ng a c?hl neaé)\ﬂ ecrea conver gi ng) axi al
Cross- seca:orwe.egln@enmﬂltcrcﬁsa&-gpqtloaai taaélghn (stprapedl distance)Heom duk eddigllyi nner f ace

110 of the [o]0) ection nt er f the core

seal “seo o 8o 178 o WS huRkedl sodlionidh BhE af B gnteémss@jiéfeﬁ?&ﬂsﬂ hei ght
(e.g., axdad sdttfdrPge and brsamstdngamxeist QR Hxed lcrdbs- §e1:aoh@| tadi,al 1y outer
face 114 of the core seal section 96. In other words, ottomface 116

and the t¥fldidanadresn t*ﬂ%@Xlabcﬁe@t%r@awéaé@ mrag@llwt@fefa@wé@mq zed as
havi ng ag%dr%gé e)dttuéﬁ@'ee%%%éiwor%”t}ﬁ@r g?faéé‘%% t}ﬁ&‘{\@&gé}cfehﬁsr&d' ally

i nner fa e axl al centerline stantl 'y orthogonal
(e.g., pehpeod sedlmection Bhenaybalkcharactasized as rmmgaamlrwmrdlwlaafiglaob eag.r adi al

centerling 12 e tvveen th ent 112 radially
outer 1 acveiindEeER pe ey aGalt ey 5% AR 2o ftel g Top " ant
bott om f acesadd & subét&naaiq/ drirfogondi @.g. Cpéﬁp@hhloﬁ@rl@meﬂ)ﬁx@"&n@éﬂ@e seal
section 96 may decrease linearly fromthe radially inner face 110 to the
axi al and parallel to a radial centerline 120) section between the axial centerline 112

and the radially outer face 114. More specifically, the axial distance between the

top and bottom faces 116, 118 and the radial centerline 120 of the core seal

section 96 may decrease linearly from the radially inner face 110 to the axial



WO 2010/ 110953PCT/ US2010/ 024339 13 centerline 112 and nmay be substantially
constant fromthe axial centerline 112 to the radially outer face 114.

[ 0037] FI GvooiddieesBr at es an exenpl ary enbodi nent of an a&omuisariosdesBs 86 with
a core seal section 96 having a Iinearly increasing (e.g., diverging) axial
cross-sectional height (e.g., axial §tance) fromthe radlally i nner face
110 of the core seal section 96 to the“axial centerline 112 of the core
seal section 96 and a linearly decreasing (e.g., converging) axial

Cr 0SS- seCidripérfhe 1§D ARk rﬁ@y Be suB%‘t‘aﬁhalg &tr@fbﬁﬁ}roH 08 Hiid @ptdlinc e gy | ine 112

to the radially outer face 114 of core seal section 96. In other words,
t he bott dhefradielvoeteafatet iet.t op face 118 of the core seal section 96 may be
characterized as having an outwardly angled (e.g., diverging) section

bet ween t[0037hdi &lIG.\6 illnsisates aceexenplamenbbedimehbodf areanmdani seal 862viknd an

and tne” rAGMereA Selan FRERAL A IRkARE Mok PGl FoPERGud S 8% ror i e
occur ri ngsaptivesaladightad. d, fmaﬂaénm)mﬁom theadielly inddprfgces peg of iheaddry, t he
axi al distance between the top and bottom faces 116, 118 and the radi al

cent er | i N3l 8BCHAN YG[O @6%'%@8”%'5&1%0@@6% PerlSestien PPR89d y from the
radi al 'y I|rfé'ém§/ dfe@Fe%sﬂ%O(et@ écﬁlﬁxe?@ﬁh&)' 2§ 8ANr64d- éé@lo%é?hﬁgﬁlt @By, Sasr ease

linearly fromthe axial centerline 112 to the radial out’er face 114,
[ 0038] COrﬂA@haﬁeeM,romltma axial cenferingtlde tamh@mlyamyeref@bedﬂArmﬁtthewor@n annul ar

convergi i a8ri & oEaERblRa R sy 1o AT He RS TRA PG e
radi al | y ¢oreseaf seutioh B8 mby bbe:hamromr&eailassrwﬁmg)an 86twardlytengted @.gcenterline
112 of the core seal section i ncr aS|n di ver gi ng)

| i |
Slal or Sl ERlar Seean the sl inngl Eap ol 9 e he Bt ehdielinea,
centerling 21é-|’?d bR Iﬁv{?ﬁ’dryaéhg?édl Ye. Qubélﬁvérg%?}%é&ldhfbétﬂéeﬁ(ﬂﬁeeaﬁﬁm section 96.

In other words, the bottom face e top face 118 of the core seal

section g@NeNingd 12iandbe sadialsdouer feeei g wﬁhutm/atgdw@pnan*g’ﬂ?ef@f the. g.,

f I
conver ot b3S AISIEEN, 6 LA abhpara e g AR e o
the axi aldlstant:ebbtw&}nlthé tapant twettoadiaaes y16ut‘58arhcﬁtm r]aﬂj!all cemtbhlrtelh_e I O\iv12
oint 12 rofi ULk n enera t.the axi centerline )
or 6 specl el B pea SePn B oiel BEraap bba remiisd fadanpEesticeaces 116,
118 and the lroatﬁbfﬂmaléeﬁl@ﬂlrféﬂ1'2@1d12fﬁnyeCTféH%eqw’eﬁrlg%Fn fRGigan 96 may
decrease linearly fromthe radially inner face to the axial centerline

112 and megntertiae da3do thenasialy quiesfredd14xi al centerline 112 to the radially

outer face 114. . .
[0038] Conversely, FIG. 7 illustrates an exemplary embodiment of an annular

seal 86 with a core seal section 96 having a linearly decreasing (e.qg.,
converging) axial cross-sectional height (e.g., axial distance) from the radially
inner face 110 of the core seal section 96 to the axial centerline 112 of the core
seal section 96 and a linearly increasing (e.g., diverging) axial cross-sectional
height (e.g., axial distance) from the axial centerline 112 to the radially outer face
114 of the core seal section 96. In other words, the bottom face 116 and the top
face 118 of the core seal section 96 may be characterized as having an inwardly
angled (e.qg., converging) section between the radially inner face 110 and the
axial centerline 112 and an outwardly angled (e.g., diverging) section between
the axial centerline 112 and the radially outer face 114, with the low point 124 of
the profile occurring generally at the axial centerline 112. More specifically, the
axial distance between the top and bottom faces 116, 118 and the radial



[0039]FIG 8 illustrates an exenplary enbodi nent of an annular seal 86 with
a core seal section 96 having a non-linearly decreasing (e.g., converging)
axi al crose-2esxtidwaal hei ght (e.g., axial distance) fromCThis20106248%y i nner
face 110 of the core seal section 96 to the axial centerline 112 of the
core seal section 96 and a non- Ilnear g increasing (e.g., diverging) axial
cross-sectional height (e.g., axial tance) fromthe axial centerline 112
to the radially outer face 114 of the core seal section 96. More
speci T caldriterihB 420 @f 1R draaldbuimpichel Mgy beBrdaeAndddy pbri A radafy Seal
section 96 ma haracteri zed having” a concave profile fromthe
radi al | y inA@xk ﬁCeéd@ to e awaltmteradean pyangunay Irfcmelmarlwfnom theeaXidlw poi nt
124 of th&r{ﬁgﬂﬁg\{%%ﬂ{ %Ié?@(i}lﬂ]r[éljfag g%leral |y at the axial centerline 112.
S i

ween 'the top and bottom faces 116, 118 and

EQﬁ-[?ﬁLZI‘PP?)S ohIG Sl e ey S oA B LS s <EREH ne 112

consi st eng c@ﬂetéeeﬂ bectipn@amnaving andnellrw‘arlzfm%ctmlr@l(@ Qotoramrdingesxidllo, 118.
Simlarly, the axial distance between t tom faces 116, 118 and

t he radi a"?m%%ﬁ?‘étrqﬁah@e'ﬂbbeo@ el %‘iaécg)efé@még‘éf%ﬁ"YQ'G”%VC?ﬂéPeoéé*ée

non- i neagdry SEEPSE@CI[IBﬁ 9Bbahe 6214l &frﬂtéﬂﬁe%% df9nd B6r %@ | 8bdtlon0s8 gk hace 114,
consistent with the concave profile of top an ottom faces 116, 118.
[00|40] Connva-treaayly irereasiogi(eloustiveiging) annab&r@ﬁ@isactyorairbetghtr(ﬁm @kiahn an?ul ar
sea C 0 r ing (e.g.,
di ver gi n\éﬂ} gi%xé%l)l f?@ﬁg@%ﬁ%g??&t%ﬁlﬂeﬁg@gﬁYﬁ%gaoﬁ‘alw &Q% ﬁ%§|1s1t¥,é§r§ %%‘%om t he
radi al | y seanee tfcmc@e 1N/|© @8pddiicatior thedmttonsfacti1de &l the tdiéacexi 8 ofcent er | i ne
112 of t cor% s 110 S)n ea non- | i near decreﬂgsi n e(.) -

conver gi n@? CRLG &2 &982%” é@é@%yo%PhWéPlﬁﬁ'tze@ @s@awn@% E‘P”%V&I%@E) om t he
axi al Centhérrédlﬁ%/ thkér 1et 119 toade @é&lé’.ll}%ﬁtéf ch@Cﬁ 41MthQFf1e ideélﬁ[ ¢o5ppl
section 96. More specifically, the bottomface 116 he top face 118 of
t he core tbegonsawa pr@ﬁleg@:quarwgo@er@efaﬂsaaweum ca@tehlzm hb? aAgsusteiherofil e
fromthe \ 14, with the
hi gh poi n%%égét%%{cé ﬁgﬁ{:egmgg t%&g?(? ﬁgﬁocgégérjél ﬂé 1&%2%& h)%qg@a he axi al

cent er| i neentdrind 120 ofthescark,sehsecionad6 rdayﬁenmsbetondmatlylérotmmeand bott om
faces 116, 118 and the i al ter seal section 96
rmy+ ncr JagEM R faetad 1914 R Al Shleita 112 Pneiltruidhing SPocde. axia
centerl i g}ﬂoﬁlb?of tﬁé’&ﬁd éﬁcﬁﬁéttdmtfébéshﬂ 63qf18€>8|rlﬁﬂ§’ﬁ°ly ltie Qf(lat Bl@tatn% and bottom
faces 11 118. Simlarl %Qﬁt e axial distance between the toB and bottom

faces 116‘06'%’@8”%'[%@ o facast €18, 148 aﬁthQfaqlﬁ@Q&tﬁrén%éa ofhe i on 96
may decre I 10’1% radi al |
ou%ler fac@?fggp%éo%@ﬁ?téemn P%]éstéﬁ%&?éméar&%pro 5!)(aalf %’ﬂ?%gq}%r@ Ibottgm
faces 116the1a®aII)[Oﬂtel]‘aéleGlMl(aoni;lBlwtwﬁhélseaonc&avermbﬁiepf@@txmhar@t of an

annul ar sg 86 with_.a re seal section 96 having an asymretri cal,
l'inearly %ﬁmg%q ﬂ@e@Q convergi ng) axial cross-sectional height (e.g.

a2 SBRBE) LRy RS e B 4 25 e Shed BB 35 O
asymret ri &) g6lwitheREbe ddf E8ARINNES hmggarﬂjnV|ﬁfewr|?%craééua¢1 £§Qss-secti onal
hei ght (e.g., axial distance) fromthe axial centerline 2 to the radially

out er facdivarginggfxigherosgrsecienal heiaht (@8- eeial Histancep &ent V@araﬂwlymmef he

|11 ust ratfﬁﬁeg%%‘i‘m@%re defsdAon R tﬁé%x&[ ﬁ&&srmrﬁ S6ahe 36f 4 96 may be
characterized as having a substanti al ogonal .g., per pendl cular to
t he axi al sentinh &6landea hal- Ilaearlpaecabashgmmgt foenv erdireg axeaht:&:rslsrsmehdrﬁ?ﬂ) section
bet ween the ce 110 and the .ax terline and an

oot wer i WS S el dMighed it B e BB e ude S B Aa ok aa@E an 110

and the T of this cors esalfseesord 06, MdpuRpetificRIRNURY 5&ttam fddeet 1at@me ace 118
of the core seal section 96 may be characterized as having an inwardly

angl ed (0B face bt ef Gerrpre §g@ltsq9ﬁon 96 may be characterized as having a
convex profile from the radially inner face 110 to the radially outer face 114, with

the high point 122 of the convex profile occurring generally at the axial centerline



between the radially inner face 110 and the axial centerline 112 and a
substantially orthogonal (e.g., perpendicular to the axial centerline 112
and par alwel2otoa1vdse radi al centerline 120) section bet weem/ush@omazizad
centerline 112 and the radially outer face 114. As such, the axial distance
between the top and bottom faces 116, 1%18 and the radial centerline 120 of
the core seal section 96 may decrease tinearly fromthe radially inner face
110 to the axial centerline 112 and may increase linearly fromthe axial
centerling 21123 5@c, h8e ’éﬁi@! él%{a)hcetﬂeﬁheé@ﬁ% t%ﬂ)‘hnd BtohPRECE Al Bhotgank! CS. 4
through 10 il ustrate the core seal section 96 have two sections about the
axi al cerntheradigecanterline Héoaghtm corerfedt becioniImasiyncieasanony-linearbhy axi al

d | d

The 1 andhdndiE AL E6R 130 P RRELeEAng T B watiblioen "the

Irad| ally ¢om|wer< pfr@fﬁe ofL 2 tapédingl‘rmtno&d;mbby 16;11:3 8. 1Sﬁmmrlylmermyalcmﬁanceit ot her
ocations_al ong .t he top. an tt a

transiti ot?PtWﬁ %{% QPtf)QW%i rq@@%?%@n% Be r@gal Cﬁ‘te qﬁé OTH? 50, 55,

60, 65, 7re E@al é?ébtloﬁ@ﬁ rﬂQy dB¢re88&mneh- Il‘hBQrI}V ﬁf@hﬁﬂhecﬁxﬁil %Bﬁ%rlh@ 1’\@9!@) the

radially inner face 110 and the radially outer face 114. |ndeed

transiti dhg rﬁﬁ@”b@@h@f fage Hirfly cppsiatenavBhdhe Renveaxporafile aidhhe tap anttes 116, 118.
In additi rsal nbodi ments, nore than one transition nmay occur

al ong the&?torﬁ c&%bg{%t (Tﬁngf aces 116, 118, creating nore than two varying

an oxonpl 03 L BIF s fugGh Maxael bodk PSR alfhord 8ot on 0

havi ng nowigh afwre tawl sestion 86 hawmgsarsmﬁmmemlcapmnéar’lyedaﬁeamnme gl n
parti cul ar, picts an aQ[llu ar, seal core se @ section 96

havi ng a "quWQEQ'nQ/ %‘)?‘ércé%%ﬁ -$Rftioaalnelony; 9&@@%@)‘1'%%?%9 Wonal hei ght

(e. 9., axhabr AcE1a0RINd ESa deaesE@dinddd ¥ thB&al tasrhts 1‘2c oftthé cbRy e seal
sectlon 96 to a first axial datum 126 of the core seal section 96, a

subst ant i 38al geciinnsGand ariasymemelyeal sinaaryriagreaging ie.o( slivergingkR&R! di st ance)

f h ' ' 2 ial. - f I
Lo, e OSSRl gl D 7 BRI B fENEIER e core ses
Cross-s ecrladmﬂyloutmrifgm 1{£00the coxe dkalBextian©6€) Morerspebiica®cdmtheaxi al dat um

128 t th i all t 96. | th
soras” t MiuBted pmbodih it e Tla oF Beddig 538 echST BhrRaLBs ' Soction o6
may be C*’@Ta@@étéfié’cﬁéls ﬂéwh?‘é'é!ﬁ)sﬁe[htlﬁw Mhé@ﬁhaﬂ&b?%e(@rﬁﬂouléﬂtb@lﬁéﬂ ng)
section between the radi a i nner face first axial datum 126,

a subst anam%ﬂqept%mma;@%ﬁaﬂ p@éal@l to therrpdiabiceniedine@0) ﬁ@thanQQ’fwéﬁﬂ e dat um
126 and trléﬂla?lg‘ﬁ%b‘i’ taed & ogﬁﬁj"ﬂﬁé 128 ﬁé}ﬂeﬁ%w%‘%n&%ﬁ BEﬁva{rE}‘@ grline
e se on ax

120) section between th IrTst axla atum 1 af”’ dat um
128, and diverghey) sedtiavabetiveeariné adia( eergerlindi Meragidniye radiatly ontebédoseen t he

second ax' at um 128 a r.adi aI er, . face 114 ecifically,
SheCns ol B Hah BT Rl BetBoR e i B S Se i s R TF e Thal &
centerlings éﬁ&a@ﬁerut@@ashavmr@ inaatdlp enicanep, dorverding)eetohi nearly from
the radially inner face 110 to the first axial datum 126, may be

substant|QﬁW?%(UF%Ea&‘ﬁ”Yf'%@ﬁfﬁﬁ%1ﬁpr3§€' thg pxial gentarineld 2:aid de” second axi al
dat um 1283u@f541h?§%’gh@§%@r@?e.b!,’b%%éﬁﬂlémé’r%ttl'i‘@a§‘°aF8§Pqeﬁ%bail12d§Ho“m to the

radially outer
parallel to the radial centerline 120) section between the axial centerline 112 and

the radially outer face 114. As such, the axial distance between the top and
bottom faces 116, 118 and the radial centerline 120 of the core seal section 96
may decrease linearly from the radially inner face 110 to the axial centerline 112
and may increase linearly from the axial centerline 112 to the radially outer face
114.



[0044]FIG 12 illustrates another exenplary enbodi mrent of an annul ar seal
86 with a core seal section 96 having nore than two varying cross-sectional
profil e swotzowma09sBn particular, FIG 12 depicts an anneCaruss@alo2e889with a
core seal section 96 having a linearly decreasing (e.g., converging) axial
cross-sectional height (e.g., axial diétance) fromthe radially inner face
110 of the core seal section 96 to the first axial datum 126 of the core
seal section 96, a linearly increasing (e.g., diverging) axial

cross-secjopadpl RRh&IYN F@asﬁ-ﬂh@éfuiggﬂ1@'il@%ﬁ‘&t@%efcb%%éél%e_f:iiér%Gﬁéi/@' dat um
126 to the second axial datum 128 of the core seal section 96, and a

| i near |y ocsastionsgboet.the axgbaerietineg) 1 2akheaaxial eanseriee il 2 mzay aeilght (e. g.,
axial dis . i 8 radi al uter face
11a ot 1 g BEF e e QUL BNG RO Ay bR bR il 16" and
the top Qfmteislthi& tgénsﬁtlw tmmweeaeabt_icaﬁgnfitb@ cOfe wsbetiorh%h aem/w;@nztleld as having
an | nwar .angl e e. conver g) sectlo etween the radially I nner
face 110 HATY Rt (o PipES ML RIS dRCO N daiak Sooahel sl e g,

di ver gi ngbcétﬂﬁs'a%h%ﬁe%ﬁ'hnﬁ%tlfo'rﬁ flcedXitgl 1 fiait par dm@Bda tragsiggsond axi al
datum 128, and another inwardly angled églgo conver gi n%)§4sect| on between

e )

t he secondayereur & peiu28 k8, 2623 &6 At 8P, $2.c’0, £54 70 V67,80,

specific i i t 116, 118
ShaC the: 209 b SsRithe SdbRACEDE LRI BE HABIAPRCh Rt id Affhel 10

| i near |y radtly theerifack &14.y Indeedr tramsigorklifay octireatfanygioirbdleng thattom 126, may
increase linearly.fromt irst ial. dat.um 12 .0 the secqond axi al datum
108 Cand andSatanf e e T1b) [P hodiibsin AR S Badhents misehdn Aie Chal al Iy
out er f acgarklibn MAPHBLINAERS Bictiopamd bdtten fesd 16N 1 b Greatind Mopugh 12, the

specific cross- sectional geometries of the core seal section 96 nay vary
bet ween RBBAVEVAIKNT FIORBwEELiONal Prefile saetiafgbodi nents il lustrated are
characterized by substantially non-orthogonal (e.g., not substantially
paral | el [0848he Fadinglancent &r.[MiTnbustetgs aogxamglasyenhodimeriofl 806, 118. As

such, as }| t I : I Faxial 15 applied
to the toépl)Man %e%! ?gnﬁ'?‘a{@% gi Sﬁ@tntgé ﬁ%’éﬁé(ﬁogég@a lQ@e\(/: ?lgﬁ Cé%éfsthe core
seal sectgantiof&l prefjiceseptions. rlagaadicujanri® el t tepitisraraachutart deaB6 adsa 116, 118
are forced into a sub ntially orthogonal (e.g., substantially parallel to
the rad Ao SRELISIAB SBIP LA RGO Iee Sk SRR AXBbBPSS0 and t he

| over i nnedctiBRahelght (8. [dD@al GRstan &S Mons B gl bnrorRacei$10 aflingl dore a radi al
force Fradial is gradually created between the outer body 88 and the upper

i nner booﬁﬁ@@?dtqrb%ﬁ I%@fiéﬁté‘éi@l dglendet of ﬁ@s@%é@ﬁ'e’iﬁc'ﬂm@ 68Whi l e the
i nventio - i hl: var A ifd.cat i ; I ive
for . opuiBRfariie 7 KGARN A dGeo/ e, e (6RF aRamiafod o R |
dr awi ngs fastahadatbmer26descsédoad dxial datam 1 2Bef dhacordmeal sectiont96 laad| d be
under st ood,.t hat .t he i.nvgnti on is. ns)t i nt ended imted to, the

: 0 |
part 1 cul ot I nEeeRigRs Sur st e areioie read e fu e |°
nodi fi catdigance st \té 68ehd 808l dlilier 1288 toRs radially a@enidcli N 4tdiahgpirit and
scope of the invention as defined by the foll ow n% appended cl aj ns.
core seal section 96. In other words, the bottom face 116 and the top face 118 of
the core seal section 96 may be characterized as having an outwardly angled
(e.g., diverging) section between the radially inner face 110 and the first axial
datum 126, a substantially orthogonal (e.g., perpendicular to the first axial datum
126 and the second axial datum 128 and parallel to the radial centerline 120)
section between the first axial datum 126 and the second axial datum 128, and
another outwardly angled (e.g., diverging) section between the second axial
datum 128 and the radially outer face 114. More specifically, the axial distance

between the top and bottom faces 116, 118 and the radial centerline 120 of the



19 CLAIM5 1. An annul ar seal, conprising: a top seal section; a bottom
seal section; and a core seal section conprising non-orthogonal top

and bot t oNDR2aed095@] ati ve to a radi al

di sposed
the core

Is applied to the top and bottom face

axis of the core PEAIUSIEHONR43R9

bet ween the top seal section and the bottom seal section, wherein

seal section is configured tg,expand radially when an axia
i7of the core seal section suc

the top and bottom faces are deforned into an orthogonal alignnent

to the radialseardcttioh %hﬁafﬁfc?ea?s%ﬂne‘éﬂ?tfr‘o?rﬂthe r%dlaTP‘?nr@?'FéH@’H@Rﬁt'heOf claim

1, wherei

n the top and om seal sec

| | oad
h that
relative

lons are cohfigured to urge the top

and bot t dirst @G@lsdabtﬂmﬂh"@ mﬁyebeswst@mitedlv@ﬁn$taﬂbfr@mdh©ﬁltﬂi@g@hdﬁtm ilg@nent .

i al o 00nd EebRl afl B2, At T4 PatctBedficdny Biin.Fa0Rie AR

radially

dattertoftae eadially. otbefagariudar seal of claim 3, \/\herel nthe c

section conprises a substantially constant axial cross-sectional he
from t he joadapl | ¥iG.neEilusteates bnoier axémplatatmodimértef @aranseflseaect i on and

a linearl
t he radi

i ncreasing axial cross-sectional hei %ht fromthe axial d
§ it B@@rre]sgglesectlon 96 having more than two varying cross-sectional

profile sections. In particular, FIG. 12 depicts an annular seal 86 with a core seal
section 96 having a linearly decreasing (e.g., converging) axial cross-sectional
height (e.g., axial distance) from the radially inner face 110 of the core seal
section 96 to the first axial datum 126 of the core seal section 96, a linearly
increasing (e.g., diverging) axial cross-sectional height (e.g., axial distance) from
the first axial datum 126 to the second axial datum 128 of the core seal section
96, and a linearly decreasing (e.g., converging) axial cross-sectional height (e.g.,
axial distance) from the second axial datum 128 to the radially outer face 114 of
the core seal section 96. In other words, the bottom face 116 and the top face
118 of the core seal section 96 may be characterized as having an inwardly
angled (e.g., converging) section between the radially inner face 110 and the first
axial datum 126, an outwardly angled (e.g., diverging) section between the first
axial datum 126 and the second axial datum 128, and another inwardly angled
(e.g., converging) section between the second axial datum 128 and the radially
outer face 114. More specifically, the axial distance between the top and bottom
faces 116, 118 and the radial centerline 120 of the core seal section 96 may
decrease linearly from the radially inner face 110 to the first axial datum 126,
may increase linearly from the first axial datum 126 to the second axial datum
128, and may decrease linearly from the second axial datum to the radially outer
face 114.

[0045] Therefore, as illustrated in FIGS. 3 through 12, the specific cross-

i ses an
eto a
ore seal
i ght

atumto

sectional geometries of the core seal section 96 may vary between embodiments.

However, all of the embodiments illustrated are characterized by substantially
non-orthogonal (e.g., not substantially parallel to the radial centerline 120) top
and bottom faces 116, 118. As such, as illustrated in FIG. 3B, as the axial force



5. The annul ar seal of claim3, wherein the core seal section conprises a

| inearly decreasing axial cross-sectional height fromthe radially inner
face to amoawicailoghat um of the core seal section and a s®OTESBRE10ARYIP9
constant axial cross-sectional height fromthe axial datumto the radially
outer face. 20 6. The annul ar seal ?% claim5, wherein the top face is
substantially orthogonal relative to e radial axis of the core seal
section between the radially inner face and the axial datum and outwardly
angl ed belfa‘Q{a%‘?é‘abﬂ%d%'tﬁé 1GPAMITL A G £ Ao Bbrd aep sagbridie. bott om
face is inwardly I'ed between the radially inner face and the axial datum
and substﬂiﬁtqoae s@almeph@gaﬁmayr expandvediady winde thaeitapl am(b@ttqm fa¢e§ Ttidre seal

section I The

annul ar sea %F‘{é%l'ﬁfé’fls\/\%%@ﬁ”?t chtoggnéla(gglé%gg#ﬁ@ Iy@ %tgetgea l'inearly
i ncr easi ngtdm?kbelhtedmm&)shap@batwdfm mbtudpeomnbhbodwéoalnbyhe foveer f ace to an

axial datumof th e seal se d |nearl decre xi al

o bas- sadineradn S ot T Gkeial sesar Tehancs Tarialy. uredia Jo8e Fasst hoe. 8.
The annular récﬁ?&lly%?eé%b@'b@tv@eeﬁ"ﬂﬁ@rcﬁ}té‘r Bdb%‘/ SPARI BRA @?%rﬁé?fbo@?@@“ ses a

l'i nearly decrea5|ng axi al cross-sectional height fron1the radlally i nner

face to aticatingd sgakhaiweentimesedetdeseal section and a linearly increasing
axial cross-sectional height fromthe axial datumto the radially outer
face. 9.[00A6] anM\(hilerthe balention o1ayi b Sysoshiibleita varieus modificationsard i on

Cadral 1y P oRRE o A TR RV, e P PR BBl b o™

non- | i neathb;drﬁwmgemdﬁmwh&h dososised ecdatainhbrehei gbveleginghoaldexe al dat um

to the radi er face. The annul ar seal o erein the
core searnsstbeR fidhins To@atan Reliniaadrd i beddsd o eiarvilar B885cect | onal
hei ght frqsabsey.r agiret | e ifelioh R éd?/eﬂﬁll%d?ﬂcaﬂéhél@dhﬁvéé]ﬂscéﬁ seal
section and a non-linearly decreasing axial cross-sectional height fromthe
axi al datallarnaivesdaliiagwithinthespiit ahdseope i thetineeniinnasdefings b}b €cl aim 3,
wherein t n conprises a linearly increasing axial

Cross- secﬁaﬁ%\&]g]peaf@gﬁh?&?%o%gt he radially inner face to a first axial datum
of the core seal section, a substantially constant axial cross-



21 sectional height fromthe first axial datumto a second axial datum of
the core seal section, and a linearly increasing axial cross-sectional

hei ght frwm2oteerisséond axi al datumto the radially outePClraseo10/02439 The
annul ar seal of claim 3, wherein the core seal section conprises a linearly
decreasi ng axi al cross-sectional hei g@% fromthe radially inner face to a
first axial datum of the core seal section, a linearly increasing axial
cross-sectional height fromthe first axial datumto a second axial datum
of the core seal section, and a linearly decreasing axial cross-sectional
hei ght frég h\a second axial datumto the radially outer face. 13. The
annul ar sehf claim1, wherein the core seal section is conprised of an

el astomerqor rAbBRRuIERSS] @mpristdg: A seal ing system conprising: an
annul ar seal conprising a core seal section having non-orthogonal top and

bottom faces r&loptdepesedion;radi al axis of the core seal section while in a
non- def orned s o) top and bottom faces relative to the

radi al axis ofep?@gorﬁgrggpéséeégﬁ%ec ion while in a deforned shape caused by an
axi al | oad apm ceé deal sétionanapridinyphoroorthegeasl topglénd Bokoradatesng syst em of

claim 14, .erefintg.e annul.gr seal is configured jpo expand radially in the
def or med TElalNE 1o fgadisaxis ok fhe core sepbsraion AT e PeiesmINePRGEan 1 adi al |y
i nner bodygctign apditAd bittemtRial Beshion, dhereih id YordrRar s&dviis abkigured

to expand radially when an axial load is applied to the top and bottom faces of
the core seal section such that the top and bottom faces are deformed into an
orthogonal alignment relative to the radial axis of the core seal section.

2. The annular seal of claim 1, wherein the top and bottom seal sections are
configured to urge the top and bottom faces of the core seal section into the
orthogonal alignment.

3. The annular seal of claim 1, wherein the core seal section comprises an
axial cross-sectional height which varies from a radially inner face to a radially

outer face.

4. The annular seal of claim 3, wherein the core seal section comprises a
substantially constant axial cross-sectional height from the radially inner face to
an axial datum of the core seal section and a linearly increasing axial cross-
sectional height from the axial datum to the radially outer face.

5. The annular seal of claim 3, wherein the core seal section comprises a
linearly decreasing axial cross-sectional height from the radially inner face to an
axial datum of the core seal section and a substantially constant axial cross-
sectional height from the axial datum to the radially outer face.



an axially |ower body; 22 wherein the annul ar seal is disposed
between the radially inner body, radially outer body, axially upper body,
and axi alwg 20ovE09sBody and the axial load is applied frecTiuseoiaoeaBdy upper
body and the axially |lower body. 17. The sealing system of claim 16,
wherein the annul ar seal forns a seal @gainst ort hogonal faces of the
radially inner body, radially outer bg y, axially upper body, and axially

| ower body when in the deformed shape caused by the axial load. 18. The

seal i ng systemiy agddhraekd of &Yﬁgﬁ 8l Whbftn Wﬂék)g%cé%aéub%tﬁﬁﬁéh)?es top and

bottom seal sections configured to urge the and bottomTaces of the

cor e seal ordmgonahrelaitve to e thsiaraxisdofdhapere sad segtigrebeivgendbenpadislivng:

rorati ve TRCNePRAN e 3FR! At 8% RS0 caERRe bRl BE sl Affl TG,

body, a raw thel radially euterdaye amatrexiaitdny fagede inveardly, argiel batwaenahéy | ower

body in a | I head;, and appl yin n axial force fromthe axially upper
body and RHEIGEE 1559 Shmeinami b iasd s petanabepRBrg R e 8t KePsnmul
seal , respaE byllof the astel Jta 58QicANIEvaEN BRAhxiAIIAYPeIHY thadthalhlly oafedl the top
and bottom faces to be defornmed into a substantially orthogonal alignnent

rel ative f@6ethe radial axis of the annular seal. 20. The nmethod of claim
19, wherein the radial expansion of the annular seal creates a seal between
the radially inner body and the radially outer body.

7. The annular seal of claim 3, wherein the core seal section comprises a

linearly increasing axial cross-sectional height from the radially inner face to an
axial datum of the core seal section and a linearly decreasing axial cross-
sectional height from the axial datum to the radially outer face.

8. The annular seal of claim 3, wherein the core seal section comprises a
linearly decreasing axial cross-sectional height from the radially inner face to an
axial datum of the core seal section and a linearly increasing axial cross-

sectional height from the axial datum to the radially outer face.

9. The annular seal of claim 3, wherein the core seal section comprises a
non-linearly decreasing axial cross-sectional height from the radially inner face to
an axial datum of the core seal section and a non-linearly increasing axial cross-
sectional height from the axial datum to the radially outer face.

10.  The annular seal of claim 3, wherein the core seal section comprises a
non-linearly increasing axial cross-sectional height from the radially inner face to
an axial datum of the core seal section and a non-linearly decreasing axial cross-
sectional height from the axial datum to the radially outer face.

11.  The annular seal of claim 3, wherein the core seal section comprises a
linearly increasing axial cross-sectional height from the radially inner face to a
first axial datum of the core seal section, a substantially constant axial cross-



21. A system conprising: an annul ar seal configured to nount between
t ubul ar conponents of a mneral extraction system wherein the annul ar seal
conpri seswoaofo/mnees3l ayer; a second | ayer; and 23 RCTAISR010i034306% ed
axially between the first and second | ayers, wherein the core is made of a
material softer than the first and se?Qnd | ayers, and the first and/or
second | ayers are configured to axialfy conpress and radi ally expand under
an axial load to cause radial expansion of the core. 22. The system of

claim 211séMﬂ8h§'Hhér‘iﬁrd‘rh ﬂ"ﬁ'ta fur%f‘Qthfda?GﬁHBcé $EHRE P RN Bf BHROGREN | s whi ch
are angl ed and/or Turved | east partially non-orthogonal to the axial
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conpri se 24. The system of claim 21,
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wherein t I'rs conpri se angl ed surfaces having an
angl e at Ieast greater than about 10 degrees relative to a radial direction

of the ra _ﬁ}epanm on, F t he an ur f aces Fxtend al ong at | east
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linearly decreasing axial cross-sectional height from the radially inner face to a
first axial datum of the core seal section, a linearly increasing axial cross-
sectional height from the first axial datum to a second axial datum of the core
seal section, and a linearly decreasing axial cross-sectional height from the
second axial datum to the radially outer face.

13.  The annular seal of claim 1, wherein the core seal section is comprised of

an elastomer or rubber material.

14. A sealing system, comprising:

an annular seal comprising a core seal section having non-orthogonal top
and bottom faces relative to a radial axis of the core seal section while in a non-
deformed shape and orthogonal top and bottom faces relative to the radial axis of
the core seal section while in a deformed shape caused by an axial load applied
to the top and bottom faces.

15.  The sealing system of claim 14, wherein the annular seal is configured to
expand radially in the deformed shape.

16.  The sealing system of claim 14, comprising:
a radially inner body;
a radially outer body;
an axially upper body; and
an axially lower body;



25. The systemof claim 21, wherein the first and/or second | ayers conprise
zi gzaggi ng surfaces. 26. The systemof claim2l, wherein the first and/or

second | ayensicnessonfi gured to radially expand by at | eatusabione43s9 per cent
of a radial width of the annular seal in response to the axial conpression

caused by the axial | oad. 50

wherein the annular seal is disposed between the radially inner body,
radially outer body, axially upper body, and axially lower body and the axial load
is applied from the axially upper body and the axially lower body.

17.  The sealing system of claim 16, wherein the annular seal forms a seal
against orthogonal faces of the radially inner body, radially outer body, axially
upper body, and axially lower body when in the deformed shape caused by the
axial load.

18.  The sealing system of claim 14, wherein the annular seal comprises top
and bottom seal sections configured to urge the top and bottom faces of the core
seal section into the deformed shape.

19. A method, comprising:

installing an annular seal having non-orthogonal top and bottom faces
relative to a radial axis of the annular seal between a radially inner body, a
radially outer body, an axially upper body, and an axially lower body in a
wellhead; and

applying an axial force from the axially upper body and the axially lower
body to the top and bottom face of the annular seal, respectively, causing the
annular seal to expand radially and the top and bottom faces to be deformed into
a substantially orthogonal alignment relative to the radial axis of the annular seal.

20.  The method of claim 19, wherein the radial expansion of the annular seal
creates a seal between the radially inner body and the radially outer body.

21. A system, comprising:

an annular seal configured to mount between tubular components of a
mineral extraction system, wherein the annular seal comprises:

a first layer;

a second layer; and
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a core disposed axially between the first and second layers, wherein the
core is made of a material softer than the first and second layers, and the first
and/or second layers are configured to axially compress and radially expand

under an axial load to cause radial expansion of the core.

22.  The system of claim 21, wherein the first and/or second layers comprise
geometries which are angled and/or curved at least partially non-orthogonal to
the axial load.

23.  The system of claim 21, wherein the first and/or second layers comprise

convex and/or concave surfaces.

24.  The system of claim 21, wherein the first and/or second layers comprise
angled surfaces having an angle at least greater than about 10 degrees relative
to a radial direction of the radial expansion, and the angled surfaces extend
along at least about 10 percent of a radial width of the annular seal.

25.  The system of claim 21, wherein the first and/or second layers comprise
zigzagging surfaces.

26.  The system of claim 21, wherein the first and/or second layers are
configured to radially expand by at least about 5 percent of a radial width of the
annular seal in response to the axial compression caused by the axial load.



