1 MULTI-ELASTOMER SEAL CROSS REFERENCE TO RELATED APPLICATION
[0001]This application claims priority to U.S. Provisional Patent Application No. 60/972,049, entitled
"Multi-Elastomer Seal", filed on September 13, 2007, which is herein incorporated by reference in its
entirety. FIELD OF THE INVENTION [0002] This invention relates to seals within a fluid system. More
particularly, the present invention relates to an elastomeric seal suitable for use in the harsh
environment, temperatures, and pressures of mineral extraction systems, for example.
BACKGROUND
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[0001] This application claims priority to U.S. Provisional Patent
Application No. 60/972,049, entitled "Multi-Elastomer Seal", filed on September
13, 2007, which is herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] This invention relates to seals within a fluid system. More particularly, the
present invention relates to an elastomeric seal suitable for use in the harsh
environment, temperatures, and pressures of mineral extraction systems, for

example.
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 mineral extraction systems (e.g. oil and gas) 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 (e.g., subsea) wellhead, which can make
access and repair difficult and expensive. In mineral extraction applications,

seals are typically constructed of a metal or an elastomer. Metal seals provide



[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, argl not as admissions of prior art. [0004] Fluid
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying figures in which like characters represent like

parts throughout the figures, wherein:

[0006] FIG. 1 is a block diagram of a multi-elastomer seal disposed in a fluid

system, in accordance with embodiments of the present technique;

[0007] FIG. 2 is a partial cross-section of an exemplary embodiment of the multi-

elastomer seal of FIG. 1;

[0008] FIG. 3 is a plot of stiffness versus temperature for two elastomers used to

form the multi-elastomer seal; and

[0009] FIGS. 4-23 are partial cross-sections of alternate exemplary embodiments

of the multi-elastomer annular seal of FIG. 1.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS



[0006] FIG. 1 is a block diagram of a multi-elastomer seal disposed in a fluid system, in accordance
with embodiments of the present technique; [0007] FIG. 2 is a partial cross-section of an exemplary
embodiment of the multielastomer seal of FIG. 1; [0008] FIG. 3 is a plot of stiffness versus temperature
for two elastomers used to form the multi-elastomer seal; and [0009] FIGS. 4-23 are patrtial
cross-sections of alternate exemplary embodimentg of the multi-elastomer annular seal of FIG. 1.

DETAILED IPTION OF SPECIEIC EMBODIMENT
E)%%i%ne or more specﬁljc embodFr)nents o?

t?F]e 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
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers' specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might 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.

[0011] 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 convenience, but

does not require any particular orientation of the components.

[0012] FIG. 1 is a partial cross-sectional view of an embodiment of a fluid
system 10 having one or more seals 12 between an inner body 14 and an outer
body 16. In certain embodiments, the fluid system 10 includes a mineral
extraction system for the extraction of subterranean natural resources, such as
oil and gas. For example, in the illustrated embodiment, the outer body 16
includes a wellhead 18 coupled to a mineral deposit 20 via a well 22. The inner
body 14 includes a hanger 24 disposed in a wellhead bore 26 and supported by
the wellhead 18, for example. It will be appreciated that in the case of mineral
extraction systems, the inner and outer bodies 14 and 16 may include any
number of components, such as Christmas trees, casing hangers, casing heads,
casing strings, tubing hangers, tubing heads, tubing strings, running tools,



[0010] 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
development of any such actual implementation, astin any engineering or design project, numerous
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components 12]FIG. 1 is a partial cross-sectional view of an embodiment of a fluid system 10
having one or more seals 12 between an inner body 14 and an outer body 16. In certain embodiments,
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into a single body. The illustrated seal 12 includes a combination of an outer
elastomer and an inner elastomer formed into a homogeneous body (e.g., single
common/solid body). In certain embodiments, the outer elastomer includes a
hard material, and the internal elastomer includes a relatively soft material, or
vice-versa. The hard outer elastomer possesses properties that are conducive to
sealing in high-pressure and high-temperature environments, and the inner
elastomer possesses properties that are conducive to sealing in high-pressure
and low-temperature environments. Accordingly, in certain embodiments, the
outer elastomer is used for sealing, protecting, and isolating the inner elastomer
from high-pressure media in high-temperature environments, and the inner
elastomer is used for sealing at high temperatures and/or when the
environmental temperatures are below effective sealing temperatures of the
outer elastomer. In other words, the seal 12 includes a first material or property
that is effective to seal mutually exclusively without the second material or
property in certain conditions, while the second material or property is effective to
seal mutually exclusively without the first material or property in other conditions.
Thus, the embodiments of the seal 12 described in detail below are particularly
well suited for use in a wide range of temperatures (e.g., high and low

temperatures) and chemical environments.



4 blowout preventers, valves, flanges, and the like. In mineral extraction and similar systems, the seal
12 may be used with working pressures including 137 895 146 pascal (Pa) [20,000 pounds per square
inch (psi)]. In other words, in certain embodiments, the seal 12 may be used to isolate regions of
gasses or fluids with pressure differentials across the seal 12 of 103 421 360 pascal (Pa) [15,000 psi]
or greater. Further, the operating environment of sugh systems may include temperatures ranging from

-46 degrees Celcijus (C) [-5QF] to 177C [350F]. [0013]As discussed .in further detail beloy,
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environmen{805]0014]FI a2 ihnsinkte seat romsHgectingl thevsedlamhZieggrterally set by a
radial load that compresses or expands the seal into contact with complementary
sealing surfaces (e.g., inner and outer bodies 14 and 16). For example, the inner
body 14 may include a section with a smaller diameter, a section with a larger
diameter, and a tapered section between the two sections. Thus, urging the seal
12 onto the inner body 14 and over the tapered section from the small diameter
section to the large diameter section provides an axial loading that biases the
seal 12 outward and compresses the seal 12 against the outer body 16. Similarly,
a taper on the outer body 16 may provide a compressive load on a seal 12 to
generate an inward radial loading that compresses the seal 12 against the inner
body 14. In general, the top face 60 and the bottom face 62 generally do not seal
with a complementary surface. However, in a packer arrangement, the top face
60 and the bottom face 62 may generally be used as locations to apply loads to
seat, set, and/or lock the seal 12 in place. In other words, the top and bottom
faces 60 and 62 may experience axial loads to push the seal 12 into position, to
compress the seal 12 such that it expands radially between the inner body 14
and the outer body 16, and to hold the seal 12 in place. For example, a tool may
be forced against the top face 60 until the bottom face 62 contacts a surface
and/or another tool, and to load the top face 60 in a direction parallel to the

longitudinal axis 64 to compress the seal 12, causing the seal 12 to expand



embodiment of the seal 12. The illustrated embodiment includes the annular seal 12 having a body 50,
a first elastomer portion 52, a second elastomer portion 54, an inner face 56, an outer face 58, a top
face 60, a bottom face 62, and a longitudinal axis 64. As will be appreciated, the body 50 of the
annular (e.g., radial) seal 12 includes a ring-like member centered about the longitudinal axis 64. The
inner face 56 includes the innermost diameter of thg body 50 that generally interfaces with (e.g.,

contacts) the inner b'Pdé/ 14 The outer face 58 includes the face of the sc?al 12 %a the % termost
diameter of 'Eﬂg' Q fﬁgfﬂe?mrﬂ?%m&§%?n%@9@6rﬂg tgjr{ﬁ% gtter 8’{/“1 . A:[&ordingly,
the inner fadsds6 ayulrtsie theteyfacedatiprogidend fibiel feabbtugensheatingradhlid 2saat the inner
body 14 and?t e outer,body 16, respectively. [0015]In an annular seal configuratjon, the seal 12 is
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two sections. Thus, urging the seal 12 onto the inner body 14 and over the tapered section from the
small diameter section to the large diameter section provides an axial loading that biases the seal 12
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top face 60 yntil the .bottorgell;gce 62 contaits a surface and/or another tool, and,to Ioa)? 8thﬁ top face 60
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expansion aanljntersyphedhsairdabe) fithid seal.ifoetsfEhamapitiohids theeseamd ¢ecyggaberseat interface)
that engageacm%ns at each location where the seal 12 contacts the complementary surface.
Further, the seal 12 may include a plurality of interruptions along its sealing
surface. For example, the seal 12 may include one ore more bumps, protrusions,
indentations, recesses, or similar features. Accordingly, where the
complementary surface does not conform to the contour of the seal 12, the seal
interface may include one or more engagement portions at each of the location
where the seal 12 contacts the complementary surface. Further, each of the seal
engagement portions may include the same or even different types of materials
depending on the composition and arrangement of the materials used to form the

seal 12.

[0017] In the illustrated embodiment, the seal 12 includes the body 50
having the first elastomer portion 52 flanking the second elastomer portion 54.
The body 50 includes the first elastomer portion 52 having a generally
rectangular shape (e.g., cross-sectional profile) and the nested second elastomer
portion 54. In one embodiment, nested refers to a set of items or parts forming a
hierarchical structure with larger parts (e.g., the first elastomer portion 52)
enclosing smaller ones (e.g., the second elastomer portion 54). The second



complementary surfaces (e.g., the inner body 14 and the outer body 16) may be may include a variety
of shapes and configurations. For example, the seal interface may include a continuous surface that is
formed from one or more materials. In an embodiment wherein the complementary sealing surface
generally conforms to the contour of the seal 12 (e.g., a relatively flat surface), the sealing interface
may include a single engagement portion that exterrds across a surface of the seal 12. In an
embodiment where the complementary surface includes a syrfgce that does nqt conform to a surface
of the seal EIAUYein ARFATpRd CIFAES, e QUEY IREFRAED FISS AIBRIAE &R BER e & lgagement
portions at esheihiferatioowberg thittgethicl 3utentzels & anthpleineriagesonthedastortizersthe seal 12
may include_a plurality of interruptio Q&on its sealing surface. Fqr example, the seal.12 may include
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complementary surface. Further, each of the seal engagement portions may include the same or even
different typesiomeaie igiige peAding utetheatompsdiapacriieasHepivrnvih tieemagsnar used to
form the seali12.10B1 A e stratRd FaBbAMRS o ther Saeb BanIudes e Bor 50 BaYiNg the fist
elastomer portion 52 flanking the second elastomer portion 54. The body 50 includes the first
elastomer pm&ﬁ)@? %ving a generally rectangular shape (e.g., cross-sectional profile) and the
nested second elastomer portion 54. In one embodiment, nested refers to a set of items or parts
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embodiment includes only one of the second elastomer portions 54. For exam embodiment
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For example, in one embodiment, the outer soft elastomer 66 includes a
generally rectangular shape (e.g., a profile similar to those depicted) and the
inner soft elastomer 68 has a semi-circular shape, or vice-versa. Further,
embodiments include the first elastomer portion 52 and/or the second elastomer
portion 54 including indentations and protrusions (e.g., bumps) that extend

radially from the faces 56 and 58 the seal 12. Embodiments including the varied



8 cross-sectional geometry of the seal 12 are discussed in further detail below with regard to FIGS.
4-23. [0019]The first elastomer portion 52 and the second elastomer portion 54 include different
materials that work cooperatively to provide the desired fluid seal in a range of environments. In one
embodiment, the seal 12 includes a first elastomer portion 52 formed from a hard elastomer that is
resistant to corrosive attacks and conducive to usegn high-temperature environments, and includes a

second elastomer portion 54 conducive to sealing in low-temperature environments, Thus, the seal 12
ay effectivi s GURI BFORUEY H1Ro P AR G L e RO BBEIRA 11 single

elastomer sesgaFdteki@Hld-28 high temperatures, the hard first elastomer portion 52 is conducive to
sealing between the inner and outer faces 56 and 58 of the seal 12, and the inner and outer bodies 14

and 16, res ively. Accordingly, in embodiments ingluding,the first elastomer portion 52_flanking
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sealing temperature o  first elastomer portion er second elastomer portion 54 maintains
the desired glagteadrmeerieendAdarmed drmmaiderdcelasiormed Baiomsttiesiiani 20 £eaese/tner and

outer bodies; 4 RAchhG, (SRRREHNEH HSE SXRIBR S AbMHREIBRRAMRTARS BAERIdses/astomer

portion 52 may not provide an effective fluid seal and, thus, expose the softer second elastomer
portion 54 tGPREhVIERHRINENInAAHIAY thetsetdRgUeMbetatuiealingsdlirel ANdRBRBEN Bhemicals
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leathery/rubbery state and conforms to the sealing surfaces (e.g., inner body 14 and outer body 16).

Further, it wif BRSIBHHRS @ HRIESSISRE r BSmpRmRared, {Re trdinols QRTINS S5\ chERical) attack
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higher tempanaturgsr Bodies 14 and 16, respectively. Accordingly, in embodiments including
the first elastomer portion 52 flanking (e.g., surrounding) the second elastomer
portion 54, as discussed with regard to FIG. 2, the first elastomer portion 52
effectively prevents corrosive fluids and/or high temperature and pressure fluids
from engaging the second elastomer portion 54. At low temperatures (e.g., those
below the effective sealing temperature of the first elastomer portion 52), the
softer second elastomer portion 54 maintains the desired fluid seal between the
inner and outer faces 56 and 58 of the seal 12, and the inner and outer bodies 14
and 16, respectively. For example, at low temperatures, the harder first
elastomer portion 52 may not provide an effective fluid seal and, thus, expose the
softer second elastomer portion 54 to the environment, including the sealing
temperatures, pressure and corrosive chemicals proximate to the seal 12.
However, at reduced temperatures, the softer elastomer maintains its
leathery/rubbery state and conforms to the sealing surfaces (e.g., inner body 14
and outer body 16). Further, it will be appreciated that at lower temperatures, the
threat of corrosive (e.g., chemical) attack on elastomers is reduced, thus, making
the soft elastomer suitable for sealing the corrosive low temperature environment.
Accordingly, at low temperatures, the soft second elastomer portion 54 can
provide the desired fluid seal, and the hard first elastomer portion 52 can provide

the fluid seal at higher temperatures.



[0020] The combination of the harder first elastomer portion 52 and the softer second elastomer
portion 54 may enable the seal 12 to maintain a fluid seal during rapid pressure fluctuations. For
example, the seal 12 may be resistant to failures associated with explosive decompression. Explosive
decompression (ED) refers to a sudden marked drop in the pressure of a system, associated with
explosive violence. The pressure drop may occur oger several minutes, and in an extreme case may
occur in less th 1 seconds. Generally ED results from some sort of material fatigue gr engineering
e, cavaMOED DA R &) 2RGSO B Ao A o Boshe)
high-pressuses@sseitactaneniperdbexdractian sysiblasid)saw d2steptbliatrexpldsiveseal
decompressi%rrll.n Forr exam le a baroys %Ig%or,perr 8;‘( tfpr? ?eatlﬁelz can Becom sz%tuga,[terc]jtwci)th
high-pressuge ga%e%!oana | ?ﬁ% é)re SUIR" A %ae M8t Fis suasaeenly rerfé%eg, then the Exases within
the elastoméailuszsah$2ociaiedxpiinc xpddsntly deaosipydsissoerifopiosivel asoorptessmatédrial).
Embodime I [ ing the first e t(m]%r ti i stomer
portion 54,?@%%&&2&?{%%?@%%5 %ﬁﬁé‘écﬁg kcﬂﬁexp os%@/gédgﬂ(?rr%yr%%ﬁg% n c‘?}%{%&m odiment, the
first elastorr@xestienvillertsctiMedyPseass D seap M elastodh SeperabmbutRenaieeiz@rounding
high pressugs/grtheswors, 1R KSR ASIeMRL P ioaRD Ages@eh il Que iP ER AGd dvs, protects

the softer (e.g., porous) second elastomer portion 54 from the rapid drop in pressure associated with

ED. The resP@ecaaront BIBRIN daligssnaraagipAaHNartaiEs. R HHABL AP IS RS PBrmeability,

and increasgd JiRRIEAR FeSiRREAY Biedial AlasPRersViteERsAOGhIRiIgROMIER SiFsideds@iexample,
the lower permeability of the hard elastomer grevents the elastomer from_becoming saturated with a

significant afRGuinfreRhHesadiRe SleRSchPAiREHSURAARY 20 IR RIS IR SRFARINNEF I 52 may

isolate the seeprYas®MepHpRslieNdrkstrneinet raRidseannNge iBdrasstsmd waheatedeniththe first
elastomer pprtion 52 fails due to ED tE(% second elastomcfr%ortion 5 ma:)é n! %%ﬂave bec%(rg;e saturated
‘Hr t 5

with a high-praSSIESEAS HRSES 1A Ard R RIS RY BRSPS DT KaRTRY 'th ¥ EI5485%r portion 54
from high préssutbevgrsite pithod frecedsigradicT bes, decamprespandoiibiesilyyocading

the second LG bR e S G e b B ey clow
10 the sequéirstea@isioorgnpresaion Sardlaniing fhiturgeobtitk skEsitdPelupentieD. 34, otiep words, if there

is a failure i i I enpoui 2 of t r dro ri : e second
elastomer p rrt'tgil\c??} 46§%§/}E&e%re§%c%%%e%tl?ﬁéﬁ%géi(?r?g? {Jﬁlﬁ?eélré %r%@igg%é@g tﬁ@%ﬁ’?t‘%%@’omer
portion 52. Hog Exeirpjastamespertigm Setiefiteeiyvahsealtiefide sarondiRiaslastemrortioh 52 may

prevent a rapif PRSI HIRMNAG m%r?ﬁ?@é% FIGHOMISERRGIAE, e QR LR Mst ?ES‘Fiiéﬁ‘?ﬁ‘d

elastomer portions 52 and 54 may be characterized as hard and/or soft by a variety of metrics. In one
embodimenflafe Retdidssles ke ERsRiiferdvsayPHiepls Ao §o88 h{ae resiStdm 8§ FRdentation,

otherwise refg{seshierasdhR Maietidlm QHEOraplar dFabdenptessitirthasabersdtseaie . BD amaer

embodiment, the elastomers may be characterized as hard or soft based on their stiffness (e.g., glass
transitions tERRPEARRR & OMofRIER eGSO T SRaIR, A IG PaX PEeRBARULRSLIONTRE JoMfins 52 and
54 may simplrhrigbiliiferantichasaissgtitadqueperssisiatidespbnses ararisiastoanshitiais (e.9.,
temperatures, prestsxre, corrosive aterFIs, etc. ir] a ineYaI extraction @@fem. [ EZZbIn é;lt
characterizdtiohR el %ir?&%'geDLWS Btef, ThatdARIR Gre %né’?ﬁﬁ{/ HHERE ddYaddy OF" nges. Hard
elastomers gastoatlyrinprienentbolfe heleisigra dd uirome tezapraaigr sadur aledutn@d 2haeignijcsolt
elastomers rally include those haying ter, of 6 .Shore A, and
supersoft eIgﬁé%n%réﬁﬁﬁérgfg}ﬁ\?ﬁﬁoaegﬁiés%e%%a\ﬁ%@a %%#@#\%Léf %e%fb%ggg?)%%%%%q%uhégrg ! I.lglt will be
appreciateddfatrsupesaiafecthstrnersdrelgsioinasaebitiailfief fdother rapidralraagsction systems
10; howevep, dug pelupian:fha BYRIPGHYRA IS R PRHor? SBaREHR eSS URy SOt
elastomers to be inciuded in the seal 12.

second elastomer portion 54 may not have become saturated with a high-

pressure gas due to the first elastomer portion 52 isolating the second elastomer

portion 54 from high pressure over the period preceding ED. Thus,

decompression of the surrounding environment may not be fatal to the seal 12

because there is not a significant amount gas internal to the second elastomer

portion 54. In addition, the presence of the first elastomer portion 52 may slow



[0023]In one embodiment of the seal 12, the first elastomer portion 52 includes a hard elastomer
having a Durometer of about 90 Shore A, and the second elastomer portion 54 includes a soft
elastomer portion 54 having a Durometer of about 70 Shore A. For example, in one embodiment, the
first elastomer portion 52 includes a hydrogenated nitrile butadiene rubber (HNBR) having a
Durometer of about 90 Shore A, and the second elggtomer portion 54 11 includes a nitrile rubber

(NBR) having a Durometer of about 70 Shore A. Other embodiments may inclyde variqus

oo B Rl P SRR AR BB Beserl oA IS o hard

elastomers, sttherevo il settand &astizihaeportion HrbthalastddeomettsiaEPwtiberdloromiter of the

first elastomer portion,52. Another em Bdi ent inclu ef, a.hard or stt figs elast mer&)orti n 52 and a
4 ygﬂ ré é

super-soft SBEONY Slas i@ P iBresuP AL BRI ERBT RAT IR0 ard BRES 95 the seal 12
may includeduearioutheoaddiiatiasofftedrrewitem doyu pfer-Suft etdastoness. parttber &2 ¢mbodiment
may include I t rtl r the. S r I 4 forr om a
CAMLASTTR ST SO OO RRATA FiLlcees aerarierce 1 et e B 82 oo,
Texas. [002&]ay pre¢aint] 2 iapiddires sveedigp thiraceenkd easiomrIgeoMeNfipét elastomer portion 52
may include an elastomer having a high stiffness in a particular (e.g., operating) temperature range

and the secmﬂastomeﬁp@rtfﬁ)gt 5§HHa¥é86Wee?éb%ﬁ§éPnﬂﬁfrﬁé\¥@%§ relyively Iﬁyg)st_ig@ess in the

similar temperature range. Turing now to FIG. 3, a plot 80 illustrates stiffness (e.g., elastic modulus
stiffness (E)§hRREISHERTaFRIANE NP6 SisBynferarieheot rdtal(ipse I820R iEesntnihstiffness

Versus tempeiRiHER P dtfofR r%ﬁéB&SMé’t@fdﬁiﬁff shrsteaaAsE b WO%CW@&%&WBC&_“V? of
the stiffness versus temperature plot for a relatively soft second elastomer. The first curve 82 indicates

the first elasfStRBIANANGIAKUEEIASICH SRR (IR SRRLEIRIS Ry OmRieL N iHERIEGE Hifve 84 is

indicative ofSherseaasihielapiaineihen\entbadietsmd i@ ssdsainatiemiaynperatideicazed@that is below
the first glaag trée\nsition e;ager ture ( Gl)Sﬁ The glass transition temperature is the temperature
peh ¥ bRy &

below which 't p%/s?g &rtic¥'o %?Ho Bl?ss?h ?éﬂals%‘?‘?iﬁraq%' RH&r FHW&F%U{F‘T 'se of a
crystalline pHase(glassysgiteeth anteaim\vibeviirsh amdospbons slastoialksr Edrivadilke lapdds4

Cunveresig o). SO AR s gusplonn 10 bl

he second elastomer inclu assy reglonuéz below the
second glassomditisition(eegnptasipesa(Tlies) feeFauttecotiesiet BRiatAlsesta. jagicn @éerat is above
the glass traélﬁpé%ﬂéﬁ%%mre (e.g., TG1) of both elastomers. Thus, in the temperature region 92
both elastomers may include a

[0022] In a characterization including the Durometer, materials are generally
characterized based on ranges. Hard elastomers generally include those having
a Durometer greater than about 80 Shore A, soft elastomers generally include
those having a Durometer of about 60 Shore A to about 80 Shore A, and super-
soft elastomers generally include those having a Durometer below about 60
Shore A. It will be appreciated that super-soft elastomers are rarely used in
oilfield and other mineral extraction systems 10; however, the inclusion of a
protective first elastomer portion 52 may enable these super-soft elastomers to

be included in the seal 12.

[0023] In one embodiment of the seal 12, the first elastomer portion 52
includes a hard elastomer having a Durometer of about 90 Shore A, and the
second elastomer portion 54 includes a soft elastomer portion 54 having a
Durometer of about 70 Shore A. For example, in one embodiment, the first
elastomer portion 52 includes a hydrogenated nitrile butadiene rubber (HNBR)
having a Durometer of about 90 Shore A, and the second elastomer portion 54



12 glassy state. When the elastomers are in a temperature region 94, the first elastomer may include
glassy state, and the second elastomer may include an amorphous (e.g., rubbery/leathery) state.
Finally, in the temperature region 96, both elastomers may include an amorphous state. [0025] The
inclusion of at least a first elastomer (e.g., 82) and a second elastomer (e.g., 84) enables the seal 12
to operate effectively over a wider range of temperatures, pressures, and other environmental
conditions. For example, in a seal 12 i ing.only the first elastomer, th&)s | 12 may be ineffective
at about of B R o N A QR CFE T8, O FHr (oS o BTGl the frst
glass transitimnbiedimperatumady Gic(86¢), whedirst edastimatonsapiraasidjosofd amglasspstaieftand seal
12 is unablent]o colglorrp tp tgeﬁeﬁlir&surfaﬁeaigﬁﬁg& Itrqq hc%nsgﬁ\rl Zﬁ arlad ﬁhe Wrgllpeavqlhborem%). For
instance, the ﬁl}g{ Sstomer a{/) &h mﬁ FOUREE , a 1}orCeLrjn Sttle ANED %n%sf8w ?e%’\perggﬁres, until it is
unable to sdhkasginsidactasipieenudigrsbracas Holewameies belgiohcoDiesetendfethstomer (e.g.,

84) may proyj ' e kst g | ure (TG ( . example,
ata tempera%t%i%?éﬁ%ﬂjegigé @& ergg}%?l ks)&e]:r(t?\c/)\?égrr] %? é@%aﬂ%qﬁgg@é%ﬁ trr%%sélrelggfg rﬂl__r e%{ may
transition in@%ﬁhﬁ@?rstatﬁt@ﬁatﬁ%gaﬂdid@ t@%ﬁﬁhcﬁﬂ@@@c@i@@l@ﬁbrﬁ@ﬂi@ﬁn%s i‘hSai‘Samorph_ous
state Condueﬁ‘é%dgs%%awé%dﬁ\BﬂﬂeFé@%Fl‘dst&hlelG‘Q'.“E'—%@,O{HQ%ESPQ@rﬁ PRIGHMEdRiie operating

temperature range of the seal 12 to include temperatures in the region 94. For example, in one

embodimenEAMOiAMEIBH @ hiaide SOthantt st pass et irriamarfcrattherTa1 98eBosiMeAt second
glass transitiegtaBRRISIHECHIEEh &R ey giehnd 2 HE sledies eihalvmehebiioh swcordingly,

the seal 12 may be rated for use in environmental conditions that are 12C [ten degrees Fahrenheit]

below that dPHRRI IFBpBrathlbAR the 5t BIRIRREAMY exTrafiEaln 'BReUARHIEHERY the glass

transition te@aeigorienhthe dtisualestso mansudyobe Berioximately -18C [OF] and the glass transition
temperature of the second elastomer may be approximately -40C [-40F], thus expanding the effective

operating r f the seal 12 %/a rgximately 4C [40F]. 13 more sysceptible to chemigcal attack and
iy o0y act U T RRAbal by SeH L TR im PERATTIE (R AT Fee WEatisters. Thus.
similacr]I to rt]he|aetmnelretma’ttdmsnel'SExnaayiirin‘r;:thetlelowreredmfnslticag I'mwgﬁhgoétrhﬁgtealiﬂmsﬁs;a ifirst elastomer
extends the upper aoperating ran the seal 12. In_other wards, wher secon tomer is
noated to » BCUAR B BTt o A L e SR RS BT om
from a leathgfy/mdbenglanmrphotigsianeeto kadwgraalgestivelytHe virstiélzassnier tbensméarto provide

an effective t@%é@ghpﬁﬁ@@'ﬁgg@g@d%ﬁ%@p@,éf;ﬁtg“e%lolﬁm%ﬁzgfégirgﬁmggir@ ts enables

the first elasto d elastomer at elev operating temperatures. For example,

in an emboditagiit Winshd ysestiféiesastbmearenankdentoseaibiiel E94sMwen efagteniess elHitoffist isolates
the second glastoge({TARIdRG ehaieRs BfRci NG QIsiensieyaie tsImPeRiwss: gRgures

proximate to the seal 12. [0027] An exemplary embodiment of the seal 12 includes a first elastomer
portion 52 iftRidfigstagreteAPErARsrsasersh & Ve itk dmdrsiqakxe (efgtha SineraLRIREEd

elastomer) aaghHeeaseONsitlapioraerdRalvein oslon - txmeiablEat G sshorae Rroseler BEM. The first
elastomer portjon 52 formed from hljgh-temyéperature, 90 Shore A Durometer FKM iﬁl_%udes an operating

range of apPaGAiERI )2 B 58997 634B8r, URLAAS SHESIH 8L EBIREFIBIE A B4 1o¥fhed from
I[OW-t?mperaatncetr%)s‘éborej/&d@uﬁometenmtimluﬂﬂseage@pataémrm@e béa’ngramma?/ -46C
-50F] to 121C [250F]. Accordin the se includes an operating t erature range.o
approximat R R e P TNy Cnes, T <Ba B el Bt O Sl StE res up to
and exceediegnppprbxiendi€hl 13 B899 hd 6gtesal 4R sififi20,200peoatuds pertbquiem pesht(PSI)]. Other
embodimenis, VArQuUS r inati fe S ffectively ingrease or
decrease thése(l%ﬁe,ra ﬁ%ﬁéﬁé ?)4? %Egiggj) %ﬂ§§%}j %@%ﬁ#ﬁgﬁﬁemé%% grr\?ag{yiriﬁluédel% gd/eﬂgrfety of
process to eftendtivdty timsefada iy Srlinamagert@asystatd) 5anthahiny @ mbictieeerpbacis of the

elastomer pprtions 2 AOA4 aFREXIELHAN AR AERAEIF)SRIE) SURSEAHRRIY cAEPFRspion molded

together to provide the body 50. Accordingly, the body 50 includes 'a homogeneous structure that
includes an @hestaiperdeehusias gmalassy region 90 below the first glass transition temperature

(TG1) 86 and the second elastomer includes a glassy region 92 below the
second glass transition temperature (TG2) 88. Further, the plot 80 includes a
region 96 that is above the glass transition temperature (e.g., TG1 ) of both

elastomers. Thus, in the temperature region 92 both elastomers may include a



14 elastomer portions that does not include auxiliary shear stresses (e.g., friction) between the
portions. In other words, there is no boundary layer between the two materials. Another embodiment
includes vulcanizing the first elastomer portion 52 and the second elastomer portion 54 to one another.
For instance, in one embodiment, after each of the elastomer portions 52 and 54 are formed, they are
cured in a vulcanization process. Curing the seal 1£2in the vulcanization process includes exposing the
elastomer pO(tions 52 ancW4 to high temperature, hiqh pressure, and catalysts (e.g., sulfur) to
cross-Iink tHFBNe LS of VRE'bILBOAIRT ORI it A o FEREIR HE G 01 s BT geneous
body 50 moetastsisiantriaycheioidal gittask. Siteeraniibdinerdadidagwngthesgahdlddechrde a variety
of processes. f For ﬁxam le or}ebeombg i enéénc%u?esgn]e iise r?r}hadvesivert? arldhrere tﬁegglastomer
portions 52 SN EA'%'d 8'ghot¥1er.ef3/ur ﬁér,e (A embodinieNts IRcli0e mac f?\inegg{%e dstomers to
the desired bhtipelbstiores sidyricouplngntiamelgdtousestate.one another. In addition, the above
discussed processes may be employed to couple (e.g., vulcanize) a plurality of elastomers to one

another o 1psb|a REal . 500 CHATIR e o P olafiotnd O(@rimors (lsens lasigmyers may be

vulcanized t e se with an increased operating range. 0_%'29 ion to the
embodimengiasteesr 12 disSdsitbRlre tegaeric thto wpssatR efilestiveravsd t\WisT Panteer

embodiments faphie RIS AR ANfIGr aleNSIRBCRABIS S AT DR EIRHOTS: RAZiRRR5and 54

including similar materials and forming techniques. For example, certain embodiments include more
than two ela&t8RRbr ifornelslinggriy hehdist £l astompth dhecfasbdimenay iRaUpeleeigs ak.-seals,

Metal-End-Gpsealhérse fralrsomhieiesiiRp3psring e e 106G 1f. ahankadimant of the

seal 12 including a first elastomer portion 52 and second elastomer portion 54 extending through the

body 50, is ALEFRYLNeHELQIBRE LRNsHHRR I$TBR/SAEPIALaLLE R sifin diTal slasigmaceDakectly
betwegn ?ndmmﬂm a fg@@gka%m@eréﬂ Igygrhmoignﬁwétﬂéstt@l@@ﬁmd hhcttm@ leyglink02. Theh
second elastomer portion 54 extends adjacent to the jnner surface 56 and.the outer surface 58 of the
eal12. I GHHFGER A6 G e St 1 b B 28 bt AP S D s 15
sandwicheddiedtoeesr thna yirsh ridas t@tnactp arichns S2btSda dive bee tfe dbev donther atis@ssitiotil of the first
elastomer pgQrtion 52 abput at least.twp Si fth nd elastomer portion. 52. In one embodiment,
tho fret ol B T OB b T B e
a soft elastahesdeooihetastoboelineeatsSéhorapaninidef ivressading Atrwlingdevattférehglasterial and/or

Clastomer o T B e B O Y 8 ot

elastomer, d8cth®ehweernstormeBeotesid JérioBBD2theIlitr selasipieris ey A50RMEPN[IRL]FIG. 5

illustrates agygElodimed ARG fiatds 19 HLRDI AP WRlIBecond elastomer remains in an
amorphous state conducive to sealing. In other words, the inclusion of the
second elastomer widens the operating temperature range of the seal 12 to
include temperatures in the region 94. For example, in one embodiment, the
difference between the first glass transition temperature (TG1 ) 86 and the
second glass transition temperature (TG2) 88 is approximately 12°C [10 degrees
Fahrenheit (°F)]. Accordingly, the seal 12 may be rated for use in environmental
conditions that are 12°C [ten degrees Fahrenheit] below that of a seal
incorporating only the first elastomer. For example, in one embodiment the glass
transition temperature of the first elastomer may be approximately -18°C [O°F]
and the glass transition temperature of the second elastomer may be
approximately -40°C [-40°F], thus expanding the effective operating range of the
seal 12 by approximately 4°C [40°F].

[0026] As will be appreciated, the potential for chemical attack on an elastomer

increases as the temperature increases. Further, softer materials are generally



of elastomer layers in the body 50 of the seal 12. In the illustrated embodiment, the seal 12 includes a
third elastomer portion 104, the second elastomer portion 54 and the first elastomer portion 52. The
third elastomer portion 104 includes a single layer, the second elastomer portion 54 includes a second
elastomer top layer 106 and a second elastomer bottom layer 108 disposed about the third elastomer
portion 104, and the first elastomer portion 52 includes the first elastomer top layer 100 and the first
elastomer bottom layer 102 disposed ahout the second elastomer portion 54. Each of the first
clastomor pOItth 895458 WiEor ) SRASBIREL FOIAGH SNntAle BRATAHEo B vt SRR bxtends

adjacent to firependsssatfanedsGanpdhxurstdisuriaivadydidne skatdidels.oliesyeirddathe seal 12
includes a plurality of elastamer layers sandwiched between outer elastomer la L[0032] FIG. 6
lustiates Al B BB PR AP0 T B TSI O CERE S B AT B oSl the bocly
50 of the sealakPotmethextiestiattt enppedioreratihg seape@2ahtchelssahel Arstrelattermeomsition 52, the
second ela ] 4 Ir | fir t I ion 52
includes a m%ﬁ%ﬁ%r%@ ﬁ%gﬁ?jﬁﬁa% gllggtgs@eﬁé gv?&]qﬁga}agr@%ﬁé.%%%%tfﬁ?tffipggond
elastomer pirtien Gemitatledgekinger hed elasipsiorithekisenm clif portidnicatherndreBosifilar to

those discussag b CeRlid 1 Bl Gegraliad LikehelRBaREERRINNLL RAMRRUCIC AR YRGS UHrd

elastomer 106 and an outer elastomer portion 108. As illustrated, the inner third elastomer 106 is

immediatelye$@FBYR LD P a7 i IBehH AasHPREPPRILIGRDE altetseJuied 16 eRif@iBlastomer
portion 108 i/ BBRRAERIRIYsHABRAGRE bysthe asismepcNdRIRIOMR! BEEWRAR Gsabidrthar.dhe inner

third elastomer 106 includes a face adjacent the inner face 56 of the seal 12, and the outer third

elastomer 188YRAHIERSI3LRY IRIRYIALUFRSo bR $XREBE of iR SBPRYIMSTNEISIRLES, R body 50 of

the seal 12 wgktdascipding elrsiosoen@atipiorder Harality effaasieofsbeisecoiy sdasimer portion
54 nested in the inner and outer diameter of the first elastomer portion 52, and a plurality of bands of
the third elaElonRT Bbr BT BT e B 2 CLsr il RSB SO A1es oHe
embodimenprtssgea pdinclae dhdysaat t@.the inner second and third elastomer portions 68 and
106 or the outer second and third elastomer portions 66 and 108. Further, other embodiments may

include any ination of the first, second and.third elastomer portio 2,54, 104. [0 FIG. 7
illustrates an'em (I)A irr%)e(ﬁ?n Iﬁ'% %@a oé%ﬁaﬁaméeagﬁ%ﬁl@nﬁue%)gtgrﬂEsr?p?(l)?ﬁgon@%fps%rggﬁ]d integral to
the body 505 tinelsdiidl igh tiemipesaiared Smifduhmeert, thercesiter MEMdesahedirtypslastomer

porton 52, U6, sRe0d elasiamer RaTion e4dus i SlamampICRANIRAGRA Jayah gtpstomer

portion 1 10. Each of the secon astomer portions 54, 104, 110 are disposed in

series alongiheréace SlurmneisssEMnd B8 dirshectrsdpmerFpedivampie faigedciiameligtomer portion
52 includes fhye yanef,ARd gytesiRsieond SasiprResSERI GloitrdhiEs ekirinag PRIHGE 1G4 includes

the inner and outer third elastomers 106 and 108, ang the fourth elastomer portion 1 10 includes an

inner fourth %@?ﬁ@tfliﬁ%]&%rﬁ]t% I{ePralR065 ok Madsthg £ecaRd SlRsIaIfoRARI @astomer
114 adjacerg4hesawiad faeenSToal the serltlire AQOOSHIOY . Raph @nteeeseram, thardduad feurth

elastomers include separate rings disposed proxi aLe t O%ne anather in tgﬁ inn&and outer diameters

of the seal PSIRBAG LARESAhERP LRt atth féé*u dididmbipirachE B4 SAAY A9 nclude the
same type ahelasiaime .ikcluezaranleperaegeivpdiragnt e dissbelasiroxinaijonrtZ0ncludes a

oo g PR e R A B e AP BaRggr on e
and exceeding approximately 137 895 146 pascal (Pa) [20,000 pounds per
square inch (PSI)]. Other embodiments include various elastomers and
combinations of elastomers to effectively increase or decrease the operating
range of the seal 12.

[0028] Forming the seal 12 may include a variety of process to effectively
interface the elastomer portions 52 and 54. In one embodiment, each of the
elastomer portions 52 and 54 are extrusion molded separately and, subsequently
compression molded together to provide the body 50. Accordingly, the body 50

includes a homogeneous structure that includes an interface between the



17 [0034] As mentioned previously, embodiments of the seal 12 include employing similar techniques
in various types of seals 12. FIG. 8 illustrates an S- seal in accordance with embodiments of the
present technique. The seal 12 includes the body 50 having a protrusion 120 in the outer diameter
(OD), and integral anti-extrusion springs 122. Similar to the embodiments described with regard to
FIG. 2, the seal 12 includes the first elastomer portian 52 flanking the second elastomer portion 54.

For example, the body 50 jncludes the first elastomer portion 52 having a generally rectangular shape
o A O PR L2 O e S0 R} FOreees i ATty of the
seal 12, antdhthevpested pectodse nstonee waodinnHate Thaseoond alatigordsgragianthd tacjudes the
outer second elastomer 66,adjacent (e.g., sharing a boyndary with) the quter face 58 and the inner
Cecond TS A R Be e T R N e B R Rl e o 66
and the inné@Xsacchthelastomer €@stwiele pertemd4ftmatee dAnbitids. dispassthircthemuee and inner

diameters OEFHBJHﬁBEHSE‘;{ﬁ]Peéﬁgs'{:QW@eé%t‘é’m&eﬁ%ﬁ’éﬁ‘s‘iéfgnai5"4'%ﬁé%'?r%é’&?‘iHé?iﬁF‘eregardmg

FIG. 2, the cross-sectloﬁ of the fi astomer portio and the second elastomer portion 54 may be
varied to aceurachiitiatepaeiziatiopoitesrass. Guingkihameari@.ig theswkdeas zrtioaaprogessiuding an

§-seal havingdarationg ek ATt AL BONINSAAR dippRer i dntaigRl diameter

of the seal 12. [0035] Further, embodiments including an S-seal 12 may incorporate any of the
features disBIREE QvidNFeeRiRIVR (6 8- 457G e caAssIinki i@l el e dhARiAsiASFated and

discussed with 4Rga8, tRAGedulfIRe R HlUptraRn R Rorealinrbdingou|ase b ecaraand elastomer

54 extendinsgbbetween the inner face 56 and the outer face 58. In the illustrated embodiment, the

second elas & BiGAG1BgknOeE ST RRAYMeAIR PLIoHBIG BR S&R) BednelideAdvabsh &ing the first
elastomer tapdapesdOrnd dharfirse clastoraadeetinentayes 163s whereissthaseeprdiehagtomer

tion 54 extends adjacent to the inner surface 56 and the outer surface 58 of the seal 12. Further,
vt cmbod AR IR S SRS TSR 50 Fo e Bt oanttlEr FOB) ind WALGTal GFBurusion

springs 122 e@tiedtiembisdinctuds imduﬂieniag:rltbﬁssaastmnanfsttm mdéﬁirieqlls@'m]ge Iiongdtigple
clastomer IyfP (SSRTG 1T UUIBIRPLRIomE INGHR (557 Bl Bh LBl tlsiempss.gffset and
integral to the body B0 (See FIG."7), and the like.

processes may be employed to couple (e.g., vulcanize) a plurality of elastomers

to one another to form the seal 12. For example, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more

different elastomers may be vulcanized to form the seal 12 with an increased

operating range.

[0029] In addition to the embodiments of seal 12 discussed with regard to the
cross-section illustrated in FIG. 2, other embodiments include alternate
configurations and geometries of the elastomer portions 52 and 54 including
similar materials and forming techniques. For example, certain embodiments
include more than two elastomer portions integral to the seal 12. Further,
embodiments include T-seals, S-seals, Metal-End-Cap seals, face seals, and the
like.

[0030] Turning now to FIG. 4, an embodiment of the seal 12 including a first
elastomer portion 52 and second elastomer portion 54 extending through the
body 50, is illustrated. The second elastomer portion 54 includes a single layer
disposed directly between and separating a first elastomer top layer 100 and a
first elastomer bottom layer 102. The second elastomer portion 54 extends
adjacent to the inner surface 56 and the outer surface 58 of the seal 12. In other
words, the second elastomer portion 54 includes a layer of elastomer that is



[0036] FIG. 11 illustrates a 1-seal in accordance with embodiments of the present technique. The seal
12 includes a protrusion 130 in the outer diameter (OD), and extrusion rings 132 disposed integral to
the protrusion 130. The extrusion rings 132 may include PEEK (polyetheretherketone), metal, or other
hard plastic materials, for instance. Similar to the embodiments described with regard to FIGS. 2 and
8, the seal 12 includes the first elastomer portion 5p5flanking the second elastomer portion 54. For
example, the body 50 includes the first elastomer portion 52 having a generally rectangular shape
(o oross.SERENFP B BRRSRREI R b BRORTASR LS8 5 HONP 8 o 06 Bl of the
seal 12 anddispisitgrabseeoficsetattonespostitionSBR dbeusetdadst matasivespefrtion setomeludes the
outer second elastomer 66 adjacent (e.g. sgar'n a boundary with) the outer face. 58 and the inner
cecontt elasT B8 RS e EBaar ey S ek Rn e BleB G2 Sl scomer 66
and the innex beabethsiastemanddhe decesocelrsidnoé npatdideal HHainc dissaedfirethetonnter. and inner
diameters o ' tq]ﬁ% rti . i Cl qlar ty; i ion regarding
FIGS. 2 anJ rggjéeg i:r‘eoss-s%@%nr? %f%%g}ﬁé?%ﬁ%@tgﬁ%rg %@orﬁiqgﬁgg}%asggg% ;gﬁ?jﬁ(@ portion 54
can be varieah@cicpiATbdatccspediiiteapplibationesFsliferesaiiremeian fostexespe deal 12
including a bise gy he. RFRITHRPBIASB AR 66 BYlfriofudas tdesisperacbrr iidpierna

R
diameter of the seal 12. [0037] Further, embodiments of the 1-seal 12 may incorporate any of the

features disEiRseaCRT relpsieMerICYton. Par BEHIsR, 3insiRik t8lastosMpodiRtEHDBIusttdted and

discussed V\@Esﬁ%@@éﬂ kSBthﬁﬁ%oﬁ‘ti@ﬂdj 09.idfaad3 dldsisateson btgsrigluding allayer of the second
elastomer 54 extending between the inner face 56 and the outer face 58. In the illustrated

embodiment, the second elastomer portion 54 includes a single layer disposed directly between and
separating HRO41t elastoEr %H'\ﬁf@%@%ﬁ&‘ﬁ%ﬁﬁ%&é SPBbIBANENAPI P PIRFRIIN the
second elasgprRsReHRNdyeRXIeNHs BERESOt &0 the svaerisuriacedh@ithtbe eniBbamiasg S8 of the
seal 12. Further, th bodiment ipcludes the protrusion in the outer diameter (OD), and 19
e 8 3530 GAnIBp Lo L R TR o 0. D eSStk BBl 18" REISTe motiple
elastomer sy decHIS! B)astoipigoeldisiober Taeetki{deddsiGme), podiipl e 84asiolmges affset and
integral to th d (sge FIG, 7), and the like. [0038LFIG. 14 illustr Metal-End- seal in
ecoranee STEIaRen e et R S e g e R Rl o
disposed orlakiertdp@rahd ot cradeine scEstandes oottt deyen 2 0Budinppst@ sbalil 2nacloies a

cross-seciiop iy RS 162 ARG St RIBEHPAD JBAUBN9 56 AUelECH . The

internal diameter includes a second protrusion 146 t e Inner face Similar to the

embodimeniagéeaasdarviyeedafiand-iesfirst glaptpmer thettnl lapanhdR@ sisprsaesebRIStomer
portion 52 flapkingdhsuSerig REISKURRIP B4R ¢h foPr hxarmBieeiisidindy pariciuaes the first

elastomer portion 52 having a generally rectangular shape (e.g., cross- sectlongq!)‘grofile) including the

protrusions $82°AAd a8taMetneEsR Pe Higstiingr plgaiomsn. BRdecHY Sx&BdSer portion
54 includes Hagapuift6eReNArRIASIAfACE &% intrOAbtelRe HiFtaieresiInnkidcand adiqesnéfe.g.,

sharing a boundary with) the guter face 58, and. the jnner second elastomer 68 integral to the second
protrusion 1%8"85d 16 £E8ht 'theNAHEPFABPHE Yy UEIRTRINEL AVSS $HerBRicEEd R MR omer 66

and the inneysecerd@agiommgses includes a band of material that is disposed in the outer and inner
diameters of the first elastomer portion 52. As will be appreciated, similar to the discussion regarding

FIGS. 2, 8 e cross-section of the first elast r porti 2 and the second elastomer
portion 54 MO0 BA bR o ) B L0 48 CaRLTE. b 5 F LI G S PLLAEE Bhe Metal
End-Cap seealas®ohaaingdtiefisstesigdsionttid 4y t0€ obfarthiersdal2 iflsposéukeoi| tsér &teetnal

diameter of F i the fi i
portione 57 Shipag e tE Sed 32 AERAI el To0Eh e RO, e R e
disposed syghestarnieilipeitiont: ffe dod\tisD thirdrelasitmoeinpemtiomel Bdtef kedbist elastomer 66 is

offset from e {FESSHRANHELSI MRS AR AEHECURRIBEE" til RALAUBSIUINGHP PGYLRINg] axis 64.

Further, the size and shape of each of the outer sécond elastomer 66 and the inner Second elastomer

68 may be Ve FEHBREM NS FRSONG RIgstRmes AorianRfnkslugemimiarERrICuser

second elastomer portions 68 and 66 similar to those discussed with regard to
FIG. 2. The third elastomer portion 104 includes an inner third elastomer 106 and
an outer elastomer portion 108. As illustrated, the inner third elastomer 106 is
immediately surrounded by the inner second elastomer portion 68, and the outer



20 seal 12, wherein the height 148 and width 150 of the inner second elastomer 68 is greater than the
height 152 and width 154 of the outer second elastomer 66. [0040] Further, the Metal-End-Cap seal 12
may incorporate any of the embodiments of the seal 12 discussed with regard to FIGS 4-7. For
example, similar to the embodiments illustrated and discussed with regard to FIGS. 4, 10 and 13, FIG.
17 illustrates the Metal-End-Cap seal 12 including #dayer of the second elastomer 54 extending
between the inner face 56 and the oyter face 58. In the illustrated embodiment, the second elastomer
portion 54 iHBIRER S GG RYRIHishIaelt HRUEAP BLave SHIRHIOEHa Mt EHFY: SFEGBFher top
layer 100 aruldterikat patiomecbdiiothdayend 02nwrhéiiedh diesseoendiddsiwheligsodidacsd extends

adjacent to the inner surface 56, and the quier surface 58 of the seal 12. [0041]Other e iments
e o or ORI T L 2 iy SHETGSE A0S s RN, Lkt 0 he
embodimentrolube s @afdibesadiackint Fhe. GytEtGads Bitisifdies aeatrBodineheoiwhelyetzd-End-Cap

| 12 inclyd I ' Q | il d
cmbodiment e S04 T4 e ahe EVReS e Rt Arten ST M IEo BHEECT <
and the firstad|eosreppoeiestemer motha afasesish iollieinnes anclideraosmpéangbihthe second
elastomer parliop; 24 e dssibR SeCUMY SlasiaEIRY OPIanes Joqfir?é‘ﬂwﬂllﬁéﬁ%}ﬁeﬁ' fGgr bottom

layer 108 disposed about the third elastomer portion 104, and the first elastomer portion 52 includes

the first elastOtheetpddyaachhiietaednad arstomer pofiirnIaftriiorais iragBlitthse second
elastomer pagipn 54nEiagBLELH B RStRMBRAOKILRRR 4he BaRINIRIRHRMBERRITOES and the

third elastomer portion 104 extends adjacent to the inner surface 56 and the outer surface 58 of the

seal 12. In FREr 1068 e Quiar SRR RCLIBIE HIES B RISRATIANS RS L8gn HifichdtitBBtween outer

elastomer layes. EXRE3dirEnts hiltysiraiesamemboribieaion biethetast nstcome e 1Rifgcluding
multiple nested elastomer.laﬁ/%e%s' ilgr%{) the embodiment of the cross-section illustrated in FIG. 6. In
e Seal1l 9 cl

the illustrate ae?‘r%%%ﬁrﬂaﬁt? udes the first elastomer portion 52, the second elastomer
portion 54 and the third elastomer
[0033] FIG. 7 illustrates an embodiment of the seal 12 including a plurality of

elastomer portions offset and integral to the body 50 of the seal 12. In the
illustrated embodiment, the seal 12 includes the first elastomer portion 52, the
second elastomer portion 54, the third elastomer portion 104 and a fourth
elastomer portion 1 10. Each of the second, third and fourth elastomer portions
54, 104, 1 10 are disposed in series along the face of the faces 56 and 58 of the
seal 12. For example, the second elastomer portion 52 includes the inner and
outer second elastomer 68 and 66, the third elastomer portion 104 includes the
inner and outer third elastomers 106 and 108, and the fourth elastomer portion 1
10 includes an inner fourth elastomer 1 12 adjacent the inner face 56 of the seal
12, and an outer fourth elastomer 1 14 adjacent the outer face 58 of the seal 12.

Accordingly, each of the second, third and fourth elastomers include separate
rings disposed proximate to one another in the inner and outer diameters of the
seal 12. In one embodiment, the second and fourth elastomer portions 54 and 1
10 include the same type of elastomer. For example, in one embodiment, the first
elastomer portion 52 includes a hard elastomer, the second and fourth elastomer
portions 54 and 110 include a soft elastomer, and the third elastomer portion 104

includes a super-soft elastomer.



21 portion 104. The first elastomer portion 52 includes the rectangular body 50, and the second
elastomer portion 54 includes the inner and outer second elastomer portions 66 and 68. The third
elastomer portion 104 includes the inner third elastomer 106 and the outer elastomer portion 108. As
illustrated, the inner third elastomer 106 is immediately surrounded by the inner second elastomer
portion 68, and the outer third elastomer portion 10&is immediately surrounded by the outer second
elastomer pf)rgg 6. Further, the inner third e[lﬁastomer 106 Ln ludes a face zildéacentt e inner face 56
of the seal 1303AHARTBIILP PRTPLRLNHY: BBIRBATEE T ALK SeRlcbralidHes: BIPRM NG ace 58 of
the seal 12. simitheeehmiquinéentveiribesMptesEofds€alp J@alAIGM@yllinsitdes anui8pleszibgiomers
offset and integr?cljt% thewkft%d% 58 éslrene ﬁ({)G f7 ang then{il,fe. 91943 I?hadditi?q,ztcl)ntqe gDre iously
discussed feaa?tuc?es"’,1 R AN y IRC Srﬁ’ora%%&&ﬁonéal catlires toefrﬁs ovE& the sear, For example,
embodiment®di/the $enin@ ncudeusiono$8Gkactiba incladidigra etierd@iP pf andeimtstivak amtdentations in

the CrOSS'Se&@%@)&?ﬁﬁ@jgﬁﬁ%%ﬁﬁaﬁh?& N i&‘é%%@ﬁ)‘%i%%g@od@rﬂ%er of the

seal (e.g., face he grooves effectively create ridges rovide areas of increased

contact _stre?s ttﬁl(méiiﬁ@éiri_a flopdustes) E@Nﬁé&i_ tRlagieanan Qﬂﬁiﬂﬂe_ﬁﬂeﬂﬁl@mi é&@eﬁ%ﬂmies 14 and
16. For instaigcgoR G- p8HHLS RIesHap %ﬂﬂl%eﬁkob@@ysgﬁl reingbding &iRlyralingghippentations

160. The indentations include inner diameter indentations 162 and outer diameter indentation 164.

Further, the RREEMaBI832VEI afe IRTFEAIBH TRCIANDWETSHPRR @ dbiofiess: SRSliRhRseli Bl

indentations H@Qdiﬁ@ym@'tiﬁﬁrﬁ@%waf y (@Méﬁdm@ﬁﬂﬁ@ttﬁ@%m@ﬁ"dm@r% and Himpaeond
elastomer portion 54. In the illustrated embodiment of FIG. 20, the inner and outer indentations 162

and 162 areAjehtiRINFSIRASEcR SRRICTFLRSTBE rthnlfs RSRANA S BSIRE & BREABSE section of
thedsﬁa| 12-ih’¢;l@tﬂ@’§4ﬂ@6%&téhg@ﬁma&iémdhﬁ' : éﬂ%@}?%ﬁ@éﬁl;@el@@?fﬁrid@@@@b@ﬂéh}f&ﬂﬂ?r face 5h6
and the outer face 5 t embodiments of the sea in¢lude mmetrical profiles on the
om0 ST D MR SRR RIS B B AN P A B 5 inclucimg
a Metal-EndrCapsaaiple, heathg aintheyoutetrisalprofidastotherind®rdadetbé ameetheandted face 58.

For exampleltré%illuesrt elgc Zd%gnb dérrr]] rétfirr}]cl edrea %/o i%d .rétagisoer}?s.lq.%g%t?eer igrqgrirﬁac? 56 of the
seal 12, and a single indentation 188N INE Oliter face b8 of the seal 12115 other words,r{%e seal 12

c_ross-sectiddiMdlE&BC& finst f@rebm.emmnhmrﬁm.@.d@mvdtbbamﬂ)aree@ad, gﬁmﬁwtty timethe gxternal
diameter %48 SL0RIF T AR AYE! SEaRP o SIDAIRAH BRI DA UETHBPIAERL R variel of

.
seals. For example, emb Include the asymmetric or symmetric pro ployed in a 1-seal,

an S-seal, a@ctHiBeilceqoud 5l agtacRshredieb S/ sk uesivaTecute aeepnHTRdeicaskpriHCe.g.,
radial) seals, L2 isiTAE [GEHNIgKsH FIEY BRseroplfystiz dhendesian and Her gfiqcesenisdrace seals

generally include seals 12 that provide a fluid seal between two g_enerallé?eﬂa_t surfaces. For example,
FIG. 22 illushRRg dh e Rpsaisien: 1RQ ik e pit-prHESRAFRIEER N 2 ishoe8 HaRdesent

technique. ThegealdzZesiidagsibebadioo0, the first elastomer portion 52, the second elastomer
portion 54, the inner face 56, the outer face 58, the top face 60 and the bottom face 62. In operation,

the top face 60 is mated to a first body and the bottom face 62 is mated to a second body to provide a
fuid seal bAREH THERRS: SFRPREUBRB BRRAIRIARATSRP e FABHERRRRERIAEPMe Ui o

sealing feattsagiconddicvestedealitly visythre tap a¥1d:8ouom froes b 2siforaexamphe, as

e P SRS S LA R s pisn e Bl et
portion 52 fl8résahededmydeelagtorobtheostonrid etaatsmelab4nextnadiogtibat deswussednih regard to
FIG. 2. face 56 and the outer face 58. In the illustrated embodiment, the second
elastomer portion 54 includes a single layer disposed directly between and
separating the first elastomer top layer 100 and the first elastomer bottom layer
102, wherein the second elastomer portion 54 extends adjacent to the inner
surface 56 and the outer surface 58 of the seal 12. Further, the embodiment
includes the protrusion 120 in the outer diameter (OD), and integral anti-extrusion

springs 122. Other embodiments include a cross-section of the seal 12 including



[0046] In another embodiment, the second elastomer portion includes a single layer passing through
the cross-section of the seal 12. For example, FIG. 23 includes an embodiment similar to those
illustrated and discussed with regard to FIGS. 4, 10, 13 and 17. As illustrated in FIG. 23, the seal 12
includes a first elastomer portion 52, and a second elastomer portion 54. The second elastomer
portion 54 includes a single layer disposed betweetga first elastomer inner layer 176 and a first

elastomer outer layer 178. The second elas er portion 54 extends adjacent fo th face 60 and
e bottom (LT o7 RRICRE] 13Yom e Ao LB PGS LOETS TR sontions
similar to thoseltihteetsdmatls etspidatadRtegr 4 thDH4s) FseehRIGhe) ahoaehdisikgssed

embodiments of the seal 12 may include any combination of elastomers and cross-sections conducive
bomer having a

to providing r@é%f ﬁ?%' 17N RIAMRG pach,separats porton %a%r%%légrﬁe%seclﬁ g presen

different hardness, stiffness Or glass transition temperature. Further, embodiments may include
combinatiortedintguenmied e ci@scedisrs prarusiampBs) nteenboidinianiedud@®p aruss-section
including a ile.simjlar. 1o & i ctiarn.i ir; ile similar
1o FIG. & ol S g 28 SR e e ihcations

and alternath@2fonayg, ksdetiec Elnbbdieetherainsskeienelwmsiatapofakamprrch Mestitawings and
have been qesetibad iRglelitisteinsiAAME VIR thShaHISbBR ST SIaQ B WRHNMEHANES not

intended to be limited to the particular forms disclosed. Rather, the invention is to cover all

modifications!@guivA8AtS. dne Seainbdves!ulfsgiiathnstifiastopeopPitianvestiinkiagdhifed by the
following apgessied elRifi$mer portion 54. For example, the body 50 includes the first

elastomer portion 52 having a generally rectangular shape (e.g., cross- sectional
profile) including the protrusion 130 extending from the outer diameter of the seal
12 and the integral second elastomer portion 54. The second elastomer portion
54 includes the outer second elastomer 66 adjacent (e.g., sharing a boundary
with) the outer face 58 and the inner second elastomer 68 adjacent the inner face
56. For example, each of the outer second elastomer 66 and the inner second
elastomer 68 includes a band of material that is disposed in the outer and inner
diameters of the first elastomer portion 52. As will be appreciated, similar to the
discussion regarding FIGS. 2 and 8, the cross-section of the first elastomer
portion 52 and the second elastomer portion 54 can be varied to accommodate
specific applications. For example, FIG. 12 illustrates the seal 12 including a T-
seal having the protrusion 130 and the extrusion rings 122 disposed on the
internal diameter of the seal 12.

[0037] Further, embodiments of the T-seal 12 may incorporate any of the
features discussed with regard to FIGS 4-7. For example, similar to the
embodiment illustrated and discussed with regard to FIGS. 4 and 10, FIG. 13
illustrates a T-seal including a layer of the second elastomer 54 extending
between the inner face 56 and the outer face 58. In the illustrated embodiment,
the second elastomer portion 54 includes a single layer disposed directly
between and separating the first elastomer top layer 100 and the first elastomer
bottom layer 102, wherein the second elastomer portion 54 extends adjacent to
the inner surface 56 and the outer surface 58 of the seal 12. Further, the
embodiment includes the protrusion 130 in the outer diameter (OD), and



24 CLAIMS 1A system, comprising: a fluid seal having an annular seal body, comprising: an annular
seal interface having one or more engagement portions; a first annular elastomer portion; a second
annular elastomer portion; and a third annular elastomer portion, wherein the annular seal
interface comprises the first, second, and third annular elastomer portions, wherein the first, second,
and third annular elastomer portions have materialjgroperties that are different from one another,

herein the second annular, r ortion comprises a U-shaped cross-section disposed in a first
ot rec S PR AR erar CRL OISR T (IR SR AIEPSBSEIED Shis e isposed i

a second ammlatrcredsf:gs mmupleeemmbammlayedas(@meﬂrert'@h mndlplppemacﬁnehs kefytire U-shaped
Cross- sectlo ond r elastome ortlon r dIS ose aI ngt eali face on
FPE% gsﬁ nrfﬂf%ue 35%@ S 0 %ﬁndalrﬁegr 8y%f(\)?see 'ﬁ%aﬁ

opposite Sld erp
and the like.

[0038] FIG. 14 illustrates a Metal-End-Cap seal in accordance with embodiments
of the present technique. The seal 12 includes metal caps 140 disposed on the
top and bottom faces 60 and 62 of the seal 12. Further, the seal 12 includes a
cross-section having chamfers 142 defining a first protrusion 144 including the
outer face 58. The internal diameter includes a second protrusion 146 that
defines the inner face 56. Similar to the embodiments described with regard to
FIGS. 2, 8 and 11, the seal 12 includes the first elastomer portion 52 flanking the
second elastomer portion 54. For example, the body 50 includes the first
elastomer portion 52 having a generally rectangular shape (e.g., cross- sectional
profile) including the protrusions 144 and 146 and the nested second elastomer
portion 54. The second elastomer portion 54 includes the outer second elastomer
66 integral to the first protrusion 144 and adjacent (e.g., sharing a boundary with)
the outer face 58, and the inner second elastomer 68 integral to the second
protrusion 146 and adjacent the inner face 56. For example, each of the outer
second elastomer 66 and the inner second elastomer 68 includes a band of
material that is disposed in the outer and inner diameters of the first elastomer
portion 52. As will be appreciated, similar to the discussion regarding FIGS. 2, 8
and 1 1 | the cross-section of the first elastomer portion 52 and the second
elastomer portion 54 may be varied to accommodate specific applications.

[0039] FIG. 15 illustrates the Metal- End-Cap seal 12 having the first protrusion
144 and the chamfers 142 disposed on the internal diameter of the seal 12.
Further, the shape and location of each of the first and second sealing portions
52 and 54 may be varied. For instance, the second elastomer portions 54 may
not be disposed symmetrically about the body 50. In one embodiment, the outer
second elastomer 66 is offset from the inner second elastomer 68 in a direction
generally parallel to the longitudinal axis 64. Further, the size and shape of each
of the outer second elastomer 66 and the inner second elastomer 68 may be
varied. For example, FIG. 16 illustrates an embodiment of the Metal- End-Cap



2. The system of claim 1, wherein the material properties comprise hardness, chemical resistance,
porosity, responsiveness to temperature, responsiveness to pressure, or a combination thereof. 3.
The system of claim 1, wherein the first, second, and third annular elastomer portions are effective to
seal at respective first, second, and third temperatures, wherein the first temperature is greater than
the second temperature and/or the second temperagure is greater than the third temperature. 4. The

system of claim 1, wherein the second ular elast r partjon.is effective to seal at a fjrst
temperature BloV A Pr YRR 2AGNbA AL ABEAIET op e e AHIRISPERLA SRS RBRIGRE or the third
annular elagtogneateottan is effetjive 1tb2saad atidthemndfttropriatusedagidwlastienmrdglass transition
temperature of the second annular elastomer portion. 25 5. The system of claim 1, wherein the first,

second, and thi nular elgstomer. portions.have respective first, second, and third hargnesses,
wherein thectéras{%ﬁ1 rn{’égrg isﬁé?ear}g}e?ertﬁw%%nfge% SBeont iai%nergg 4nd)BPY %r%%coﬁayha#;&es IS greater
than the thirerhlodimessiscofTthe sseabmofidairasedwiidneirghedfitet kil dr &ldstorexampphéon
comprises [trj i I (HNB lar elas r portion
comprises ﬁﬁfg%ﬁgﬁﬁg(&@)%é(w%%{%l@o#} agr{jnu ar %@%%%@ﬁﬁgﬁ%ﬁnwigsét 'eacl'?-lrlﬁ\]l R and the

third annulafethd@nidEpottionusiraiasstetdetaiknd-Cap seal 12 including a layer of the
second elastomer 54 extending between the inner face 56 and the outer face 58.

In the illustrated embodiment, the second elastomer portion 54 includes a single
layer disposed directly between and separating the first elastomer top layer 100
and the first elastomer bottom layer 102, wherein the second elastomer portion
54 extends adjacent to the inner surface 56 and the outer surface 58 of the seal
12.

[0041] Other embodiments include a cross-section of the seal 12 including
multiple elastomer layers. For example, similar to the embodiment of the seal
illustrated in FIG. 5, FIG. 18 illustrates an embodiment of the Metal-End-Cap seal
12 including a plurality of elastomer layers in the body 50 of the seal 12. In the
illustrated embodiment, the seal 12 includes the third elastomer portion 104, the
second elastomer portion 54 and the first elastomer portion 52. The third
elastomer portion 104 includes a single layer, the second elastomer portion 54
includes the second elastomer top layer 106 and the second elastomer bottom
layer 108 disposed about the third elastomer portion 104, and the first elastomer
portion 52 includes the first elastomer top layer 100 and the first elastomer
bottom layer 102 disposed about the second elastomer portion 54. Each of the
first elastomer portion 52, the second elastomer portion 54 and the third
elastomer portion 104 extends adjacent to the inner surface 56 and the outer
surface 58 of the seal 12. In other words, the seal 12 includes a plurality of

elastomer layers sandwiched between outer elastomer layers.

[0042] FIG. 19 illustrates an embodiment of the Metal-End-Cap seal 12 including
multiple nested elastomer layers similar to the embodiment of the cross-section
illustrated in FIG. 6. In the illustrated embodiment, the seal 12 includes the first
elastomer portion 52, the second elastomer portion 54 and the third elastomer



7. The system of claim 1, wherein one of the first, second, or third annular elastomer portions
comprises a first hardness of greater than about 90 Shore A Durometer, and a different one of the first,
second, or third annular elastomer portions comprises a second hardness of less than about 80 Shore
A Durometer. 8. The system of claim 1, wherein at least two of the first, second, or third annular
elastomer portions comprise a hardness of about 33 Shore A Durometer. 9. The system of claim 1,

wherein a first glass |on te erature of the first annular elastomer s abqut ten degrees

o more abgt LS00 e 4 RRIOHTEG ABEISRLA STAN & 0 dBHATR &R ion. and the

second glasthéraesitiog mnmm’urmafdhesaeoormblemmh@w&ies@mlemmertmmalb@atstemelegrees or

more above a third g s trgnsitio re of the thlr elast ortlon 0. The system
R R A e s AR il
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68, and the outer third elastomer portion 108 is immediately surrounded by the
outer second elastomer portion 66. Further, the inner third elastomer 106
includes a face adjacent the inner face 56 of the seal 12, and the outer third
elastomer portion 108 includes a face adjacent the outer face 58 of the seal 12.
Another embodiment of the Metal-End-Cap seal 12 may includes multiple
elastomers offset and integral to the body 50 (see FIG. 7), and the like.

[0043] In addition, to the previously discussed features, the seal 12 may
incorporate additional features to improve the seal. For example, embodiments of
the seal 12 include a cross-section including a plurality of indentations.
Indentations in the cross-section translate into grooves that extend about the
internal and external diameter of the seal (e.g., faces 56 and 58). The grooves
effectively create ridges that provide areas of increased contact stress to
maintain a fluid seal between the seal 12 and the internal and external bodies 14
and 16. For instance, FIG. 20 illustrates an embodiment of the seal 12 including
a plurality of indentations 160. The indentations include inner diameter
indentations 162 and outer diameter indentation 164. Further, the indentations
160 are disposed in a plurality of the elastomers. For instance, the indentations
160 may include annular grooves in the first elastomer portion 52 and the second
elastomer portion 54. In the illustrated embodiment of FIG. 20, the inner and
outer indentations 162 and 162 are generally symmetrical about an axis 160
running down the center of the cross-section of the seal 12. In other words, the
geometries of the indentations 160 are identical on the inner face 56 and the
outer face 58.

[0044] Other embodiments of the seal 12 include asymmetrical profiles on the
internal diameter and the external diameter of the seal 12. FIG. 21 illustrates an
embodiment including a Metal-End-Cap seal 12 having an asymmetrical profile
on the inner face 56 and the outer face 58. For example, the illustrated



the first, second, or third annular elastomer portions comprises a CAMLASTTM elastomer material.

12. The system of claim 1, wherein the annular seal interface is disposed along an inner circumference
of the annular seal body. 13. The system of claim 1, wherein the annular seal interface is disposed
along an outer circumference of the annular seal body. 14. The system of claim 1, wherein the first,
second, and third annular elastomer portions are vafcanized together. 15. The system of claim 1,
comprising at least one coaﬁgnent of a mineral exi tion stem hav mgéhe f |d seal i . The

system of cld ‘id\m‘?é}tei ‘?ﬁa}y&?a\m?&%ﬁlﬂgﬁ afH??és ﬁ\%aI Es?ﬁ%ln »and
responsiversss todiegiparaieneatidn. 154 ystieine wteprﬁamg58 of the seal 12. In other words,

the seal 12 cross-section includes a first geometry on the internal diameter and a
second geometry on the external diameter that is different from the first geometry.
Similar features may be incorporated into a variety of seals. For example,
embodiments include the asymmetric or symmetric profile employed in a T-seal,
an S-seal, and the like.

[0045] Although the above discussion focuses primarily on annular (e.g., radial)
seals 12, similar techniques may be employed in the design and use of face
seals. Face seals generally include seals 12 that provide a fluid seal between two
generally flat surfaces. For example, FIG. 22 illustrates an embodiment of a face
seal 12 in accordance with techniques of the present technique. The seal 12
includes the body 50, the first elastomer portion 52, the second elastomer portion
54, the inner face 56, the outer face 58, the top face 60 and the bottom face 62.
In operation, the top face 60 is mated to a first body and the bottom face 62 is
mated to a second body to provide a fluid seal between the first and second
bodies. Accordingly, embodiments include the addition of sealing features
conducive to sealing via the top and bottom faces 60 and 62. For example, as
illustrated in FIG. 22, the second elastomer portion 54 includes a top second
elastomer 170 adjacent the top face 60 and a bottom second elastomer 172
adjacent bottom face 62. Thus, the first elastomer portion 52 flanks the second
elastomer portion 54 in a similar manner to that discussed with regard to FIG. 2.

[0046] In another embodiment, the second elastomer portion includes a single
layer passing through the cross-section of the seal 12. For example, FIG. 23
includes an embodiment similar to those illustrated and discussed with regard to
FIGS. 4, 10, 13 and 17. As illustrated in FIG. 23, the seal 12 includes a first
elastomer portion 52, and a second elastomer portion 54. The second elastomer
portion 54 includes a single layer disposed between a first elastomer inner layer
176 and a first elastomer outer layer 178. The second elastomer portion 54
extends adjacent to the top face 60 and the bottom face 62 of the seal 12. Other
embodiments include the face seal 12 having cross-sections similar to those
discussed with regard to FIGS. 4-21.



a fluid seal having a seal body, comprising: a first seal interface; a first elastomer portion; a second
elastomer portion; and a third elastomer portion, wherein the first seal interface comprises the
first, second, and third elastomer portions, wherein the first, second, and third elastomer portions have
material properties that are different from one another, wherein the first, second, and third elastomer
portions are disposed in a first nested arrangemeng@long the first seal interface, the first nested

arrangement has the first astomer on exten artially around second lastomer portion to
the fa: seal MTEoH, P DSBS B BB BHC BTt 4 8 Ao Bl angement

has the secondwblaatmn@f pwgwmmaMQrmt@bmarmmmwmsw adidrsteathe first seal
interface on cpposne ﬁldes of the thir elasttomer %ortlor|1 gnd theI seicond %Iastomer HP”'OQ has a
U-shape. 2 example, each séparate porfion may include an elastomer having a d

hardness, stiffness or glass transition temperature. Further, embodiments may

include combinations of the embodied cross-sections. For example, an

embodiment includes a cross-section including a profile similar to FIG. 2 at the

inner face 56, and a cross-section including a profile similar to FIG. 6 on the

outer face 58.

[0048] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the scope of the invention as defined by the following

appended claims.



18. The system of claim 17, wherein the first seal interface has one or more engagement portions. 19.
The system of claim 17, wherein the seal body comprises: a second seal interface disposed on an
opposite side of the seal body from the first seal inggyface; a fourth elastomer portion; and a fifth
elastomer portion, wherein the second seal interface comprises the first, fourth, and fifth elastomer
portions, wheemme first, fourth, and fifth elastomer portions have material properties that are
different from one another, wherein the first, fourth, and fifth elastomer portions are disposed in a
second nested arrangement along the second seal interface, the second nested arrangement has the
first elastomer portignsgxtendiserigiéaty:around the fourth elastomer portion to the second seal
interface on opposite sides of the fourth elastomer partion, and the second nested arrangement has

the fourth elastome? JHIF G RXAYRADAIAN 3L S EALPRRY it BRI Eer portion to the second seal
interface on opposigh sides et tealiitiaiRsiomeringrone. oRthdsrsigaycrrsmpiRg msfluid seal having

a seal body, comprising: .

a first annular elastomer portion;

a second annular elastomer portion; and

a third annular elastomer portion, wherein the annular seal interface
comprises the first, second, and third annular elastomer portions, wherein the
first, second, and third annular elastomer portions have material properties
that are different from one another, wherein the second annular elastomer
portion comprises a U-shaped cross-section disposed in a first annular recess
in the first annular elastomer portion, the third annular elastomer portion is
disposed in a second annular recess in the second annular elastomer portion,
and opposite ends of the U-shaped cross-section of the second annular
elastomer portion are disposed along the seal interface on opposite sides of

the third annular elastomer portion.

2. The system of claim 1, wherein the material properties comprise
hardness, chemical resistance, porosity, responsiveness to temperature,

responsiveness to pressure, or a combination thereof.

3. The system of claim 1, wherein the first, second, and third annular
elastomer portions are effective to seal at respective first, second, and third
temperatures, wherein the first temperature is greater than the second
temperature and/or the second temperature is greater than the third

temperature.

4. The system of claim 1, wherein the second annular elastomer portion is
effective to seal at a first temperature below a first glass transition
temperature of the first annular elastomer portion, or the third annular
elastomer portion is effective to seal at a second temperature below a second

glass transition temperature of the second annular elastomer portion.



a first metal end cap disposed along a first axial end portion of the seal body; a second metal end

cap disposed along a second axial end portion of the seal body; a first elastomer portion
extending between the first and second metal end ggps; a second elastomer portion having a
U-shape disposed within the first elastomer portion; and a third elastomer portion disposed within

the U-shape of the second elastomer portion; and a seal interface comprising the first, second, and

third elastomer portions, wherein gpposite ends of the U-shape of the second elastomer portion
extends alorﬁ; the s isisiae of claim 1, wherein the first, second, and third annular

elastomer portions have respective first, second, and third hardnesses,
wherein the first hardness is greater than the second hardness and/or the

second hardness is greater than the third hardness.

6. The system of claim 1, wherein the first annular elastomer portion
comprises hydrogenated nitrile butadiene rubber (HNBR) and the second
annular elastomer portion comprises nitrile rubber (NBR), or the second
annular elastomer portion comprises the HNBR and the third annular

elastomer portion comprises the NBR.

7. The system of claim 1, wherein one of the first, second, or third annular
elastomer portions comprises a first hardness of greater than about 90 Shore
A Durometer, and a different one of the first, second, or third annular
elastomer portions comprises a second hardness of less than about 80 Shore

A Durometer.

8. The system of claim 1, wherein at least two of the first, second, or third
annular elastomer portions comprise a hardness of about 90 Shore A

Durometer.

9. The system of claim 1, wherein a first glass transition temperature of
the first annular elastomer portion is about ten degrees or more above a
second glass transition temperature of the second annular elastomer portion,
and the second glass transition temperature of the second annular elastomer
portion is about ten degrees or more above a third glass transition
temperature of the third annular elastomer portion.

10. The system of claim 1, wherein the first, second, and third annular

elastomer portions comprise CAMLAST™ elastomers.

11.  The system of claim 1, wherein one of the first, second, or third annular
elastomer portions comprises a DUROCAM™ material and a different one of
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the first, second, or third annular elastomer portions comprises a CAMLAST™

elastomer material.

12.  The system of claim 1, wherein the annular seal interface is disposed

along an inner circumference of the annular seal body.

13.  The system of claim 1, wherein the annular seal interface is disposed

along an outer circumference of the annular seal body.

14.  The system of claim 1, wherein the first, second, and third annular

elastomer portions are vulcanized together.

15.  The system of claim 1, comprising at least one component of a mineral
extraction system having the fluid seal.

16. The system of claim 1, wherein the material properties comprise

hardness, chemical resistance, and responsiveness to temperature.

17. A system, comprising:

a fluid seal having a seal body, comprising:

a first seal interface;

a first elastomer portion;

a second elastomer portion; and

a third elastomer portion, wherein the first seal interface comprises the
first, second, and third elastomer portions, wherein the first, second, and third
elastomer portions have material properties that are different from one
another, wherein the first, second, and third elastomer portions are disposed
in a first nested arrangement along the first seal interface, the first nested
arrangement has the first elastomer portion extending partially around the
second elastomer portion to the first seal interface on opposite sides of the
second elastomer portion, the first nested arrangement has the second
elastomer portion extending partially around the third elastomer portion to the
first seal interface on opposite sides of the third elastomer portion, and the
second elastomer portion has a U-shape.
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18. The system of claim 17, wherein the first seal interface has one or

more engagement portions.

19.  The system of claim 17, wherein the seal body comprises:

a second seal interface disposed on an opposite side of the seal body
from the first seal interface;

a fourth elastomer portion; and

a fifth elastomer portion, wherein the second seal interface comprises
the first, fourth, and fifth elastomer portions, wherein the first, fourth, and fifth
elastomer portions have material properties that are different from one
another, wherein the first, fourth, and fifth elastomer portions are disposed in
a second nested arrangement along the second seal interface, the second
nested arrangement has the first elastomer portion extending partially around
the fourth elastomer portion to the second seal interface on opposite sides of
the fourth elastomer portion, and the second nested arrangement has the
fourth elastomer portion extending partially around the fifth elastomer portion

to the second seal interface on opposite sides of the fifth elastomer portion.

20. A system, comprising:

a fluid seal having a seal body, comprising:

a first metal end cap disposed along a first axial end portion of the seal
body;

a second metal end cap disposed along a second axial end portion of
the seal body;

a first elastomer portion extending between the first and second metal
end caps;

a second elastomer portion having a U-shape disposed within the first
elastomer portion; and

a third elastomer portion disposed within the U-shape of the second
elastomer portion; and a seal interface comprising the first, second, and third
elastomer portions, wherein opposite ends of the U-shape of the second

elastomer portion extends along the seal interface.



