SEAL WITH ENHANCED NOSE RING Cross-Reference to Related Application: This application
claims priority to provisional application 61/391,477, filed October 8, 2010. Field of the Invention:
[00011 This invention relates in general to wellhead assemblies and in particular to a seal nose ring
that improves tolerance to hanger movement. Background of the Invention: [00021 Seals are used
between inner and outer wellhead tubular members to contain internal well pressure. The inner
wellhead member may be a casing hanger located in a wellhead housing and that supports a string of
casing extending into the well. A SBALoWJAKFENIEANCGEDVNESEIRINEINg hanger and the wellhead
housing. Alternatively, the inner wellhead member could be a tubing hanger that supports a string of
tubing extending into the well for the flow of production fluid. The tubing hanger lands in an outer

wellhead meq}gsesr_, ;uich maty Eiga w?eI!he d housing, a Christmas tree, or a tubing head. A packoff or
seal seals between ﬁ'n%rfﬁlﬁ‘r'né’ #&8 8 Mer wellhead member. [00031 A variety of seals
located between the inner and outer wellhead members have been employed in the prior art. Prior art

seals include elastamerigaNc il eltand SPJRRIGANIRARUBLA"sIPRIINGS Hade entrely of

metal for forming metal-to-metal seals ("MS") are also employed. The seals may Be sét by a running
tool, or they (Rabbes, 2010.

Field of the Invention:

[0001] This invention relates in general to wellhead assemblies and in particular to a seal

nose ring that improves tolerance to hanger movement.
Background of the Invention:

[0002] Seals are used between inner and outer wellhead tubular members to contain
internal well pressure. The inner wellhead member may be a casing hanger located in a
wellhead housing and that supports a string of casing extending into the well. A seal or
packoff seals between the casing hanger and the wellhead housing. Alternatively, the
inner wellhead member could be a tubing hanger that supports a string of tubing
extending into the well for the flow of production fluid. The tubing hanger lands in an
outer wellhead member, which may be a wellhead housing, a Christmas tree, or a tubing
head. A packoff or seal seals between the tubing hanger and the outer wellhead member.

[0003] A variety of seals located between the inner and outer wellhead members have
been employed in the prior art. Prior art seals include elastomeric and partially metal and
elastomeric rings. Prior art seal rings made entirely of metal for forming metal-to-metal

seals ("MS") are also employed. The seals may be set by a running tool, or they may be




set in response to the weight of the string of casing or tubing. One type of prior art metalto-metal seal
has seal body with inner and outer walls separated by a cylindrical slot, forming a "U" shape. An
energizing ring is pushed into the slot in the seal to deform the inner and outer walls apart into sealing
engagement with the inner and outer wellhead members, which may have wickers formed thereon.
The energizing ring is typically a solid wedge-shaped member. The deformation of the seal's inner and
outer walls exceeds the yield strength of the material of the seal ring, making the deformation
permanent. [S004]dSpmsg tsettiyeaighhelsbesiting rhprsinecPfottirem e BRSO BPSIIM P dreflect
downwards relative to the other seal leg. This can introduce plastic strain into the seal, making it
susceptible ttotegtabseHeasvsrainboy caitn kg ﬁ#&fe‘é’?ﬁﬁ) saaraed i prgidrcah Hteaded
connection has been utilized below the seal that connects a nose ring to the seal. The nose ring has a
thin, annular fmines Jrothers JnendsirasrneisRuheding Gealttd hriseliadLopBdad to resist
the setting forces imparted to it when the energizing ring is dri\é)%n |ntq the segl to therelﬂ}lé)({event the
inducement GF}stagtit SHSIWRHS RPIEhIeSshlIBg BRERSETIHT IHOSTS VLRl BT 4S8 Eesigned to

orossure 1oo TR QU R BT 3 VBT TR IOGHAS: i 5 RN B IRG B BEE Gasimg
pressure tes g ) Cis tran eéd %o 0 casing
hanger. This forge causes the casing hange deflect nwatds, carryi ith itthe | seal leg,
“which is engé%lé%v{’(? E%Pﬁ?&dﬁa?mt%%fe?’gt%éet%a’&é’é’w oi%usg a}es,lgﬂ%rwa‘l%g%%égg%%g%ril%gr%?){/ement of
the inner and outer seal legs fl e Ieds.ers igid v souplad 1o ash aiher AR BaRabbACy vould be

0

torn in half frglr%%}?e large a4 and'detlections crea eogbyt e pressure test. Even with a buckling tab,

eventually nfyoBA ti';‘ﬁﬁxiﬁiggs'%%ﬁfggﬁ?tﬁé’%% f?e_ﬁbrﬁ;lfil%ﬁn%w%&&ﬁ&y sGaldepsmayPesagiRao great that

the seal will se art. imit this felative ‘displacement, test pressures may be lowered,

complex load, ARSI AN AL AGSROBON ARG ARRBHERC B Simpifstagking

arrangement, or wickers may be entirely abandoned on the casing hanger side of the seal in a "slick

neck” arranggment i RESR ARAEORCRES GOMBIPWIRG e LaBHsIASRSPMBesy StTddRA96hiThe annular

tab, however, may buckle prematurely due to Poisson effect, which is the tendency of a material to

expand in direligns RefPERLIF RN R IBE BRIV’ comBIassiAN B WacksatamRicaliats: ifig large
radial interference between the energizing ring and each of the seal legs causes the seal legs to grow

downwards qyeniosthe Paissereafiach-Bacamsamidonbadial feasaadss apwineihio efienta grs-tight seal
to high pressures, the resulting axial force due to the growth of the seal legs is also high and sufficient

to cause the jakiadhukie. This REmMatpmRdairgisf fie satinpdyrees fhparsed nookechen thested
installation of the seal body and increased plastic strains in the area that MS-type seals typically fail

due to excesgiegzhang ahgie\@meninduing b ssdierébgtprgveno eahditkrtieis hipeastipstiiom, an
active hanger with complex mechanisms in the third position could be used. This option however is
costly and caluptexnner seal leg deflection.

[0005] This same tab is also designed to buckle during pressure testing of the seal and/or

BOP stack with a plug-type or isolation tool. During pressure testing a large force, up to

several million pounds, is transferred to the top of the casing hanger. This force causes

the casing hanger to deflect downwards, carrying with it the inner seal leg, which is

engaged to it. At this point the tab is supposed to buckle, allowing independent

movement of the inner and outer seal legs. If the legs were rigidly coupled to each other,

the seal body would be torn in half from the large load and deflections created by the

pressure test. Even with a buckling tab, eventually the relative displacements between



[0007] A need exists for a technique that addresses the seal problems described above. In particular,
a need exists for a technique to make seals more tolerant to increased hanger movement by
accounting for Poisson effect in the seal legs. The following technique may solve these problems.
Summary of the Invention: 100081 A seal assembly is located between a wellhead housing having a
bore and a casing hanger. Housing is typically located at an upper end of a well and serves as an
outer wellhead member. The casing hanger has an upward facing shoulder for supporting a lower

portion of thehseaharssehohlyr Seah&igd-inamiiobineabagsantily thasaninen&ealdao i, apg inner wall
sealing against the cylindrical wall of casing hanger and an outer seal leg with an outer wall surface

that seals adaintthissiirebe tioplicgnboracipeesaatiagaydioadleghenaplorisatRschiatisin extension
extends downward from the outer seal leg and is connected to a nose ring having a downward facing
shoulder tha@tezghohatissrcassitiphangerbshadded ritstprd\ider ssitapktiongiiigt sansestingmpperations.
[0009] A lock ring retained within a recess formed in an upper interior portion of the nose ring holds the
seal to the nY&&eliadnan esmiivel forbandmnedl on thasasing haoiey sHookibe feeiniach dsliak ngier portion of
the nose ring contacts the lower surface of the inner seal leg. The upward facing shoulder is contacted
by the lowerPSidaeB A rihBcse anRjospeantomprandseabistonsifencebtbxeystainduring setting operations
to prevent the downward deflection of the inner leg. Although high, this axial force is not sufficient to
buckle the sHOMIt s Ay aetabdrorsyen] mmebuskle aamats Sl disdeRoisphefftiay/bigh to Poisson
effect from the resujting axjal force due to the growth of the seal legs during setting operations. The
shoulder créBfed BB RhedrMARHRD A &rRapdo ik ctisrtigns ReSERHErET tHe dbal aprligdereby

prevents plastic strain in thie seal. Further, the shoulder does not buckle during %ressure testing and a

gap is providSABEINELn alTbWEIESHa BRI IOk At lgsoradind dntennanes between the

energizing ring and each of the seal legs causes the seal legs to grow downwards due to
the Poisson effect. Because a large radial force is required to effect a gas-tight seal to
high pressures, the resulting axial force due to the growth of the seal legs is also high and
sufficient to cause the tab to buckle. This premature buckling of the tab may result in a
crooked or twisted installation of the seal body and increased plastic strains in the area
that MS-type seals typically fail due to excessive hanger movement during pressure
testing. To deal with this type of problem, an active hanger with complex mechanisms in
the third position could be used. This option however is costly and complex.

[0007] A need exists for a technique that addresses the seal problems described above.
In particular, a need exists for a technique to make seals more tolerant to increased
hanger movement by accounting for Poisson effect in the seal legs. The following

technique may solve these problems.




facing rr!atir}g surface of the nose ring that may range between 0.020 to 0.050 inches depending on
the application and materials. The gap closes up during setting operations. [0011] The invention
adyantagequsly reduces plastic strains induced during installation when compared to the prior art.
Brlef Descrlptlpn of the Drawings: [0012] Figure 1 is a sectional view of a seal assembly of the prior art
with the energizing ring locked to the seal, but unset; [0013] Figure 2 is a sectional view of a seal
assembl_y of the_prior art set between outer and inner wellhead members and the annular tab buckled;
[0014] FlgureSS IS a sec 'ﬂpeaix}%ﬁ{ﬂ@ seal assembly with the energizing ring locked to the seal, but ’

£ uanmary . .
unset, in accordance’with an embodiment of the invention; [0015] Figure 3A is an enlarged sectional

view of the seal assembly in Figure 3, in accordance with an embodiment of the invention;
[0008] A seal assembly is located between a wellhead housing having a bore and a casing

hanger. Housing is typically located at an upper end of a well and serves as an outer
wellhead member. The casing hanger has an upward facing shoulder for supporting a
lower portion of the seal assembly. A metal-to-metal seal assembly has an inner seal leg
with and inner wall sealing against the cylindrical wall of casing hanger and an outer seal
leg with an outer wall surface that seals against wellhead housing bore. The seal legs
form a U-shaped pocket or slot. An extension extends downward from the outer seal leg
and is connected to a nose ring having a downward facing shoulder that rests on the
casing hanger shoulder to provide a reaction point for setting operations.

[0009] A lock ring retained within a recess formed in an upper interior portion of the
nose ring holds the seal to the nose ring and allows for retrieval. An upward facing
shoulder formed on an upper portion of the nose ring contacts the lower surface of the
inner seal leg. The upward facing shoulder is contacted by the lower surface during
setting operations and resists the forces exerted during setting operations to prevent the
downward deflection of the inner leg. Although high, this axial force is not sufficient to
buckle the shoulder during setting.

[0010] The shoulder also eliminates any buckling due to Poisson effect from the resulting
axial force due to the growth of the seal legs during setting operations. The shoulder
creates a solid platform that prevents crooked or twisted setting of the seal and thereby
prevents plastic strain in the seal. Further, the shoulder does not buckle during pressure

testing and a gap is provided between a lower surface of the seal extension and an upward



[0016] Figure 4 is a perspective view of a portion of the seal assembly of Figure 3, in accordance with
an embodiment of the invention; [0017] Figure 5 is a sectional view of the seal assembly of Figure 4, in
accordance with an embodiment of the invention; [0018] Figure 6 is a sectional view of the seal
assembly of Figure 3 between outer and inner wellhead members in the set position, in accordance
with an embodiment of the invention; [0019] Figure 7 is a sectional view of the seal assembly of the
prior art illustrating plastic strain in the seal; [0020] Figure 8 is a sectional view of the seal assembly
illustrating pfavegtidatsrpiashesahihdmese sogl thataveyromgedbuiteem GMPAdiMOnO dfithesinvention.

Detailed Description of the Invention:
depending on the application and materials. The gap closes up during setting operations.

[0011] The invention advantageously reduces plastic strains induced during installation

when compared to the prior art.
Brief Description of the Drawings:

[0012] Figure 1 is a sectional view of a seal assembly of the prior art with the energizing
ring locked to the seal, but unset;

[0013] Figure 2 is a sectional view of a seal assembly of the prior art set between outer
and inner wellhead members and the annular tab buckled;

[0014] Figure 3 is a sectional view of a seal assembly with the energizing ring locked to
the seal, but unset, in accordance with an embodiment of the invention;

[0015] Figure 3A is an enlarged sectional view of the seal assembly in Figure 3, in
accordance with an embodiment of the invention;

[0016] Figure 4 is a perspective view of a portion of the seal assembly of Figure 3, in
accordance with an embodiment of the invention;

[0017] Figure 5 is a sectional view of the seal assembly of Figure 4, in accordance with
an embodiment of the invention;

[0018] Figure 6 is a sectional view of the seal assembly of Figure 3 between outer and
inner wellhead members in the set position, in accordance with an embodiment of the
invention;

[0019] Figure 7 is a sectional view of the seal assembly of the prior art illustrating plastic

strain in the seal;




[0021] Referring to Figure 1, a portion of a seal assembly in the prior art is shown between a wellhead
housing 10 having a bore 12 with wickers 14 formed thereon and a casing hanger 18 with wickers 20
formed on an exterior portion. Housing 10 is typically located at an upper end of a well and serves as
an outer wellhead member 10. The casing hanger 18 has an upward facing shoulder 19 for supporting
a lower portion of the seal assembly. A metal-to-metal seal assembly has an inner seal leg 22 with and
inner wall 24 sealing against the cylindrical wall of casing hanger 18. Seal ring has an outer seal leg 26
with an outenypalpifares2B halaeals AgninsimeitatasdnblsiniguboneriprEnentiallofirfaties 24, 28
may be curved and smooth. The seal legs 22, 26 form a U-shaped pocket or slot 30. An extension 32
extends dowgysal Gl tRendhie inueblaan26 with e sdiseded denimeetiton34. The extension 32 has a
downward facing shoulder 36 that rests on an upward facing shoulder 38 formed on a nose ring 37.
The threaded connection 34 connects the seal ring to the nose ring 37. A lower portion 39 of the nose
ring rests on Pegatlpdvbed dapiignsstatilbivkatidithe casing hanger 18 to provide a reaction point during
setting operations. An annular tab 40 protrudes upward from the nose ring 37 at a point above the
threaded connection 34. The annular tab 40 contacts a lower surface 42 of the inner seal leg 22.
[0022] Contirfoi2g]t® eéheinp theFjgive dit samirdescrfislyseal Figrerably dn BifeRsIomtifgShaME typically
forced downward by a running tool or the weight of a string to force it into_the slot 30. The energizing
ring 41 deforheswheninmvehaatlduresieg AP1bawinDa Dertst iR avitbariskess d4-orseeA dhstRt iMliRead
member 10 and the inner wellhead member 18. As previously explained, the anpular tab 40 resists
deflection of easingrhentisy Bowitlewickses 28 fiprrs o8 RS SHALRY YRR aH e & hE PR ERKle during
pressure testing of the seal. However, as shown in Figure 2, the annular taE 4q buckle
prematurely seted ﬁﬁé@&ﬁ%@ﬂéﬁ@@t,“(ﬁ“i@:‘ﬁjiéefﬁést%%ﬂbﬂ‘&?ro‘f’%”rg?ﬁéﬁ'ﬁm X égfl%‘?nc rections
perpendicular to the applied compression. The large r?dial interferencle betwegn thr:\f %lrmggging ring 41

and each of #aewal s 20 umavar] &edng, shouldab [2 {87 FRP B & APYS'RI2 16 this phenomena.

Because a large radial force is required to effec as-tight seal tq hi resulting
axial force dﬁWé-g@oWbﬂﬂ'ée?jéF 6????’;'6%@3561 g egﬁg %?f%?ghfgégﬁciﬁgégg’%we%ab 40 to

buckle. This premature, buckling of the tab.may resulf in a crQo Isted i Ilati e seal
body and incfgﬂ%aﬁf’égﬁcﬁﬁ&glhgqﬂ%ew Bgﬁé:? Al flﬂgt ra{t9 M%%l/%fg eﬁa%s%ly%%%%%g%ggghto

excessive hanger L3 movemen! during pressue (=it S5IRANHBEIR /e [0023h@slarring o
e nl

Figure 3, an & SBiRURE S¥Eh & ThShtoh shows a portion o gh pressure wellhead housing 10.

As in the prior, a, (06 housing 19 1510cPIRd hanPRAL soi REawelandavesagapeuar wellhead

member in this example. ing 10 has a bore 12 located therein.

or slot 30. An extension 32 extends downward from the outer leg 26 and has a threaded
connection 34. The extension 32 has a downward facing shoulder 36 that rests on an
upward facing shoulder 38 formed on a nose ring 37. The threaded connection 34
connects the seal ring to the nose ring 37. A lower portion 39 of the nose ring rests on
the upward facing shoulder 19 of the casing hanger 18 to provide a reaction point during
setting operations. An annular tab 40 protrudes upward from the nose ring 37 at a point
above the threaded connection 34. The annular tab 40 contacts a lower surface 42 of the
inner seal leg 22.

[0022] Continuing to refer to the prior art seal assembly in Figure 1, an energizing ring

41 is typically forced downward by a running tool or the weight of a string to force it into



[0024] In this example, the inner wellhead member comprises a casing hanger 18, which is shown
partially in Figure 2 within bore 12. Alternately, wellhead housing 10 could be a tubing spool or a
Christmas tree and casing hanger 18 could instead be a tubing hanger, plug, safety valve, or other
device. As in the prior art, the energizing ring 41 is typically forced downward by a running tool (not
shown) or the weight of a string (not shown) to force the energizing ring 41 into the slot 30. The
energizing ring 41 deforms the inner and outer seal legs 22,26 of the seal body against the outer
wellhead mehsopt Banbhtheniersiingaiingdd dedoniertisinfiae dndeutmdaliiegw2dl 26ridobs 24,28
sealingly engage the wicker profiles 14,20 formed on the housing 10 and hanger 18. 100251 The
invention defftt8ayReainsh s artervivel feeadanerebrs didiand [heairneherdlbegrbreenbenthisfexample, an
extension extends downward from the outer seal leg 26 and is connected to a nose ring 51 having a
downward fREFEPERY YRR dntheraapslan tah 4l sesisto dsflersion o thn iitnss lees2d Brotdde reaction
point for setting operations. A lock ring 52 that is retained within a recess 54 formed in an upper
interior portiSHBIERY KosENRAGBHarHaRA seletianed tndyrkledurigsnrassaratesiiagsf therisehl. The lock
ring 52 replages the threaded connection 34 (Figure 1) of the prior art. The lock ring 52 in this example
is segmented With & BTU%%W‘O‘PI?&%“% ’§E§ﬂHWﬂérS?%éﬂwS‘?@ME@ﬁegléTB%‘?ﬁg@rg‘S) formed in

the inner diggneter of the ngse,ring,51 until the circumference of the nose ring 51 is filled with the
segments 52. liscs)ognesféer(g’tﬁaaqf%ésl lﬁ(t%%ge%%'g @rﬁ?@?ﬁ&%ﬁ’mgﬂddﬂt‘Bfetﬂé)%g‘é‘?ﬁﬂj“ﬁil,aéegments

52 visile (g SOl A R e TRiSned InR NSk Kng PERY cop sereus BT assfpun
. i 0 e I i . In one

Figures 4 and ments 52 extend comp eté?y arouna the €ir

e R SR A e e S At S R

Alternatively, the lock ring 5 ormed from a single piece That is bent during installation to

conform (0 R AHEUICIRIGR. Q' AR NAEL OORRI S 0URING B SIEh O EIRMR S, ap uPwre

facing shoulder 55 formed on an upper portion of the hose ring ORTacts the Jower Sufface 42 of the

inner seal lggg e RUIEHSRAATAEER B8R PBNS AR A0FIGNS,LheTLa.BiggRr that i

replaces.
and sufficient to cause the tab 40 to buckle. This premature buckling of the tab may

result in a crooked or twisted installation of the seal body and increased plastic strains in
the pocket area 44 that MS-type seals typically fail due to excessive hanger 18 movement
during pressure testing, as shown in Figure 7.

[0023] Referring to Figure 3, an embodiment of the invention shows a portion of the high
pressure wellhead housing 10. As in the prior art, the housing 10 is located at an upper
end of a well and serves as an outer wellhead member in this example. Housing 10 has a
bore 12 located therein.

[0024] In this example, the inner wellhead member comprises a casing hanger 18, which
is shown partially in Figure 2 within bore 12. Alternately, wellhead housing 10 could be
a tubing spool or a Christmas tree and casing hanger 18 could instead be a tubing hanger,
plug, safety valve, or other device. As in the prior art, the energizing ring 41 is typically

forced downward by a running tool (not shown) or the weight of a string (not shown) to




The upward facing shoulder 55 is contacted by surface 42 during setting operations and resists the
forces exerted during setting operations to prevent the downward deflection of the inner leg 22. The
shoulder 55 also eliminates any buckling due to Poisson effect because the resulting axial force due to
the growth of the seal legs 22, 26 during setting operations. Although high, this axial force is not
sufficient to buckle the shoulder 55 during setting. This results in a solid platform that prevents crooked
or twisted setting of the seal and thereby prevents plastic strain in the seal, as shown in Figures 6 and

8. Further, thg shamldsfeRAAMl Aakbucke dueisetsessTte éastiigngmike 4heledr=e (FEgumer2) of the
prior art. In addition, to accommodate downward growth of the seal body associated with Poisson
effect during gRting-oRATaETE2 2 e s Bé (EipboeyLhiasprbvidedrhetitesd a¢ower Kuradte0 of the
seal extension 50 and an upward facing mating surface 62 of the nose ring 51. The gap 64 may range
between 0.02¢htp RlBBaihahashee pentirgrorthadappticett surfiten 2t A8 scalinelyiingasetht during
setting operations. [0027] In this embodiment, the lock ring 52 retained within the recess 54 formed in
the nose ringWadkaigoqiieyite2a fenathauthedoiismgdlspudeass(HRure 3A) between the nose ring 51
and the seal body. As previously explained, during pressure testing, a large force is transferred to the
top of the ca$i833]aFtgeintenthmt depagiediime bagrigriahyih TESRS A& &S AP LAYy with it the
inner seal leg 22. The space 66 between the nose ring 51 and the seal body completely decouples the
nose ring 51 fean mehseexmmly,mmm%@%ﬁ@%%érﬂfm\}éﬁm&ws%lﬂ%%ﬁeg‘y ¥rom
coming into contact with the seal extension 50 when the hanger 18 and inner seal le 22k5nove
downwards dwringrtedting ngsonsp fhdariteradon By ar ik SRR 3 FiSR s%}g‘llnsezrare greatly
reduced at installation when compared to the prior art. Dug to_the enhancentleggs i&}h&ﬁr}%se ring 51,
the annulus J901che PRs:bIRSRE LR BB YsIe AEACHPMRPIESRN THHER PFRAIYS: 18 defiections,
simplifying the system architecture, and allow for higher test pressures. [0029] Eurther, this invention
removes the ??egﬂtfb?rﬁﬁ'éﬁﬂéﬁ‘fg?%%%‘ﬁél% %ﬁgﬂ%amépf%lrrdn HosH r[?rp\l/f/) |]8ff1 %\lllv‘léomu?r ergfg ire its own

e hanger o BRI TN, HHE TTVeRL AT PRI e TL o i g ot o !
fo minimize dRERFROUERTAATSH I Cech IR M e e o B g et bl
segmented, with a plurality of lock ring segments 52 being fed through a slot 56 (Figure
5) formed in the inner diameter of the nose ring 51 until the circumference of the nose
ring 51 is filled with the segments 52. To ensure that the lock ring segments 52 do not
fall out of the nose ring 51, segments 52 visible through the slot 56 may be fastened to
the nose ring 51 by cap screws 57, as shown in Figures 4 and 5. Segments 52 extend
completely around the circumference of nose ring 51. In one embodiment, there are
sixteen segments 52. Each segment 52 is an arcuate portion of aring. Alternatively, the
lock ring 52 may be formed from a single piece that is bent during installation to conform
to the circumference of the nose ring 51.
[0026] Continuing to refer to Figure 3, an upward facing shoulder 55 formed on an upper

portion of the nose ring 51 contacts the lower surface 42 of the inner seal leg 22. The

shoulder 55 has a larger area than the tab 40 (Figure 1) of the prior art that it replaces.



members. 100301 This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention, including making and
using any devices or systems and performing any incorporated methods. These embodiments are not
intended to limit the scope of the invention. The patentable scope of the invention is defined by the
claims, and may include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do not differ from the

literal languakfe apwerdiRairing shoidldeeys it udetaciedviayentr fitre c2idhirilgraaritg witkritdsnbatantial
differences from the literal language of the claims. WHAT IS CLAIMED IS: 1.A wellhead assembly
with an axis refigipdbecioress byersed cluinasettingaoprratiobe to pBvieat thg doboreatd 2k fictionexfwellhead

member (18) adapted to be located in the bore (12);
the inner leg 22. The shoulder 55 also eliminates any buckling due to Poisson effect

because the resulting axial force due to the growth of the seal legs 22, 26 during setting
operations. Although high, this axial force is not sufficient to buckle the shoulder 55
during setting. This results in a solid platform that prevents crooked or twisted setting of
the seal and thereby prevents plastic strain in the seal, as shown in Figures 6 and 8.
Further, the shoulder 55 will not buckle during pressure testing, unlike the tab 40 (Figure
2) of the prior art. In addition, to accommodate downward growth of the seal body
associated with Poisson effect during setting operations, a gap 64 (Figure 3A) is provided
between a lower surface 60 of the seal extension 50 and an upward facing mating surface
62 of the nose ring 51. The gap 64 may range between 0.020 to 0.050 inches depending
on the application and materials and will close up during setting operations.

[0027] In this embodiment, the lock ring 52 retained within the recess 54 formed in the
nose ring 51 also provides a set amount of float or space 66 (Figure 3A) between the nose
ring 51 and the seal body. As previously explained, during pressure testing, a large force
is transferred to the top of the casing hanger 18 that causes the casing hanger 18 to deflect
downwards, carrying with it the inner seal leg 22. The space 66 between the nose ring 51
and the seal body completely decouples the nose ring 51 from the seal body during these
pressure tests by preventing the lock ring 52 from coming into contact with the seal
extension 50 when the hanger 18 and inner seal leg 22 move downwards during testing.
[0028] The end result of this arrangement is that plastic strains are greatly reduced at

installation when compared to the prior art. Due to the enhancements in the nose ring 51,




opposing seal surfaces (14, 20) in the bore (12) and on an exterior portion of the inner wellhead
member (18); a seal ring (22, 26) between the inner and outer wellhead members (18, 10) having
an inner annular member (22) and an outer annular member (26) circumscribing a portion of the inner
annular member (22); an annular energizing ring (41) having a lower end insertable between the
inner and outer annular members (22, 26) of the seal ring, so that when the lower end of the
energizing ring (41) is inserted between the inner and outer annular members (22, 26) of the seal ring,

outer walls ofhe,infRK AR QLR RRNUNMERERS (RAeraR) of thrsesldinggeeairgeeadidlly outward
into sealing engagement with the inner and outer wellhead members (18, 10); and an annular

extension (S})gxigalingHarnaRs spdiosaiacheteyaibialtealfuinhigte extersiomets1) having a
lower surface (53) for fandlng on a portion (19) of the inner wellhead member (18) and having an

upward facingyginuidanébhiniaoaiach withons ihaesahfulan mprmisbe(BRposidasesr imihto prevent
downward deflection of the inner annular member (22) as the energizing ring (41) is inserted between

the inner andiprtesanrmnawRiembersid2R@6)eoftheweaipinigic MSHpassahlyslbatiMto claim 1,
wherein the seal ring comprises a downward extension (50) extending from below the outer annular

member (26)afdlersyaypngeals. Tinecadsesiigie pevordivke wesedafps 211 ke Brge RS EMSelists
between a lower end (60) of the downward extension (50) and an upward facing shoulder (62) on the
annular extendititio 1hipriovetioetpagnits the use of MS-type seals where only wickerless-type

seals could be supplied. The wicker type seals are greatly preferred due to their ability to
minimize axial movement of the seal legs with respect to the outer and inner wellhead
members.

[0030] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated
methods. These embodiments are not intended to limit the scope of the invention. The
patentable scope of the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other examples are intended to be
within the scope of the claims if they have structural elements that do not differ from the
literal language of the claims, or if they include equivalent structural elements with

insubstantial differences from the literal language of the claims.
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4. The assembly according to claim 2, wherein the annular inner member (22) of the seal ring is rigidly
secured to the inner wellhead member (18) after the seal is set. 5. The assembly according to claim 4,
further comprising a locking member (52) having at least a portion retained within a recess (54) formed
in an upper interior portion of the annular extension (51) to hold the seal ring to the annular extension
(50) and allow for axial movement of the annular extension (50) relative to the downward extension of
the seal ring. 6. The assembly according to claim 1, wherein the inner and outer annular members

(22, 26) of th¥ Bl A EToMMED-Ehaped pocket (30). 7. The assembly according to claim 4, wherein
the inner wellhead member (18) comprises a set of wickers (20) formed on the seal surfaces, wherein
the annular inner member (22) of the seal ring is rigidly secured to the inner wellhead member (18) by

e e S i iy e = g vin e st vkt 20

an outer wellhead member (10) having a bore (12);

an inner wellhead member (18) adapted to be located in the bore (12);

opposing seal surfaces (14, 20) in the bore (12) and on an exterior portion of the
inner wellhead member (18);

a seal ring (22, 26) between the inner and outer wellhead members (18, 10)
having an inner annular member (22) and an outer annular member (26) circumscribing a
portion of the inner annular member (22);

an annular energizing ring (41) having a lower end insertable between the inner
and outer annular members (22, 26) of the seal ring, so that when the lower end of the
energizing ring (41) is inserted between the inner and outer annular members (22, 26) of
the seal ring, outer walls of the inner and outer annular members (24, 28) of the seal ring
are urged radially outward into sealing engagement with the inner and outer wellhead
members (18, 10); and

an annular extension (51) extending downwards and located below the seal ring,
the extension (51) having a lower surface (53) for landing on a portion (19) of the inner
wellhead member (18) and having an upward facing shoulder (55) in contact with the
inner annular member (22) of the seal ring to prevent downward deflection of the inner
annular member (22) as the energizing ring (41) is inserted between the inner and outer

annular members (22, 26) of the seal ring.
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8. The assembly according to claim 6, wherein the inner wellhead member (18) comprises a shoulder
(19) projecting radially outward to allow the annular extension (51) below the seal ring to land, the
shoulder (19) providing a reaction point during setting operations. 9. The assembly according to claim
3, wherein the gap (64) is between 0.020 to 0.050 inches. 10. A method for sealing an inner wellhead
member (18) to an outer wellhead member (10), characterized by: landing a seal assembly
between the inner and outer wellhead members (18, 10); the seal having an inner leg (22) and a
separate outgr leg (Bf) aa&tMi{3R sheirghetuisian] anbbemriexterisiog ¢mpesee AN ward from
the seal for landing; driving an energizing ring (41) into a slot (30) in the seal assembly to urge
inner and outgidrgen2D) 28)eafithe fraal réserhislytrmaandayeemeber () efdhe seH 478 outer wellhead
members (18, 10), supporting the inner leg (22) of the seal assembly with an upward facing
extension (55) to prevent buckling of the inner leg (22) during setting operations.

3. The assembly according to claim 2, wherein a gap (64) exists between a lower
end (60) of the downward extension (50) and an upward facing shoulder (62) on the

annular extension (51), prior to setting.

4. The assembly according to claim 2, wherein the annular inner member (22) of the

seal ring is rigidly secured to the inner wellhead member (18) after the seal is set.

5. The assembly according to claim 4, further comprising a locking member (52)
having at least a portion retained within a recess (54) formed in an upper interior portion
of the annular extension (51) to hold the seal ring to the annular extension (50) and allow

for axial movement of the annular extension (50) relative to the downward extension of

the seal ring.

6. The assembly according to claim 1, wherein the inner and outer annular members

(22, 26) of the seal ring form a U-shaped pocket (30).
7. The assembly according to claim 4, wherein the inner wellhead member (18)

comprises a set of wickers (20) formed on the seal surfaces, wherein the annular inner

member (22) of the seal ring is rigidly secured to the inner wellhead member (18) by the
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11.The method according to claim 10, further comprising the step of securing the extension (5_1) to the
seal with a locking member (52) having at least a portion retained within a recess (54) formed in an
upper interior portion of the extension (51) to hold the seal to the annular extension (51) and allow for

axial movement of the extension relative to the seal ring.

sealing engagement of the annular inner member (22) of the seal ring with the set of

wickers (20) formed on the seal surface of the inner wellhead member (18).

8. The assembly according to claim 6, wherein the inner wellhead member (18)
comprises a shoulder (19) projecting radially outward to allow the annular extension (5 1)
below the seal ring to land, the shoulder (19) providing a reaction point during setting

operations.

9. The assembly according to claim 3, wherein the gap (64) is between 0.020 to

0.050 inches.

10. A method for sealing an inner wellhead member (18) to an outer wellhead
member (10), characterized by:

landing a seal assembly between the inner and outer wellhead members (1 8; 10);
the seal having an inner leg (22) and a separate outer leg (26), a slot (30) therebetween,
and a an extension (51) extending downward from the seal for landing;

driving an energizing ring (41) into a slot (30) in the seal assembly to urge inner
and outer legs (22, 26) of the seal assembly into engagement with the inner and outer
wellhead members (18, 10),

supporting the inner leg (22) of the seal assembly with an upward facing

extension (55) to prevent buckling of the inner leg (22) during setting operations.
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11.  The method according to claim 10, further comprising the step of securing the
extension (51) to the seal with a locking member (52) having at least a portion retained

within a recess (54) formed in an upper interior portion of the extension (5 1) to hold the

seal to the annular extension (51) and allow for axial movement of the extension relative

to the seal ring.

14



