PRESSURE ENERGIZED INTERFERENCE FIT SEAL 1. Field of the Invention: [0001] This invention
relates in general to production of oil and gas wells, and in particular to a seal assembly for use
between wellbore tubulars. 2. Description of Related Art [0002] Wellheads used in the production of
hydrocarbons extracted from subterranean formations typically comprise a wellhead assembly
attached at the upper end of a wellbore formed into a hydrocarbon producing formation. Wellhead
assemblies usually provide support hangers for suspending production tubing and casing into the
wellbore. The casing lines the wellbore, thereby isolating the wellbore from the surrounding formation.
The tubing typically lies concentric within the casing and provides a conduit therein for producing the
hydrocarbons entrained within the formation.
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2. Description of Related Art

[0002] Wellheads used in the production of hydrocarbomiaeted from subterranean formations
typically comprise a wellhead assembly attachethatupper end of a wellbore formed into a
hydrocarbon producing formation. Wellhead assessbiisually provide support hangers for
suspending production tubing and casing into thidoaxs. The casing lines the wellbore, thereby
isolating the wellbore from the surrounding forroati The tubing typically lies concentric within

the casing and provides a conduit therein for pcodyuthe hydrocarbons entrained within the

formation.

[0003] Wellhead assemblies also typically include a wektheousing adjacent where the casing and
tubing enter the wellbore, and a production tre@ #te wellhead housing. The production tree is
commonly used to control and distribute the flumleduced from the wellbore and selectively
provide fluid communication or access to the tubgaging, and/or annuluses between the tubing
and casing. Valves assemblies are typically pexviavithin wellhead production trees for
controlling fluid flow across a wellhead, such asduction flow from the borehole or circulating

fluid flow in and out of a wellhead.



[0003] Wellhead assemblies also typically include a wellhead housing adjacent where the casing and
tubing enter the wellbore, and a production tree atop the wellhead housing. The production tree is
commonly used to control and distribute the fluids produced from the wellbore and selectively provide
fluid communication or access to the tubing, casing, and/or annuluses between the tubing and casing.
Valves assemblies are typically provided within wellhead production trees for controlling fluid flow
across a wellhead, such as production flow from the borehole or circulating fluid flow in and out of a
wellhead. [0004] Seals are used between inner and outer wellhead tubular members to contain
internal well pressure. The inner wellhead member may be a tybing hanger that suppaorts a strin
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operating temperatures seals that mclude elastomeric material may necessarily have a truncated life.
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the temp rat e range elastomeric seals may be lastomeric materials are also
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exposed to certain chemicals
forming metal-to-metal seals are also employede Sdals may be set by a running tool, or they may

be set in response to the weight of the strin@siirg or tubing. One type of prior art metal-totahe
seal has inner and outer walls separated by aawmiat. An energizing ring is pushed into the slo
to deform the inner and outer walls apart intoisgadngagement with the inner and outer wellhead
members. The deformation of the inner and outds\waceeds the yield strength of the material of

the seal ring, making the deformation permanent.

[0006] Because elastomers can degrade when subjectextéased operating temperatures, seals
that include elastomeric material may necessaailieta truncated life. Also, material properties of
elastomers vary more than materials with lessieigstthereby limiting the temperature ranges in

which elastomeric seals may be employed. Elastemeterials are also prone to fracture when

subjected to rapid gas decompression and may snedigrade when exposed to certain chemicals.



Metal to metal seals also have a shortcoming in that the forces required for setting or energizing the
seal may be difficult to generate in some wells, such as those subsea. Summary of the Invention:
[0007] Disclosed herein is an example of a seal assembly for use between wellbore tubulars. In an
example embodiment, the seal assembly includes an inner seal ring partially circumscribed by an
outer seal ring. The inner and outer seal rings having opposing surfaces that are profiled oblique to an
axis of the tubulars. The outer seal ring inner radial surface is in sliding contact with the inner seal ring
outer radial surface. When the seal assembly is set between the tubulars and opposing axial forces
are applied to Iateralﬁei]gggéof he outer seal ring and inner seal rin%, thl‘(?aéj?ner and outer seal rin% slide

against dAERUREIEE SROFYEASNP 'R AERRCLHBHERURS foRaP A SPRigigg the
assembly contacts an inney tubular and an outer radiys of é&e seal assembly contacts an outer tubular
and sealf BIFRACER IO R AP LG SOBF M SRR RS R WBcRars. A spring assembly can be
included that applies an axial force on one of the lateral ends of the outer seal ring or inner seal ring.
The spring assembly can be a resilient member, such as a Belleville washer, a stack of Belleville
washers, wave spring washers, coiled springs or combinations thereof. In an example embodiment,
the inner and outer seal rings can be inelastic and include substances such as graphite, a
fluoropolymer, or combinations thereof. In an example embodiment, lateral rings can be provided on
distal surfaces of the inner ring and outer ring. In an example embodiment, an intermediate ring is
disposed between at least a portion of the inner radial surface of the outer ring and the outer radial
surface of the inner ring. The intermediate ring can have a hardness greater than a hardness of the
inner and outer rings. In an example embodiment, the intermediate ring is a coating on each of the
inner radial surface of the outer ring and the outer radial surface of the inner ring.



[0008] Also disclosed herein is a wellhead assembly. In an example embodiment the wellhead
assembly is made up of an outer tubular, an inner tubular inserted within the outer tubular, an annular
space defined between the inner and outer tubulars, a seal assembly in the annular space and
between axial supports coupled with at least one of the inner or outer tubular. The seal assembly
includes an inner seal ring having an inner radial surface in selective contact with a portion of an outer
radial surface of the inner tubular. Also included with the seal assembly is an outer radial surface
profiled at an angle oblique to an axis of the wellhead assembly and an outer seal ring having an outer
radial surface in selective contact with a portion of an inner radial surface of the outer tubular and an
inner radtainsonday efpitodil@dent som:angle oblique to an axis of the wellhead assembly. The profile of the
inner radial surface of the outer seal ring corresponds to the outer radial surface of the inner seal ring,
so that when the inner tubular is inserted into the outer tubular and axial forces are applied to the seal
assembl{PRY thPisGgsEANGHRINR AN FrABIE YPRRARSSRRPIE P@éW@@(\)@%@QEﬁ)HéB%@sﬁﬂiﬁ@
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disposed between at least a portion of the inrtbakraurface of the outer ring and the outer radial
surface of the inner ring. The intermediate ring bave a hardness greater than a hardness of the
inner and outer rings. In an example embodiméaetjritermediate ring is a coating on each of the

inner radial surface of the outer ring and the oradial surface of the inner ring.



Brief Description of the Drawings: [0010] Figure 1 is a side partial sectional view of an example
embodiment of an un-energized seal for use with wellbore tubulars in accordance with the present
invention. [0011] Figure 2 is a side sectional view of an example embodiment of the seal of Figure 1 in
an energized configuration in accordance with the present invention. [0012] Figure 3 is a side sectional
view of an example embodiment of a wellhead assembly having a seal in an assembled configuration
in accordance with the present invention. [0013] Figure 4 is a side sectional view of an alternate
embodiment of a wellhead assembly having a seal in an assembled configuration in accordance with

the present invention,. . _
[0008] Also disclosed herein is a wellhead assembly. nixample embodiment the wellhead

assembly is made up of an outer tubular, an inverar inserted within the outer tubular, an annula
space defined between the inner and outer tub@aaesl assembly in the annular space and between
axial supports coupled with at least one of theirar outer tubular. The seal assembly includes an
inner seal ring having an inner radial surfaceeleative contact with a portion of an outer radial
surface of the inner tubular. Also included whik seal assembly is an outer radial surface pdofile
at an angle oblique to an axis of the wellheadrabeand an outer seal ring having an outer radial
surface in selective contact with a portion ofrarer radial surface of the outer tubular and aeiin
radial surface profiled at an angle oblique to @8 af the wellhead assembly. The profile of the
inner radial surface of the outer seal ring coroesis to the outer radial surface of the innerrseg|

so that when the inner tubular is inserted intcotiter tubular and axial forces are applied tctdad
assembly by the supports, the inner and outerisegl slide into respective positions. The sliding
action of the inner and outer rings forms sealintgrfaces between the inner radius of the inngr rin
and a portion of an outer radius of the inner tabahd between the outer radius of the outer ring
and a portion of an inner radius of the outer tabhuln an example embodiment, at least one of the
supports is a resilient member. In an example elinfent, the wellhead assembly further includes a
groove formed in the outer radius of the inner tahwherein the seal assembly is disposed in the
groove and upper and lower edges of the groove deenpupports for the seal assembly. In an
example embodiment, the inner and outer seal gagb include a compliant material, so that when
the axial forces are applied to distal ends ofitimer and outer seal rings, the inner radius of the
inner seal ring bulges radially inward to form #ealing interface with the inner tubular and the

outer radius of the outer seal ring bulges radmlityvard to form the sealing interface with thesout
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Detailed Description of the Invention: [0014] The apparatus and method of the present disclosure will
now be described more fully hereinafter with reference to the accompanying drawings in which
embodiments are shown. This subject of the present disclosure may, however, be embodied in many
different forms and should not be construed as limited to the illustrated embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in the art. Like numbers refer to like elements
throughout. For the convenience in referring to the accompanying figures, directional terms are used
for reference and illustration only. For.example, the directional terms such as "upper”, "lower", "above",
“below”, WrIAe IkBLFEHERIG TOOL MR G ANR %H*Pé%%ﬁ%o?{e[é@ﬁéﬂ? i%%%%‘ﬁégpﬁﬂ%%at
the subject of the present disclosure is not limited to the exact details of construction, operation, exact
materialéyb\ngmbodiments shown and described, as modifications and equivalents will be apparent to
one skilled in the art. In the drawings and specification, there have been disclosed illustrative

embodimeig oAl mdRiaekdSEIRBtRREr sEhRvg RsRERlfIEHEWERWRMER HBYIaFS Uprddn a

generic and descriptive sense only and not for the purpose of limitation. Accordingly, the subject
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illustrates one example embodiment of a seal assembly tween inner and outer tubulars 12, 1%
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hanger for a tubular or an isolation sleeve, whereas tubular 14 can be a hanger for a tubular or a
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contact with the inner seal ring outer radial stefaThe seal assembly is set between the wellbore
tubulars and an axial length of the seal assershiyaintained by applying axial loads to opposing
lateral ends of the seal assembly. The applieal &oads bulge out at least one of an inner radial
surface on the inner seal ring and an outer ragidhce of the outer seal ring to form a sealing
surface between the seal assembly and at leasf tmeetubulars. In an example embodiment, prior
to disposing the seal assembly between the tubulerseal assembly width exceeds a width of a
space between the wellbore tubulars, and as tikaistare set in place the inner and outer segs rin
axially slide a designated distance in oppositeddions along the inner and outer radial profiles.

an example embodiment, the designated distanadirsed by the position of where the axial loads
are applied to the seal assembly. In an exampb®diment, the inner and outer seal rings include
an inelastic substance that can be graphite, eofiodymer, or combinations thereof. In an example
embodiment, the wellbore tubulars are inner androuméllbore tubulars, and a groove is formed on
an outer radial surface of the inner wellbore tabudnd wherein the seal assembly is providedein th

groove.



also may be disposed within a wellbore. The configuration of the seal assembly 10 of Figure 1 is in an
unenergized state and thus not providing a sealing function between the respective tubulars 12, 14.
Figure 1, in an example embodiment, illustrates a step of assembling a wellhead assembly where the
respective inner and outer tubulars 12, 14 are not in their assembled positions. As shown, the seal
assembly 10 is disposed at a location along an axis Ax of the tubulars 12, 14 adjacent a portion of the
outer tubular 14 and with the inner radius 16 of the outer tubular 14 extending radially outward from a
shoulder 18 to define an enlarged annular space therebetween. The shoulder 18 of Figure 1 is shown
formed where the radius of the outer tubular 14 changes abruptly and then slopes radially inward and
transitiordr tef &resoneticdasiEDolasends the axis Ax than inner radius 16. In an example embodiment
and for purposes of reference, the inner radius 19 is below the shoulder 18. [0017] Still referring to
Figure 1, the outer radius 20 of the inner tubular 12 is shown having a groove 22 formed along a
portion &Q%%@%'f&n%l IRASIHPPREHHIRESHINA WRW Pk REBRR G diRER ﬂﬁé‘%é@'%@%éﬂﬁtﬁg 2
supported. The seal assembly 10 is shown having an inner seal ring 24 set within the groove 22, so
that an itV PENMIE Yeetipare PR LI ARGOSAAUE IR REEFRNHAKE LiRfce of the groove 22.
Optionally, a slight interference fit may exist between the inner seal ring 24 and inner surface of the
groove | sufac gﬁ [y @i?é\nlirﬁ%[ ' f i ﬁl.| 26
and teré@%%fﬁj@hégﬂ%r%a% |L(195fso tag{%s Xi?vge%tzll??]rrlg 24. IE@W@?W% %r%h%ésmaﬁ}gﬂ@eﬂr?réaﬁa L?l'}rface
30 thati jled t ig}ﬁﬁq j s-section is generally oblique to the
axis Ax.%/%?g §$§%$U%%%|§%§%@%%@é a ringg n2(%4{1(%§/hich is affected by the profile of the
outer radial surface 30, increases proximate to the lateral surface 28. In the embodiment of Figure 1,
the oute0eulFigfrcs iSQiisitsseeisoing inewrofahus am pleduitiendsfebliglirbadrd sadibijyhapite a
transition 31. The remaining portion of the outer radial surface 30, up to the lateral surface 28,
extends steninaaplassepeblechty mfayatkalontin Huzaxdardetive present invention.

[0013] Figure 4 is a side sectional view of an alternatb@liment of a wellhead assembly having a

seal in an assembled configuration in accordantetive present invention.



[0018] An outer seal ring 32 is shown circumscribing a substantial portion of the inner seal ring 24. The
outer seal ring 32 includes an inner radial surface 34 that has a profile corresponding to the profile of
the outer radial surface 30 of the inner seal ring 24. As such, the inner and outer seal rings 24, 32 may
slide in an axial direction along the surfaces 30, 34 with respect to one another when disposed in the
configuration of Figure 1. An example embodiment exists where the angle at the intersection of the
inner ring inner radius 26 and inner ring outer radial surface 30 is at least 22. Similarly, an example
embodiment exists where the angle at the intersection of the outer ring outer radial surface 38 and
outer ring inner radial surface 34 is at least 22. The outer seal ring 32 includes a lateral surface 36
shown |albepedyl qubOpesnd jotiker @b ttiesl axentdonand distal from the lateral surface 28 of the inner seal ring
24. The outer seal ring 32 also includes an outer radial surface 38 shown distal from the inner radius

26 of theyipngy #Rg %‘bﬁé}%tﬁ‘ébéﬁi‘%bhéﬁ%ﬁ%\éﬂﬁ}é@@Eﬂxéﬁs%P&eﬁll%‘EbW Pus GAHIatABr Ry

thickness or width of a cross-section of the seal assembly 10 is greater than the depth of the groove
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transition 31 on the inner seal ring 24, a transition wn provided on the inner radial surface 34
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surface to one that is largely parallel with the axis Ax. By virtue of thetransitions 31, 40 each of the
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section. However, embodiments exist wherein neither of the inner or outer seal rings 24, 32 include a
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intermediate ring 42 is illustrated in the embodiment of the seal assembly 10 of Figure 1 and shown
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embodiment, the intermediate ring 42 is a separate member that coaxially inserts between the inner
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applied coating on their respective inner and outer radial surfaces 26, 34 that make up the

interme il AIB A only* FBPIS AMAHREIa 15Tl i dRRPEEGC AU F SR FNASIRAY 32HBGR 0D BIGIRTiaR that

are pliable. Embodiments also exist wherein the rings 24, 32 are formed from an inelastic material,

thereby ayeislacrEQRipmNaERUIRLtarA PédBarREAEAN due to prolonged exposure to high
temperatures. Specific material examples for the inner and outer seal rings 24, 32 include graphite,

compression molded graphite, fluoropolymers, including polytetrafluoroethylene and other fluoro
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the seal rings m exfrudirlg out when subjecte axial or ra loads. Example materials of
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specific applications vary. A spring assem shown in the example embodiment o
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example of Figure 1, the spring assembly 48 whic e any resilient mem IS made up of a
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sandwiche ween the lower end o roove 22 and outer seal ring lateral surface 36."Because
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the scope of the appended claims.

[0016] Figure 1 illustrates one example embodiment obhassembly 10 between inner and outer
tubulars 12, 14 and shown in a side sectional viewthe example of Figure 1, tubular 12 can be
respectively a hanger for a tubular or an isolasileeve, whereas tubular 14 can be a hanger for a

tubular or a production tree. The tubulars 124 be included within a wellhead assembly and

-8-



axial length (or height) of the distance between the opposing lateral surfaces 28, 36 may vary as the
inner and outer seal rings 24, 32 slide on one another. In the unenergized configuration of Figure 1,
the distance between the lateral surfaces 28, 36 is such that the spring assembly 48 may be in a
relaxed state thereby occupying more space than in an unrelaxed state. [0021] Referring now to
Figure 2, inner tubular 12 and seal assembly 10 have been axially moved so that the inner radius 19 is
adjacent the outer radial surface 38 of the outer seal ring 32. Because the inner radius 19 of the outer
tubular 14 now occupies space occupied by a portion of the outer seal 32 of Figure 1, by reconfiguring

th t h in Fi 2, th t | ring 32 is. f d radially | d thatin turn

generatcep (BRI B AISHAP RSN AT Tind TP £ GfabtomPH Hom g d s n
surface 36 of the lower seal rin d towards the spring assembly 48. The dimensions of the groove
22 of FigthDEI1E QlAe ARSI et oA DERABk R IR LA PR eSS LB iRl i Bt L2.
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inner and outer seal rings 24, 32 are able to axially slide with respect to one another. The force Fp

producesgesy!ta R ryviedireatedoindiatyonisvwakadr pmdheisuler $2akrsibih agingt she

outer tubular 14 and radially inward from the inner radial surface 26 of the inner seal ring 24 against

the innergigiant3ofncnslbrty ApdRfsRasatiergas sdriie dUrpiRae (% AP hasgroove 22

communicated to the gap 53, the sealing forces increase with increasing wellbore pressure. Similarly,

in the ev@iRepd thBrESSHSSENDE rEYigR @siierrit TR &esRaRFITTHEN R NRIVE aRGsIEddal ivyzap

53, a resulting force Fp exerted on the lateral surface 28 of the inner seal ring 24 also may generate

resultantsier ogthinRHbBajrwrease ssthehaagniiie edderoptassnirpeabptiie ZeabassaohiA®inner
surface of the groove 22. Optionally, a sligherfgrence fit may exist between the inner seal ring
24 and inner surface of the groove 22. A latenalase 28 of the inner ring 24 projects radially
outward from the inner radius 26 and terminatesatuter radius of the inner seal ring 24. Thé sea
ring 24 has an outer radial surface 30 that isilpibfo extend along a plane that when viewed in
cross-section is generally oblique to the axis More specifically, the radial thickness of tleals
ring 24, which is affected by the profile of thet@uradial surface 30, increases proximate to the

lateral surface 28. In the embodiment of Figuréh&,outer radial surface 30 intersects the inner

radius 26 and extends obliquely and radially upti@nsition 31. The remaining portion of the oute
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[0023] Optionally, the lower end of the groove 22 can be a support ring 54 mounted to the inner tubular
12 along a connection 55. Where the connection 55 can be a threaded connection, a weld, a press or
interference fit, or other attachment means. In an example of installing the seal assembly 10 between
the tubulars 12, 14, components of the seal assembly 10 are set onto the inner tubular 12 prior to
adding the support ring 54. More specifically, the components of the seal assembly 10 can be slid onto
the inner tubular 12 in the following order (1) the spring assembly 48, (2) lateral ring 44, (3) inner seal
ring 24, (4) intermediate ring 42 (in embodiments having the intermediate ring 42 separate from the
seal rings %_4, 32)@(r§éfuter seal ring 32, lateral ri%%%. When the comé)onen of tféj} ieal assembly 10

are put JAHR FESRIE0IP T ipBbARG S ARIRS RPN RRN da TR bp Al D8 ARl the

seal assembly 10. In optional embodiments when the spring assembly 48 is a coil spring, a stiffener
ring (not%hown) may be included for distributing the spring load. With the seal assembly 10 and
support ring 54 in place, the inner tubular 12 can be inserted within the outer tubular 14. [0024] In one

examp'ﬁ@ﬁi%?%iﬁ‘@ﬂ‘fe%@bﬁ ﬁﬁ&'s%séeéHBWnlarHﬁﬁ%HFi61H&%ﬁﬂﬂa@sﬁ%ﬁ%ﬁ')ﬂﬁﬁélsirﬁﬂé?"geéﬂrﬁaéiﬁlﬁ.

sectional view in Figure 3. In this example, the wellhead assembly 56 includes a production tree 58

mountediop WelheadhiAHgING GRANLWERTRHE BRRIERHA A NS RN GO MbIAVIB %R

string of tubing 62 depending from its lower end. As such, the seal assembly 10 is provided in an outer
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embodiment, the spring assembly 48A is shown in a side perspective view in Figure 2A. In this
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illustrated in Figuré 2A or may be made up of a stack of individual wave washers and set in

combinagim yaHy these e OngPEIBBEdResH Sasa Haeiadiisgrnsy had

outer seal rings as disclosed herein is the low friction between these two members thereby providing
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allows for the rings to move easily relative to one another and as such further maximizing the radial
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and at ele\piedUREHRESBHR outer ring inner radial sefad is at least 22°. The outer seal ring 32idtes
a lateral surface 36 shown largely perpendicul#neaxis A and distal from the lateral surface 28
of the inner seal ring 24. The outer seal rin@l3® includes an outer radial surface 38 showaldist
from the inner radius 26 of the inner ring 24 anldstantially aligned with the axis<A Also in this
configuration, the thickness or width of a crosstiem of the seal assembly 10 is greater than the
depth of the groove 22 so that the outer radidhsar38 contacts the shoulder 18 above the inner
radius 19. Similar to the transition 31 on thegingeal ring 24, a transition 40 is shown provided
the inner radial surface 34 of the outer seal 2Pdwiines a location where the surface 34 changes
from an obliquely angled surface to one that igégr parallel with the axis A By virtue of the
transitions 31, 40 each of the inner and outer segs 24, 32 thereby proximate a rectangular
section combined with a triangular section. Howgeenbodiments exist wherein neither of the

inner or outer seal rings 24, 32 include a tramisiind thus have a substantially triangular cross-

sectional configuration.
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Further simplicity is realized with the present example in that it relies on variations in wellbore pressure
to generate the sealing force required during these high pressure events. The materials also allows for
operation at high temperatures such as in excess of 400 F and also at cryogenic temperatures well
below -20 F. The inelastic materials can mitigate seal failure from explosive decompression and allow
rapid bleed down of annulus pressures, and also mitigate risk of material degradation or swelling due
to chemical attack. The seal may be included with the tubular on which it is located or it can be set with
a running tool. Although shown in the embodiments as being in a groove on an inner tubular, alternate
embodiments exist wherejn the seal assembly 10 can be between inner and outer respective radiuses
of conce T AARIGH BERTIEA S AR R AR BhE TP RITATHE ATEAREAL oy e Lho!
annular channe| provided in an quter tubular 00264&5 advantage of embodiments fthe seal
assembl{/ /@8 dsd %YI‘IIQ'&I’I‘éIf’ﬁII?E&H‘é RSy ﬁP@&&u”r@gHé?SIz%EgW{ﬁéﬁﬁﬁéI%ozéu%& {Ral

rings 24, 32 interfacing to ag; as aw dge The seal asserg%%can thus have a low interfa e stress

when seP3§ RIETRrELRIGAER c} fy PUGPES RIS S0 B%%%FBE'H%%H%&Q&% Y% PRE ure
intorace TLER IR NGO, o RamH S AR laaoth LE e B 45 S Letuing
ocs (elEA o ERLR E AL bR ﬁiﬁ‘eg't'éﬁi; ORISR L IBr50) Aotk 34 408be
fom s A1E BIRUlFo BNbipzct %%trte'%?ﬂ"’ads 0 5 VS B e o 22

bi-di If d d surfac
fnish (N OEIOE AR A NI ol LS TR By R LT PV R AL BT o
[ f urf 0027]. Provide Fi I
b h 81 LT Bl ok S h@fﬁao?&é‘rg%&%@ioﬁ%% fARSr3ha Bt s R piosaes
bodi he lat I 44A h lar sh
%Te?r;?%%‘sé.tfici Rl TR R e T e B e
substantlall I?ularwnh the inner us of the ve 22. The outer raI Ierface%Ii
TR i el dng palvict

lateral rlng I|que “RMRE3RI ”A@?%I e%gﬁasefro PHE Towel end't T radiar surfate of

the lateral r %‘ to the og)ter ra |51I end of the upper lateral surface of the Iateral ring 44A.
[

Combinét With the |n Crniadiate Th rlng %4Ais a wedge shaped lateral ring 45 having an oblique inner

radial surface shown set against the oblique outer radial surface of the intermediate ring 44A. The

outer radig Ry roptAINGERR T G184 2 6%5E RAGNHA Y RIRsMithlRe At S 28206 s fRMRIRST Al

surface is substantially normal to the axis Ax. Also shown in Figure 4, the lateral surface 36A of the

outer segh&ifith82Ans GtiAcestIthedaterabping HéAargximetesthaseniiner RepRIARIM AR A@Nditys; inner

ring lateral surface 28A is proximate the lateral ring 46A distal from the spring assembly 48A. As such,

the portieaPsihprendediaia ERasieARIRes b2 alaiareoer denrrireial 'etind y eatwagd 93 the
portion of the intermediate ring 42A adjacent the lateral ring 44A. [0028] An inlay 25 is shown on the

inner radigrsWkacRIiPhtba i MRISeahjeaEed46 HaAMING ARERITEINEXaMAIeSH RPN oftHRN| gXaaIRIRgS
embodiment the inlay 25 extends along the entire circumference of the inner radial surface of the inner

seal ring42446 IncRiiepulphe efsresbmast tassimu e iRl radnaielihtavasa At YpbiR&lons

hardness than that of the inner seal ring 24A. The inlay 25 may be continuous or split. An example
embodinery. inckisiasthesarmpneignsBRINMEH SRaleiasa b it avitle Fidh reinlay RSetldiea0sitry Gepe

ring 32A of Figure 4 also includes an inlay 33 set in its outer radial surface. An example embodiment
includes [therarepgiar i éneatsseal ntgng dabtieihey idhednsayfdde 28. In the example of Fegur
1, the spring assembly 48 which can be any resitiember, is made up of a series of stacked
Belleville washers 50 in a relaxed or unflexedestaFurther, the lateral ring 46 is sandwiched

between the lower end of the groove 22 and outdrise lateral surface 36. Because the inner and

outer seal rings 24, 32 may slide with respect® another along their radial surfaces 30, 34 the
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[0029] The lateral ring 46A of Figure 4 also has a triangular or wedge shaped cross section wherein its
upper lateral surface disposed adjacent the inner ring lateral surface 28A is substantially perpendicular
with the axis Ax and its outer radial surface facing the outer tubular 14 is substantially parallel with the
axis Ax. The lower lateral surface of the lateral ring 46A extends in an oblique direction from an inner
end of the upper lateral surface to the outer to a lower end of the outer radial surface. A retainer ring
62 is shown circumscribing the inner tubular 12 on a side of the seal assembly 10A distal from the
spring assembly 48A. In the example embodiment of Figure 4, the retainer ring 62 has a "C" shaped

e SRR BTG B4 SF G G E PSS A PP D SRR A5 26 YRR e
lateral side of the support ring 62 facing the seal assembly 10A is profiled along a line obligque to the
i R B R e b e e e R A
ing 62 i ted tal | 64 sh ted izi ing 66, both of which

ring ﬁgs%ﬁ%(ire n a meta Se? ﬂfﬁﬁ.wn mounte Qv%%n gner izing rin oth o ich are

also in t IS A VEE RS HR 2fi8%oaterTEaRLR! Be FPle R SBTARDEAN @
elongate ir?ner le conhactingﬁthe inner tubular 12 and an .elor%%%te outer leg contacting the outer
tubular 1% K i ﬁr&b QEHSHINEN UG EBRRS L A0 ter legs and has an upper

lateral side set against the support ring 62. The energizing ring 66 has an elongate mid portion that

Inserts ingnine RRASEINGHYGAD IBGIRES! ARdAUIRIIEIS BRI HAY BPdvd HARELIRE Ribved so

circumscribes the outer circumference of the energizing ring 66 on itS lower end. A retainer ring 70

shown threadiRoRIFRSHRRE MotREMABE NS ke diaRiA e dgeoF AP BaEIRSPRACD . ik amenerally

planar upper surface, wherein the energizing ring 66 and wiper ring 68 are supported on the upper

e Kl sosrme 54 W1 i o v o s

various GiagareWithoutasragtinadre femperraQfd8aHYEYIRR 2, the outer seal ring 32 is forced
radially inward that in turn generates a resultaial force to urge the inner seal ring 24 in a
direction away from the lateral surface 36 of thedr seal ring and towards the spring assembly 48.
The dimensions of the groove 22 of Figure 2 aoh sliat the axial movement of the inner seal ring
32 compresses the spring assembly 48 therebynngemerating a spring force Ehat transfers
through the lateral ring 44 and into the inner antér seal rings 24, 32. A counter spring forgésF'
generated from the lateral ring 46 in a directippasite spring forced= As these opposingly
directed axial forces exert a compressive forcenagthe seal rings 24, 32 thereby creating a fadia
bulge that produces contact between the innersétwf the inner seal ring 24 and the inner radial
wall of the groove 22. Similarly, there are radialges created on the outer radial surface 38eof t
outer seal ring 32 thereby urging the outer seg 82 into contact with the inner radius 19 of the
outer tubular 14. The spring force fF's) exerted into the seal assembly 10 produces geritic

sealing to prevent leakage across the seal assé@bhjow differential pressures across the dxis o

the seal assembly 10. A sealing surface 52 isxé@fbetween the outer seal ring 32 and outer
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Claims What is claimed is: 1. A seal assembly for use between wellbore tubulars comprising: an inner
seal ring having an outer radial surface profiled oblique to an axis of the tubulars; and

tubular; and a sealing surface S is formed betwsemner seal ring 24 and inner radial wall of the

gap 22.

[0022] Still referring to Figure 2, a gap 53 is shown begwthe inner radius 19 of the outer tubular
14 and outer radial 20 of the inner tubular 12 thidithe gap 53, fluid pressure may communicate
onto the seal assembly 10 and generate a residtaatt shown in a generally axial orientation and
directed from the lateral ring 46 against the HEteurface 36 thereby urging the outer seal ring 32
against the inner seal ring 24. In example embedimwhere the inner and outer seal rings 24, 32
are generally pliable elements, the inner and cagat rings 24, 32 are able to axially slide with
respect to one another. The forggoFoduces resultant forceg $hown directed radially outward
from the outer seal ring 34 against the outer tabli#t and radially inward from the inner radial
surface 26 of the inner seal ring 24 against theritubular 12. As such, by an increase in pressur
from a wellbore (not shown) as communicated togap 53, the sealing forces increase with
increasing wellbore pressure. Similarly, in thergwof a pressure in the region adjacent the spring
assembly 48 that exceeds that in the gap 53, Hingsiorce > exerted on the lateral surface 28 of
the inner seal ring 24 also may generate resultainés Ik that increases the magnitude of the

pressure seal of the seal assembly 10.

[0023] Optionally, the lower end of the groove 22 can Isipport ring 54 mounted to the inner
tubular 12 along a connection 55. Where the cdioreb5 can be a threaded connection, a weld, a
press or interference fit, or other attachment rmeéman example of installing the seal assembly 1
between the tubulars 12, 14, components of theassaimbly 10 are set onto the inner tubular 12
prior to adding the support ring 54. More speaifi; the components of the seal assembly 10 can

be slid onto the inner tubular 12 in the followinrgler (1) the spring assembly 48, (2) lateral 4ithg
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an outer seal ring having an inner radial surface profiled oblique to the axis of the tubulars and in
sliding contact with the inner seal ring outer radial surface, so that when the seal assembly is set in an
annular space between the tubulars and opposing axial forces are applied to lateral ends of the outer
seal ring and inner seal ring, sealing surfaces are formed where an inner radius of the seal assembly
contacts an inner tubular and an outer radius of the seal assembly contacts an outer tubular. 2. The
seal assembly of claim 1, further comprising a spring assembly for applying an axial force on one of
the lateral ends of the outer seal ring or inner seal ring. 3. The seal assembly of claim 2, wherein the

asher, BLBOEG FERIGTAIL i Ah TS 118 AL AMRRGRLERECR SO, B SEIRA o,

o B A R e e

Combina%iwoengetglearggé'rnbly 10 are put on the inner tub@lah# support ring 54 can then be mounted thereby
axially supporting the seal assembly 10. In o@i@mbodiments when the spring assembly 48 is a
coil spring, a stiffener ring (not shown) may beluded for distributing the spring load. With the

seal assembly 10 and support ring 54 in placantier tubular 12 can be inserted within the outer

tubular 14.

[0024] In one example embodiment of the seal assemblys&@ in a wellhead assembly 56 is
shown in a side sectional view in Figure 3. Irstexample, the wellhead assembly 56 includes a
production tree 58 mounted on wellhead housingr@Dvehere the inner tubular 12A is a tubing
hangar and having a string of tubing 62 dependimy its lower end. As such, the seal assembly 10
is provided in an outer radial slot formed on th&eo circumference of a portion of the tubing hanga
12A. In an optional embodiment, the spring assgm8A is shown in a side perspective view in
Figure 2A. In this example embodiment, the spaagembly 48A is a wave washer that may be a
single member as illustrated in Figure 2A or mayriaele up of a stack of individual wave washers

and set in combination with the seal assembly 10.

[0025] One of the advantages of using the profiled inner@uter seal rings as disclosed herein is
the low friction between these two members thepgbyiding for an assembly that can be quickly
and easily formed. Moreover, the inelastic matefizhe rings allows for the rings to move easily
relative to one another and as such further maxngithe radial load generated with relative axial
movement of the inner and outer seal rings 24 R3Ags formed from the inelastic material will not

coalesce like other parts that may be highly cosgeé over time and at elevated temperatures.
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the inner ring and outer ring. 6. The seal assembly of claim 1, further comprising an intermediate ring
disposed between at least a portion of the inner radial surface of the outer ring and the outer radial
surface of the inner ring. 7. The seal assembly of claim 6, wherein the intermediate ring has a
hardness greater than a hardness of the inner and outer rings. 8. The seal assembly of claim 6,
wherein the intermediate ring comprises a coating on each of the inner radial surface of the outer ring
and the outer radial surface of the inner ring. 9. A wellhead assembly comprising:

Further simplicity is realized with the present mxde in that it relies on variations in wellbore
pressure to generate the sealing force requiredgliirese high pressure events. The materials also
allows for operation at high temperatures suchnasxicess of 400° F and also at cryogenic
temperatures well below -20 ° F. The inelasticamals can mitigate seal failure from explosive
decompression and allow rapid bleed down of anrmuiessures, and also mitigate risk of material
degradation or swelling due to chemical attacke 3&al may be included with the tubular on which
it is located or it can be set with a running toAlthough shown in the embodiments as being in a
groove on an inner tubular, alternate embodimeritst @vherein the seal assembly 10 can be
between inner and outer respective radiuses oferunc tubulars and between supports coupled

with one or two of the tubulars or can be an annthannel provided in an outer tubular.

[0026] An advantage of embodiments of the seal assemdtjodied herein is that this concept may
be pressure energized by the inner and outeriagal24, 32 interfacing to act as a wedge. The sea
assembly can thus have a low interface stress séteas this interface stress is only requiredab s

at low pressures thereby ensuring a pressure elifi@t always exists across the seal. As pressure
increased, the wedge effect increases the intestaess and continues to maintain a seal. The low
interface stress corresponds to a low setting I&@ul standard bulk seals (one part) the increase in
interface stress with applied pressure is much(leties on Poisson's effect) - meaning standard
bulk seals require much larger interface stressesmwet, which corresponds to much higher setting
loads. Chevron packing sets which can be made $ioridar materials are pressure energized to
some extent, but are not easily assembled intaréciibn configurations (can seal from either
direction) and generally require very good surftieish (the larger interface stresses and contact

area offered by the concept should make it moerxaat of minor surface defects).
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an outer tubular; an inner tubular inserted within the outer tubular; an annular space defined between
the inner and outer tubulars;  a seal assembly in the annular space and between axial supports
coupled with at least one of the inner or outer tubular, the seal assembly comprising: an inner seal
ring having an inner radial surface in selective contact with a portion of an outer radial surface of the
inner tubular and an outer radial surface profiled at an angle oblique to an axis of the wellhead
assembly;

[0027] Provided in a side sectional view in Figure 4 isaliarnate embodiment of a seal assembly
10A sealing the space between tubulars 12, 1thidrexample embodiment, the lateral ring 44A is
shown having a wedge or triangular shaped cros®aewith its inner radial surface largely parallel
with the inner radius of the groove 22 and upper# surface substantially perpendicular with the
inner radius of the groove 22. The outer radidieae of the lateral ring 44A is oblique to thesaxi
Ax and extends from the lower end of the inner raslialace of the lateral ring 44A to the outer
radial end of the upper lateral surface of ther¢gdteng 44A. Combined with the intermediate ring
44A is a wedge shaped lateral ring 45 having aigoélinner radial surface shown set against the
oblique outer radial surface of the intermediatg #4A. The outer radial surface of the laterragri
45 is substantially aligned with the axig,Aand its lower lateral surface is substantiallynmal to the
axis A¢. Also shown in Figure 4, the lateral surface 38Ahe outer seal ring 32A is adjacent the
lateral ring 44A proximate the spring assembly 4&8#d the inner ring lateral surface 28A is
proximate the lateral ring 46A distal from the sgrassembly 48A. As such, the portion of the
intermediate ring 42A adjacent the lateral ring 488jects radially outward from the portion of the

intermediate ring 42A adjacent the lateral ring 44A

[0028] An inlay 25 is shown on the inner radial surfaceéhef inner seal ring 24A having a semi-
circular cross section. In an example embodiméet inlay 25 extends along the entire
circumference of the inner radial surface of threeirseal ring 24A. In an example embodiment the
inlay 25 includes a material have a lower valubastiness than that of the inner seal ring 24A. The
inlay 25 may be continuous or split. An exampléediment includes the groove on the inner seal

ring 24A but without the inlay 25. The outer seaf) 32A of Figure 4 also includes an inlay 33 set
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an outer seal ring having an outer radial surface in selective contact with a portion of an inner radial
surface of the outer tubular and an inner radial surface profiled at an angle oblique to an axis of the
wellhead assembly and that corresponds to the outer radial surface of  the inner seal ring, so that
when the inner tubular is inserted into the outer tubular and axial forces are applied to the seal
assembly, the inner and outer seal rings slide into respective positions and a sealing interface is
formed between the inner radius of the inner ring and a portion of an outer radius of the inner tubular
and a sealing interface is formed between the outer radius of the outer ring and a portion of an inner

radius of the outer tubular. . . :
in Its outer radla?surface. An example embodiniecitides the groove on the inner seal ring 32A

but without the inlay 33.

[0029] The lateral ring 46A of Figure 4 also has a tridagar wedge shaped cross section wherein
its upper lateral surface disposed adjacent therimimg lateral surface 28A is substantially
perpendicular with the axisyfand its outer radial surface facing the outer kbl is substantially
parallel with the axis A The lower lateral surface of the lateral ringAd8ktends in an oblique
direction from an inner end of the upper laterafaste to the outer to a lower end of the outeraladi
surface. A retainer ring 62 is shown circumscugbthe inner tubular 12 on a side of the seal
assembly 10A distal from the spring assembly 48Athe example embodiment of Figure 4, the
retainer ring 62 has a "C" shaped cross sectionsamdented so the end portions of the C face the
outer tubular 14 to define an annular space betwemrd portion of the retainer ring 62 and the
outer tubular 14. A portion of a lateral side loé support ring 62 facing the seal assembly 10A is
profiled along a line oblique to the axigAhe slope of the line corresponds to the lowteré side

of the lateral ring 46A. The support ring 62 ipparted on a metal seal 64 shown mounted over an
energizing ring 66, both of which are also in thawar space between the inner and outer tubulars
12, 14. The metal seal 64 has an elongate ingedetacting the inner tubular 12 and an elongate
outer leg contacting the outer tubular 14. A nodion of the metal seal 64 connects the inner and
outer legs and has an upper lateral side set agaesupport ring 62. The energizing ring 66dras
elongate mid portion that inserts into the spa¢ed®en the inner and outer legs of the metal seal 64
A wiper ring 68 circumscribes the outer circumfere of the energizing ring 66 on its lower end. A

retainer ring 70 shown threadingly attached tarther tubular 12 has a wedge shaped cross section
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10. The wellhead assembly of claim 9, wherein at least one of the supports comprises a resilient
member. 11. The wellhead assembly of claim 9, further comprising a groove formed in the outer
radius of the inner tubular, wherein the seal assembly is disposed in the groove and upper and lower
edges of the groove comprise supports for the seal assembly. 12. The wellhead assembly of claim 9,
wherein the inner and outer seal rings are each comprised of a compliant material, so that when the
axial forces are applied to distal ends of the inner and outer seal rings, the inner radius of the inner
seal ring bulges radially inward to form the sealing interface with the inner tubular and the outer radius
of the outer seal ring hulges radially outward to form the sealing interface with the outer tubular. 13.
The welHEAR AERS TNy 1P OR PR ATaR P iR G Rar RSP LRSS B PR RO GF
consisting of a hanger and a production tree, 14. A method of sealing an annular space between
‘?Ulﬂ] g rﬁqﬁ szin@ retainer ring.

wellbore B0 REhH

[0030] While the invention has been shown or describeohily some of its forms, it should be
apparent to those skilled in the art that it is smiimited, but is susceptible to various changes

without departing from the scope of the invention.
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(a) providing a seal assembly comprising an inner seal ring having an outer radial surface profiled
oblique to an axis of the wellbore tubulars, and an outer seal ring having an inner radial surface
profiled oblique to the axis of the wellbore tubulars and in sliding contact with the inner seal ring outer
radial surface; (b) disposing the seal assembly between the wellbore tubulars; and (c)
maintaining an axial length of the seal assembly by applying axial loads to opposing lateral ends of the
seal assembly thereby bulging out at least one of an inner radial surface on the inner seal ring and an
outer radial surface of the outer seal ring to form a sealing surface between the seal assembly and at
least one of the tubulars. 15. The method of claim 14, wherein prior to step (b), a width of the seal
assemblClakes along a radius of the seal assembly exceeds a width of a space between the wellbore
tubulars, wherein during step (b), the inner and outer seal rings axially slide a designated distance in

opposite directions along the inner and outer radial profiles.
What is claimed’is:

1. A seal assembly for use between wellbore tubulamspeising:

an inner seal ring having an outer radial surfaoéiled oblique to an axis of the tubulars;

and

an outer seal ring having an inner radial surfacéled oblique to the axis of the tubulars
and in sliding contact with the inner seal ringasutdial surface, so that when the seal assembly i
set in an annular space between the tubulars grasoy axial forces are applied to lateral ends of
the outer seal ring and inner seal ring, sealimtasas are formed where an inner radius of the seal

assembly contacts an inner tubular and an outersafithe seal assembly contacts an outer tubular.

2. The seal assembly of claim 1, further comprisirgpang assembly for applying an axial

force on one of the lateral ends of the outer 8eglor inner seal ring.

3. The seal assembly of claim 2, wherein the sprisgmably comprises a resilient member
selected from the group consisting of a Bellewilsher, a stack of Belleville washers, wave spring

washers, coiled springs, and combinations thereof.

4. The seal assembly of claim 1, wherein the innerautér seal rings include an inelastic
substance comprising a material selected fromrhggconsisting of graphite, a fluoropolymer, and

combinations thereof.
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16. The method of claim 15, wherein the designated distance is defined by the position of where the
axial loads are applied to the seal assembly. 17. The method of claim 14, wherein the inner and outer
seal rings include an inelastic substance comprising a material selected from the group consisting of
graphite, a fluoropolymer, and combinations thereof. 18.The method of claim 14, wherein the wellbore
tubulars comprise inner and outer wellbore tubulars, and a groove is formed on an outer radial surface
of the inner wellbore tubular, and wherein the seal assembly is provided in the groove.

5. The seal assembly of claim 1, further comprisingrkd rings provided on distal surfaces of

the inner ring and outer ring.

6. The seal assembly of claim 1, further comprisingné&rmediate ring disposed between at
least a portion of the inner radial surface ofdhéer ring and the outer radial surface of theiinne

ring.

7. The seal assembly of claim 6, wherein the interatediing has a hardness greater than a

hardness of the inner and outer rings.

8. The seal assembly of claim 6, wherein the interateding comprises a coating on each of

the inner radial surface of the outer ring andabeer radial surface of the inner ring.

9. A wellhead assembly comprising:

an outer tubular;

an inner tubular inserted within the outer tubular

an annular space defined between the inner ard tuldulars;

a seal assembly in the annular space and betwesisapports coupled with at least one of

the inner or outer tubular, the seal assembly cizimgy:

an inner seal ring having an inner radial surfaselective contact with a portion of
an outer radial surface of the inner tubular ama@water radial surface profiled at an angle

obligue to an axis of the wellhead assembly;
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an outer seal ring having an outer radial surifaselective contact with a portion of
an inner radial surface of the outer tubular améhaer radial surface profiled at an angle
oblique to an axis of the wellhead assembly aatiabrresponds to the outer radial surface of
the inner seal ring, so that when the inner tutiglmserted into the outer tubular and axial
forces are applied to the seal assembly, the mmeouter seal rings slide into respective position
and a sealing interface is formed between the iratkus of the inner ring and a portion of an outer
radius of the inner tubular and a sealing interfadermed between the outer radius of the oubey ri

and a portion of an inner radius of the outer tahul

10. The wellhead assembly of claim 9, wherein at leastof the supports comprises a resilient

member.

11. The wellhead assembly of claim 9, further compgsrgroove formed in the outer radius of
the inner tubular, wherein the seal assembly igadied in the groove and upper and lower edges of

the groove comprise supports for the seal assembly.

12. The wellhead assembly of claim 9, wherein the immerouter seal rings are each comprised
of a compliant material, so that when the axiatésrare applied to distal ends of the inner anerout
seal rings, the inner radius of the inner seal biges radially inward to form the sealing inteda
with the inner tubular and the outer radius ofab&er seal ring bulges radially outward to form the

sealing interface with the outer tubular.

13.  The wellhead assembly of claim 9, wherein the iramelouter tubulars are selected from the

group consisting of a hanger and a production tree.

14. A method of sealing an annular space between welltadbulars comprising:
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(@) providing a seal assembly comprising an innerrggghaving an outer radial surface
profiled oblique to an axis of the wellbore tubsglaand an outer seal ring having an inner radial
surface profiled oblique to the axis of the wellbdtrbulars and in sliding contact with the inned se

ring outer radial surface;

(b)  disposing the seal assembly between the wellbbrdars; and

(c) maintaining an axial length of the seal assemblggplying axial loads to opposing
lateral ends of the seal assembly thereby bulgirigableast one of an inner radial surface on the
inner seal ring and an outer radial surface obtlter seal ring to form a sealing surface betwken t

seal assembly and at least one of the tubulars.

15.  The method of claim 14, wherein prior to step &yidth of the seal assembly taken along a
radius of the seal assembly exceeds a width cdieedpetween the wellbore tubulars, wherein during
step (b), the inner and outer seal rings axiaitiesh designated distance in opposite directicngal

the inner and outer radial profiles.

16. The method of claim 15, wherein the designatecddst is defined by the position of where

the axial loads are applied to the seal assembly.

17.  The method of claim 14, wherein the inner and csgef rings include an inelastic substance
comprising a material selected from the group «timgl of graphite, a fluoropolymer, and

combinations thereof.

-22-



18. The method of claim 14, wherein the wellbore tulsi@omprise inner and outer wellbore
tubulars, and a groove is formed on an outer radidihce of the inner wellbore tubular, and wherein

the seal assembly is provided in the groove.
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