CASING HANGER LOCKDOWN SLIP RING [0001] This application claims priority to and the benefit
of co-pending U.S. Provisional Application No. 61/467,184, filed on March 24, 2011, entitled "Casing
Hanger Lockdown Slip Ring," which application is hereby incorporated herein by reference.
BACKGROUND OF THE INVENTION 1. Field of the Invention [0002] The present invention relates in
general to wellhead casing hangers and, in particular, to a casing hanger lockdown slip ring that
converts axial loads into radial loads. 2. Brief Description of Related Art 100031 Seals are used

between inner and outer wellpgagiNePWANGHRIEGAR DONAN SHIEFAING | pressure. The inner
wellhead member may 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
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BACKGROUND OF THE INVENTION

1. Field of the Invention
[0002] The present invention relates in general to wellhead casing hangers and, in particular, to a

casing hanger lockdown slip ring that converts axial loads into radial loads.

2. Brief Description of Related Art

[0003] Seals are used between inner and outer wellhead tubular members to contain internal well
pressure. The inner wellhead member may 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 seal
or packoff seals between the tubing hanger and the outer wellhead member. Alternately, the
inner wellhead member might be a casing hanger located in a wellhead housing and secured to a
string of casing extending into the well. A seal or packoff seals between the casing hanger and

the wellhead housing.

[0004] A variety of seals of this nature 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 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 metal-to-metal seal has inner and outer walls separated by a conical slot. An energizing
ring is pushed into the slot to deform the inner and outer walls apart into sealing engagement
with the inner and outer wellhead members. The energizing ring is a solid wedge-shaped
member. The deformation of the inner and outer walls exceeds the yield strength of the material

of the seal ring, making the deformation permanent.



[0004] A variety of seals of this nature 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 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 metal-to-metal
seal has inner and outer walls separated by a conical slot. An energizing ring is pushed into the slot to
deform the inner and outer walls apart into sealing engagement with the inner and outer wellhead
membe e_energizing ring is a solid wedge-shaped member. The deformation of the inner and
outer Wﬁ%@cﬁ@a@%ﬁ r§- EQBFF@WSWE? RS 05 i B (A JA8I MR AR RIAY e BetBrsa sl
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particul?ﬁ:é/ Wi%]nw Ilet;1 ags Iogated ttktl)e surfage, ratt]er than subsea. The well fluid flowin H‘ig)ward
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hanger and/or casing hanger can also move radlal?y ue to emperatu%e qifférentes betveen
comporfghissahdngrs difféeentasings loigrerasal elspamsion fadialwhich tlee tempienentdiffiericds are
construelad e aEahiRs hkeheelftenieait draaia g AR MR ARMIA dispiagement of
energizing rings induces a radial movement of the seal against its mating sur%aces, then sealing forces
may be FERIEEH AeIterstiydiedveindatspelhashaen aptcstioreaieabapredsing astithevheteeffettial A
reductiondpRdakiares encHae RerRiZINgdiRgd eSS D ﬁ&@%%@%ﬂﬂ@%@ﬂ%&ﬂé{a{% Feligytward

forces on the inner and outer walls of the seal ring, which may cause the seal to leak. A loss of radial

loading BEfarsenthRe Saking-fgnessmanbesistucesbthet thmovansanisidhesairial direesien i the seal to

leak. [00R&k Mo athapRaratises that _Eemeh thoxarcamethe RIRblsmsicAYSAdYXAl oyement of
the casin% hanger obtu[%lahanger include lockdown seals. Lockdown seals require formation of a
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landing sticRre:positisaatenstainshizaiellBoressthe laaldavadisgabisveun théhedpcationsonthmdanding
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lock ring groove. In addition, the use of these devices necessitate use of specialized tools and other
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[0007] Lockdown seals require a significant increase in production costs. This is due in part to
increased costs to modify the basic wellhead or landing sub to include the lock ring groove. In
addition, the use of these devices necessitate use of specialized tools and other components to
properly land and engage the lockdown seal. Furthermore, prior art lockdown seals require some
clearance between the landing sub and the lockdown apparatus of the lockdown seal. This
clearance allows the lockdown seal to land in the appropriate location relative to the wellhead
and landing sub while also providing the necessary space for the lockdown portion of the seal to

engage either the wellhead or the landing sub. The clearance also allows the landing sub to shift
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SUMMARY OF THE INVENTION [0008] These and other problems are generally solved or
circumvented, and technical advantages are generally achieved, by preferred embodiments of the
present invention that provide a casing hanger lockdown slip ring, and a method for using the same.
[0009] In accordance with an embodiment of the present invention, a subsea wellhead assembly is
disclosed. The subsea wellhead assembly includes a subsea wellhead defining a bore having a
shoulder. The subsea wellhead assembly further includes a casing hanger landed on the shoulder
within theResaif he sibpsaaviiliteas Bshgafiningdamaas wdsdainesmibemstingeatvelinart and the
casing hanger. A casing.hanger seal ring is disposed within the annulus, The seal ring is Igaged with
an inner ATt IRALEHFIRARARELAIMY SR SERE Wi @ufgéli' d?ahlf‘fset%?%euﬁél e%‘;}%ﬁeacasing
hanger ssckdatviecseaktivgpraventbdioobibrasghiibebaritukséilackstawe slip ring is secured to a
lower end of the seal ring so that, when the seal ring is energized, the lockdown slip ring engages a
substantially smooth inner diameter surface portion of the wellhead and a substantially smooth outer
diameter surface portion of the casing hanger to limit upwards axial movement of the casing hanger.
100101 In accordance with another embodiment of the present invention, a seal for sealing an annulus
between inner and outer tubular members, wherein the inner tubular member is landed in a bore of the
outer tubular member, is disclosed. The seal includes a seal ring adapted to land in the annulus and
adapted to expand radially when energized to engage an inner diameter surface of the outer tubular
member and an outer diameter surface of the inner tubular member. The seal further includes a
lockdown slip ring secured to a lower end of the seal ring so that, when energized, the lockdown slip
ring may engage an inner diameter surface of the outer tubular member and an outer diameter surface
of the inner tubular member to limit upwards axial movement of the inner tubular member. The
lockdown slip ring has a neck on an upper end of the lockdown slip ring, and the neck has a groove on
an outer diameter of the neck. The seal ring has a lower leg on a lower end of the seal ring, and the
lower leg has a recess on an inner diameter of the lower leg. A retainer ring comprising a split ring is
interposed between the neck of the lockdown slip ring and the lower leg of the seal ring so that the
retainer ring is partially within the groove and partially within the recess, securing the lockdown slip
ring to the seal ring. [0011] In accordance with yet another embodiment of the present invention, a
method for sealing a casing hanger to a wellhead is disclosed. The method begins by landing the
casing hanger on a shoulder in the wellhead. Next, the method secures a lockdown slip ring to a lower
end of a casing hanger seal and lands the casing hanger seal in an annulus between the casing
hanger and the wellhead. The casing hanger seal is then energized by exerting a downward axial
force on the casing hanger seal to compress the seal and the lockdown slip ring against a shoulder of
the casing hanger. The downward axial force causes the lockdown slip ring to engage a substantially
smooth inner diameter surface of the wellhead and a substantially smooth outer diameter surface of
the casing hanger to limit upward axial movement of the casing hanger.



[00121 An advantage of a preferred embodiment is that disclosed embodiments provide a lockdown
seal that seals a casing hanger to a wellhead without the need for formation of a groove in either the
casing hanger or wellhead. In addition, the disclosed embodiments do not require clearance between
the casing hanger and the lockdown portion of the seal in order to engage. Thus, the disclosed
embodiments may provide lockdown capability that prevents axial motion of the casing hanger caused
by high pressures and thermal expansion. BRIEF DESCRIPTION OF THE DRAWINGS [0013] So that

the manner in which the features, ' [nvention, as well as others which will
become apparent, are attained, an%ﬂgﬁmgﬁfgﬁ%jﬁﬁﬁmmﬂ, more particular description of
the invention briefly summarized above may be had by reference to the embodiments thereof which
are illusiP9f8d Hhese %ﬁb@hm@mﬁg@ graefalivsalpedroofeinyspedifibanidrieshison bdaoesds
howevel,Jiahihaigramiadsa! s iR RO RIGIRIRY smﬁ&géga@atm%nﬁdn\fﬁ%e\ﬁag Plgdhgrefore
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not to be considered limiting of its scope as the invention may admit to other equally effective
embodiRfBaEs Ipebdayrigiréngierdse Asthad doepriagdhe881§-of a casing hanger lockdown slip ring
landed in place within an annulus between a casing hanger and a wellhead. [0015] Figure 2 is a

schemaiooepieseotationohan aliematyenanksionn siginmE0be)] Iiguteadvis| heahasmatisly
represeniaton oL fodkionn AR IALSLEING.2 ST PR N aRule beepn  petnead
shoulder. The subsea wellhead assembly further includes a casing hanger landed on the shoulder
within the bore of the subsea welihead and defining an annulus between the subsea wellhead and
the casing hanger. A casing hanger seal ring is disposed within the annulus. The seal ring is
engaged with an inner diameter surface of the wellhead and engaged with an outer diameter
surface of the casing hanger so that the seal ring prevents flow through the annulus. A lockdown
slip ring is secured to a lower end of the seal ring so that, when the seal ring is energized, the
lockdown slip ring engages a substantially smooth inner diameter surface portion of the wellhead

and a substantially smooth outer diameter surface portion of the casing hanger to limit upwards

axial movement of the casing hanger.

[0010] In accordance with another embodiment of the present invention, a seal for sealing an
annulus between inner and outer tubular members, wherein the inner tubular member is landed in
a bore of the outer tubular member, is disclosed. The seal includes a seal ring adapted to land in
the annulus and adapted to expand radially when energized to engage an inner diameter surface
of the outer tubular member and an outer diameter surface of the inner tubular member. The seal
further includes a lockdown slip ring secured to a lower end of the seal ring so that, when
energized, the lockdown slip ring may engage an inner diameter surface of the outer tubular
member and an outer diameter surface of the inner tubular member to limit upwards axial
movement of the inner tubular member. The lockdown slip ring has a neck on an upper end of
the lockdown slip ring, and the neck has a groove on an outer diameter of the neck. The seal ring
has a lower leg on a lower end of the seal ring, and the lower leg has a recess on an inner
diameter of the lower leg. A retainer ring comprising a split ring is interposed between the neck
of the lockdown slip ring and the lower leg of the seal ring so that the retainer ring is partially

within the groove and partially within the recess, securing the lockdown slip ring to the seal ring.



[0017] Figure 4 is a schematic representation of an alternative lockdown slip ring. [0018] Figure 5 is a
schematic representation of the lockdown slip ring of Figure 4 energized within an annulus between a
wellhead and a casing hanger. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0019] The present invention will now be described more fully hereinafter with reference to the
accompanying drawings which illustrate embodiments of the invention. This invention may, however,
be embodied in many different forms and should not be construed as limited to the illustrated

embodimgyith SFLIQUBRIARERHRADS thesereRRAdIMeNik R R viedRA haldnisidinclesug will be

thorough and complete, and will fully convey the scope of the invention to those skilled in the art. Like

numberé fafdrghameselemanidhasbiightlesehdihe prhnd hethy irndad Hsdesitsensaelements

in alterngtiyig RMROGIENGBERR0 20N, the falawingediseyssiotkdwnalqusispesiiicairiaids ad set forth
to provide a thorough understanding of the present invention. However, it wjll be pbvious to those
skilled irFiRBSRAREST fi5a! SR RAHVE MO TR 958 ??Paldﬂ@é‘oa&ﬂﬂf%%%%ﬁ% S etate A dtitionally,
for the mestRaAHeAptaiisconparmingavelkdrlingnraniigonpsrationsganddhevike haig feenwmitted in
as much as such details are not considered necessary to obtain a. complete understanding.qf the
present fh%é?ﬁﬂBﬁ,%ﬂ%%ﬁ&%&ﬂéi&@?é&sfoﬂﬂ?e% ﬁi’ﬁdiﬁ'eé/ é‘l’(‘ﬂlfés) 9 rbéqrié’orrllggs S iR IElé)grxle erv(gn art.
100211 Refegringder Fibwrddwacasingdhdngecdibkdsating dal@xisslip inghowngaisposddiwitiihya
subsea wellhead 13. Generally, casing hanger 11 will land on oul 1 ' d 13 to
form an SR ATHE BAREN e e e B e e e
portion affaheexténphagéace lohitaping i anpénbyaoetaefshs paritighafgen interior surface of wellhead
13 at a shoulder 12. A person of ordinary skill in the art will understand that casing hanger 11 and
W6||heaCL(ﬁﬁ2]1§!)ﬁb@d@é\%i@@%@@%%k@%bmmeﬁs glehitbabibe innssdiuidar previhenmay fit

within a bore of the outer tubular member. . )
lockdown seal that seals a casing hanger to a wellhead without the need for formation of a
groove in either the casing hanger or wellhead. In addition, the disclosed embodiments do not
require clearance between the casing hanger and the lockdown portion of the seal in order to

engage. Thus, the disclosed embodiments may provide lockdown capability that prevents axial

motion of the casing hanger caused by high pressures and thermal expansion.



100221 A casing hanger seal ring 17 is interposed between casing hanger 11 and wellhead 13.
Casing hanger seal ring 17 substantially fills annulus 15 between casing hanger Il and wellhead 13,
sealing annulus 15 and setting casing hanger 11 to wellhead 13. Casing hanger seal ring 17 has an
energized and an unenergized position. When in the energized position, as described in more detail
with respect to Figures 3 and 5, casing hanger seal ring 17 will seal the annulus by engaging both the
inner diameter surface of wellhead 13, and the outer diameter surface of casing hanger 11. When in
the unenergized position, as shown in Figures 2 and 4, casing hanger seal ring 17 may be run into the
wellbore to land in annulus 15%913}?%%&5%&%9@? Hﬂéﬁ?%ﬁ/ 13, or pulled from annulus 15
between casing hanger 11 and wellhead 13. In the illustrated embodiment, casing hanger seal ring 17
include$08h3d rfar tiairth aimgnb@r & seakhinlge Fdatarksckdowtastiparnd @ 8ctand thddokengaings25e[0023] In
the iluspiaga epdmenoskdonn SR g A350UPlas (9,2 Iusn Snd.of sealiing 24 and defines an
annular protrusion that may include a taper 18 on an outer diameter at a lower end as Shown in Figure
. Lockdwibisalip drsgrasiprasbtirannyeetiourbaisé! 2 ousmissizederbdivemese badiag tey! refdreesécocthwith an
exterioriapeitaw arebP Rhrasing NARgatALSyeb &Baéﬁa%waorﬁ@%ﬂgéamwm% g,:‘af:@fsmi'aanger 11

will engage lockdown slip ring 23. Preferably, the slope of ramped surtace 20 may match the slope of

exteriorstssHiedi8hrfade 15 Bf desitgfssantrraverintiae hastaingmBbbsimenynhe slapefensd
comprise@Bangle of arrivdmriehnhdQdagreas & o YehicabRRvRYSinA R sPR Skilled in the art will

understand that any suitable angle may be used. In the illustrated embodimeént, lockdown slip ring 23
does ndPYﬁBUB“aB?ﬂ'MI%‘@féfR/@t}i’Grsfé’élaﬁﬁgj:fif‘i‘ftH’G\ﬁg\?@ﬂ‘IBE‘ktéown slip ring 23 may move radially
relative to seal ring 21. The surfaces of taper 18 and ramped surface 20 may have differing friction
factors HiH Haguaemi édassrfieoe @0 ieprasmatdikelyotbastips tinah dagrer|a&k dbhis shipyrbe aohleydad in any
suitable manper such as lgying wickers or teeth on the surface of taper 18, by using a variety of
friction ngp%)iwghéggﬁnaélg}l %%Steﬂn%&lﬁel? C&Selrn eﬂagﬁﬁfe%llnatﬁ'gﬁg}%\iljill understand that both the surface of
taper 18 and ramped surfaced 20 may include friction coatings, wickers, or the like. [0024] As casing
hanger PPIAbYEM s ssRpmyticrarsau aientdan ateragterdedideneespoing 16 of casing hanger
11 will first abut and then exert an upward axial force on casing hanger seal 17 through the adjacent
ramped|80itfgdéi 20e08 |ackdomalip riegedntitienupinaed aokiad Farcdipmitgckfiowarslip singgzeavill cause
Iockdowvg1 tﬁl}iﬁ) gﬁn@l%ﬁﬁ 1}9 move rqaad\!vaélﬁkgu&vggq%, C%gl%aqqin taper 18 with the inner diameter of wellhead
13 in response. Due to the Increase fctiona grlppn%g Orce caused by the differing frictional forces
between taper 18 and ramped surface 20, casing hanger seal 17 may not move axially in response to
upward (AU nERraRTE it DR EIAHCHA PGSRt omsoA atbrlisaaidriclockidovardl il anovement of casing
hanger 11 will be limited due to the engagement of casing hanger seal 17 with casing hanger 11.
[0025] As0d8pWigineFigisre hemalieraptesambiodivemeabeksanislitnine 23-may cafaiias two

annular (g & SOHRIRGLINE.T, 3R R0 33 SRYPIRG 1ing 27 has a protrusion 31 at



an upper end that defines a retaining groove or slot 33 in an outer diameter surface of protrusion 31.
Groove 33 may be an annular groove or alternatively, groove 33 may extend only partway around the
outer circumference of protrusion 31. Coupling ring 27 also defines an annular upward facing shoulder
35 Upward facing shoulder 35 extends from an outer diameter of coupling ring 27 to a base of
protrusion 31 such that groove 33 faces an area axially above upward facing shoulder 35. In the
illustrated embodiment, upward facing shoulder 35 has a width that is approximately half the width of a
cross section of coupliRging? EGERHAdWBreNdb RevRIngina B bBsMRRPProXimately

triangular shaped cross section having a substantially vertical surface forming the outer diameter of

couplingatn®RTiRxseadingfven shernwrrmene destipbedrehacifugl photddeidSwahdeaderamped tiarface 37
extending from the lower end of coupling ring 27,to a downward facing.shoulder 39 axially beneath
protrusi8ﬁC§TpR”R5\R/%rdé%‘ﬁl%gst%ﬁé%é,’FB%tEﬁtgrﬁQB?%l% gg:seggﬁ égulﬁl\fﬁrg%ﬁﬂg ﬁlr%gi/v?r?&%én Wickers 73
that are laglapted te engadithia inney didfaeter furfacadiivelheat &S @s shewndniFigede @ twickers
73 may gampiiss QrppIRALSRIoriR keReRlIng B HOUISSaonAI BGiAgDoMIAeR T
extends'frf An-inner diameter of coupling ring 2796 a'base o ramped surface 37. A slip ring limiter
41 may pratiesde:froih beptrtiongbf aatnpeabsuefzaral 37illofakbyireraen il sqopercanbeldnventoupiing ring
channe's,d danfEsRSRLEL (N MUEIAag SrRadlRGlh SIRH0M BTG b AR AR En,
approximately aﬁ‘way etween a lower end of coupling ring 27 and downward facing shoulder 39.
100271 Sligadnind@asempridesciemgbstanabighpsted gatbetiapdsobject having an inner diameter that is
substantially vertical, and an outer diameter comprising a ramped surface 47 adapted to mate with
ramped fgiarenIhOfNRHIRRAIHBE:S dn Miones snp &l thalinnes diassetenisuwipes may ihcludghwickers
71 adapted to errgg,age En exterior diameter syrface of casing hanger 11tort,halternkalé1ivde5 %%dearripr
surface PRIATSAHIBRAEMG RERgEr IV RiCRers P Ridy Eolh r?ge{)gﬁﬁ)ﬁisné) teaty orthe like: A Slip ring
recess 4946 daymeskin iavepachsudace drhanddExzhols inwhrgécdiic demped Sddisioeadly, Shipthing
recess 49 is an anpular recess adapted.tq.receive slip ring limiter 4E In illustrated enx iment, a
gt of S G PRI A R ey e S A e s a0 LG IS e
move axialtywithin sigh dagitecesstFoAs dshedvmsaskiparinty 2&tiay: siive italiydestsanding ebisling ring
27 through slip 1ing tecess 49, Sl er ALWIiT e moyemes iR 9daramel contact
with an ugb%gr%Ichgpﬁbogh%glu(ﬁéer%éﬁ%q%gﬁpt?)iabg relcess 49 alnd ;{?j)%}wnvsard facing shoulder 53 of slip
ring recess 49. S%p ring 29 may secure to coupling ring 27 with a.shear %emer%, such as, %hear
retaining YR BRGeEme iR prsBsie Brageht hIa b mtht 6r SR PHY S&Prsrtiva®y bupling

ring 27 diukine: Rvemirgdof Lasinghaggessing [aR28] In g idudtratediemidediméntnseah inglRdad
comprises an annular member having an approximately U-shaped cross section 57 with seal ring legs
59, 61 and éOI(}R/EP 188 éﬁf"ﬂ%ﬁvé Iebé:%‘@e&te%a]sg rg%asn[gp%o rlus%% f?cf; e@ouﬁng%né%d@%&%ﬁéte to
upward tasbugiisie)deso3tonf dfomplingrivnguziactrothedinstrateet émbodavieatpdoiver dEgneBidefines a
retainer (eqess S5 IRAITIALS to 200 aEing,0raoye. 33 AMBIRINST NG ST1AY B IRGSEA Retveen
lower Ieglg of seal ring 21 and protrusion 31 of coupling ring 27 such that retainer rng 67
substantiainfillsaggeové 88d Avpldirtioh GF reasihe rariig 6wt rtderdtitmd aetagntiere ces 88t dhfising

coupling, ag. 35 MAG A RGARANSEIR BXipbmAUeIERPhRgalding 2L When thus positioned,
the width of the combined protrusion 31 of coupling ring 27 and lower leg 63 of seal ring 21 is

approximately equivalent to a width of seal ring 21 acrass the base of U-shaPFd CJoss I?]ecéjo]r% 57.
Retainerl P67 fizgse"angs irabI g SudsiB R phenvbrafggpgneer T and wellhead 13-

Casing hanger seal ring 17 substantially fills annulus 15 between casing hanger 11 and wellhead
13, sealing annulus 15 and setting casing hanger 11 to wellhead 13. Casing hanger seal ring 17
has an energized and an unenergized position. When in the energized position, as described in
more detail with respect to Figures 3 and 3, casing hanger seal ring 17 will seal the annulus by
engaging both the inner diameter surface of wellhead 13, and the outer diameter surface of
casing hanger 11. When in the unenergized position, as shown in Figures 2 and 4, casing hanger

seal ring 17 may be run into the wellbore to land in annulus 15 between casing hanger 11 and



[0029] Energizing ring 19 comprises a ring having an axially lower end slightly larger than the slot
defined between seal ring legs 59, 61 of seal ring 21. Energizing ring 19 has an upper end adapted to
be releasably coupled to a running tool so that the running tool may run casing hanger seal 17 to the
location shown in Figure 1, and then operate energizing ring 19 to energize casing hanger seal 17.
[0030] As described in more detail below, a running tool will apply an axial force to energizing ring 19,
forcing energizing ring 19 axially into seal ring 21, providing an interference fit that will press seal ring
legs 61, 59 of seal ring 21 into adjacent wickers 67 and 69 (Figure 1 and Figure 3). This will seal

annulus™e8satvin taslgh gL A S et waen 1 e sing dxnsay bh apdnWrkibgadiitid 1A 186 art will

understandtthatitbaenergizingasing Aéhpeaydaeranergizeubysaswneiagiootak the ikealfagiReferring
now to Figure 3, casing hapnger seal 17.is run to_land and set as shown in a typical running operation.
While rdl ﬁ%&?ﬁ%s n%'ﬁ&?f’s?r{aglq%%@%géasing hanger seal 17 are as illustrated in Figure 2. An
axial force is then applied to energizing ring 19, such as with a running tool. Energizing ring 19 moves
downwd#@Z3lidiytia Higpmtet subpdinenan ehdofresirging g Yiog p BapplidsraicenteshHeradiingg

downward gl farce fo meﬁi@%@&ﬁéﬂ@?ma%%@gé ??ﬁ%}q eontnusd.application, of downward

axial force to energizing ring 19 pushes a loweren slip ring 29 into contact with exterior surface
profile 6GREABMHAAGEH ¢ 1 ndacksieatibplipZiog Riybre 2. Ransdisiy s FAgure 85 lookudiamestip ring 23

is then gampressadibeiueqnsedl dngl apdiee iR AU s el RN IIaRLA -k Jhwaward
facing shoulder 16 by energizing ring 19, causing shear pin 55 to shear. CO@l;pllrgéJ ring 27 will then
%ﬂ‘%ﬁ” iy

move afidfl BOVEREAr@tsrsIRgN angerelleudlhengage pakigva WHreing faderdemiyahsistars pinay land
against idpyaddstasing BN aladeredn ahslipopn e L& asishawerda EigtR 36 of casing hanger 11. In

the illustrated embodiment, the slope may comprise an angle of approximately 20 degrees from
vertical; however, a person skilled in the art will understand that any suitable angle may be used.
In the illustrated embodiment, lockdown slip ring 23 does not move axially relative to seal ring
21; however, lockdown slip ring 23 may move radially relative to seal ring 21. The surfaces of
taper 18 and ramped surface 20 may have differing friction factors such that ramped surface 20 is
more likely to slip than taper 18. This may be achieved in any suitable manner such as by
employing wickers or teeth on the surface of taper 18, by using a variety of friction gripping
coatings, or the like. A person skilled in the art will understand that both the surface of taper 18

and ramped surfaced 20 may include friction coatings, wickers, or the like.

[0024] As casing hanger 11 moves upward axially relative to wellhead 13, exterior surface
profile 16 of casing hanger 11 will first abut and then exert an upward axial force on casing
hanger seal 17 through the adjacent ramped surface 20 of lockdown slip ring 23. The upward
axial force on lockdown slip ring 23 will cause lockdown slip ring 23 to move radially outward,
engaging taper 18 with the inner diameter of wellhead 13 in response. Due to the increase
frictional gripping force caused by the differing frictional forces between taper 18 and ramped
surface 20, casing hanger seal 17 may not move axially in response to upward axial movement of
casing hanger 11. As a consequence, upward axial movement of casing hanger 11 will be

limited due to the engagement of casing hanger seal 17 with casing hanger 11.

[0025] As shown in Figure 2, an alternate embodiment of lockdown slip ring 23 may comprise

two annular rings, a coupling ring 27 and a slip ring 29. Coupling ring 27 has a protrusion 31 at



[00321 Downward movement of coupling ring 27 through slip recess 49 causes slip ring 29 to move
radially into engagement with casing hanger 11 in response. As slip ring 29 moves radially into casing
hanger 11, wickers 71 will grip the surface of casing hanger 11, holding slip ring 29 in engagement
with casing hanger 11. Similarly, wickers 73 will engage an inner diameter surface of wellhead 13,
holding coupling ring 27 in engagement with wellhead 13. 100331 Further downward axial movement
of energizing ring 19 causes an end of energizing ring 19 to insert into the slot formed by seal ring legs

59, 61. As S&nd PhensLalring lad #Rnsesls Qe Slataseatdingalaer S ikl slefarmradially

into engagement with wickers 67, 69, respectively. The inner diameter surface of seal ring leg 59 will

then be 3BfAMOYDIWILRERS BT BIEMIFEORAGE RHAUNAHEINCEREF dhMRYer et bPEYYing leg

61 will bg dafermed iy Wickers§emet wellisadsich formingpsealafcannuls Hefid@)3A afuting
subsea operation of wellhead 13, thermal e>§pa,nsion of casinsg suspended from casir:hg hanlger 11, or
I

fluid pre¥BUREdRTIAGMINIEST Benk RtHAE AT RATRGUIEE 101 SHRATS IS BN BIaPFRGST 185d on

casing hangeingd kirfdscaging Hapaar FdAlamps kudnane: rahe UBvady elativeataxiedlihedavBousing
13 in response to such a load, casing han%er seal 17ﬂf¥¥i” counteract thi;. move[perlg inégehfollowing
d fa oulder as 4

manner "RY¥4siAt HailRl Sat 11 dVESTISAIR ST PRT S Wil a5 RN AWard 2SS result of
the grippingetgeaeipeiokoh ok asst Tewithrthe extesosestiniacé @uptisingetiger I1. This will cause slip
ring 29 to slide further up the mating ramped surfaces 47 and 37 relative to coupling ring 27. As shown

in Figur IS Yyl iR to moweIasialy inwrsdisesHied a9 Rerease of the
width ofe[c@é g%@%ﬁ%&?aﬁ%@&%ﬁné gg‘z%r%d coupling ring %7. lS.II?% ring 29 and coupling ring 27

will now ey irgliaybaiajeicehyt vortinal ahrfasesaming showwsh Hagaer o B Ve ERtig more
tightly grip,A8RIRRRGSH 14 igwieingad L hiviarobscasing hanger sealcd 3 7Camsinied fipwand

movement of slip ring 29 is prevented when upward facing shoulder 51 of slip ring 29 lands gg slip
i

limiter 410vserats, Qb renshingg RERLIUBWArARE) v alortdst castiptuihgaraih RIREYNCREASing the

strength Qfithe el WithineRrndusiRetPO3BdReferipg o i Figiseidsthiereiskskoynianatber
alternative casing hanger seal 17. Casing ha?ger zeald.g' in(irl#ldes the co onen}tS %i%ﬁlsin%$anger

seal 17 GRRRIHCE TGt e dARHE HER ALEHBEM i RigtieY EablRY hanger SaAl
includespae@izipgsingiffngaadting e Hkel [dokingning 25niEuteviiviEné iiding sting!dd, Feal ring
21, and locking ring 25 of Figure 4 are positioned an erate as descrihed Ve, Wi t to
Figure Zeé‘ﬁfifgdjﬁ?%’ §f‘iﬁ’ﬂf§é¥a §'§ 8vf\?%0flr{) [ rrlgg4,97coa}1%si%3) Sgr?éder?rg ?ﬁ ﬁﬁg %o?i%c%]d%?ﬁ)% down
slip ring B8iittot¢kdoayrpsipudadrad’ epopiies o aafopser enfiast 328 deGn2anbokkdower S 1MER3' may
SomPrise SRR ML AR SHPIRNGIEA 2. anrha SR NG & dm bRHRNAG LR i Riokusion
31" at an upBer hathat e%lnes’ a r’etal%lng groove or slot 33" in an outer diameter surface of
protrusioppSitioiGoeper Bamaialy ek ah hatacgiob evet o rftivenpligrosve 33 sy renddnly
partway ?J&Hggh%lﬁo%tﬁi circumference of protrusion 31'. Coupling ring 27" also defines an annular
upward facing shoulder 35'. Upward facing shoulder 35' extends from an outer diameter of coupling
rd facing shoulder 35 has a

ring 27' to a base, of protrusion 31'. In the illustrated embqdiment, upw
width thaPfE2hpHRdnaé Wéi‘ﬁ’fﬁ%ﬁ/\ﬁdfﬁbéfaé’%?ﬂ 4575k gﬁgnsg%‘pgéuogﬁﬁ%?r?ﬁél%'% iner-dlameter

that is substantially vertical, and an outer diameter comprising a ramped surface 47 adapted to
mate with ramped surface 37 of coupling ring 27. A lower end of the inner diameter surface may
include wickers 71 adapted to engage an exterior diameter surface of casing hanger 11 or,
alternatively exterior surface profile 16 of casing hanger 11. Wickers 71 may comprise gripping
teeth or the like. A slip ring recess 49 is formed in ramped surface 47 and extends inward from
ramped surface 47. Slip ring recess 49 is an annular recess adapted to receive slip ring limiter
41. In the illustrated embodiment, a height of slip ring recess 49 is greater than a height of slip
limiter 41, allowing slip ring limiter 4! to move axially within slip ring recess 49. As shown,
slip ring 29 may slide axially relative to coupling ring 27 through slip ring recess 49. Slip limiter

41 will limit axial movement of slip ring 29 through contact with an upward facing shoulder 51
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[00371 A lower end of coupling ring 27" has an approximately triangular shaped cross section having a
substantially vertical surface forming the inner diameter of coupling ring 27'. The substantially vertical.
surface extends from the lower end to a top of protrusion 31'. The lower end of coupling ring 27' has a
ramped surface 37' extending from the lower end of coupling ring 27' to a downward facing shoulder
39' axially beneath upward facing shoulder 35'. A lower end of the exterior diameter surface of
coupling ring 27' may include wickers 73’ that are adapted to engage the inner diameter surface of
wellhead 13 as shown in Figure 5. Wickers 73' may comprise gripping teeth or the like. Referring to

Figure 2Ta0RAREFAESiAG LMbi drsrsrddesios shwdea dafelinitnsciesest £duplinginEG2Mmas a base

of rampestsiertacdling SHp PNGViMEehdd’ enayeRiOiHSPRRABRIHRM Bfi3RPSHaHHASR RS tO
define uipﬁeir anﬁi lower coupling ring channels 43', 45', respectively. In the illustrated embodiment, slip
i p s

ring limit&} 414 bESGHEHE 2hBINGMERER] AAINAS Daflaerr s Badiae S i iHensE ahd
downwardifaciag ghddlder 39'. [0038] Slip ring 29' comprises a substantially wedged shaped object
having an outer diameter that is substantially vertical, and an inner diameter comprising a ramped

surface g flagteia mate A B0REASIACHEL o SOURING. N0 Ahaf MM ADeiner
diameter surface may include wickers /1" adapted to engage an exterior diameter sur acego?casmg
hanger aAPErxinehafilshpeed wposargsiems’siohleesl 1B olegssiAgHargen 1dwalegerd 7homeary

comprisg OEPRINEHREIRPhIbEIKG: A1 UPHRSITREASS 49 pisdarmeddn samaad s acsiAd, 354 £xtends

inward from ramped surface 47'. Slip ring recess 497 is an annular recess adapted to receive slip ring
limiter 42CURNEnBRh Llip Fhhe gt nsiiatashembesipeatatvwen les iilinglingg 27retmioegrestiss rify recess
49'. slipligyitpadliovldinisaxiabnevementehalin HAg 9 aroMoheaniast vith dpwavd faging shoulder

51" of S'@gf ring recess 49' and downward facing shoulder 53' of slip ring recess 49'. Slip ring 29' may

secure § SBPHG TNy PRSP IRLHS A SRR Wk heich it retaimsn sinarp2subsiratirbetiiling pin

55" will preveat3axiaA rponimentrofsli fing 29’ velatveta aaupingndngeksdesinausnpisaugfisasing
hanger 17'. }99391 In the jllustrated embodi@ent, lower Ie&%ﬁ of seal ring 21 extends pasté%rotrusion

31" of colling Fing 20 BT tE R TSWRAK ARy CRBTHAETS5 B8R Couplitig Tty PP s kgfds Bibed

above, levier leythS defibiesdaprretasiver BéceSsdplproximaly tandndvacing goovedd rigretrirer ring
67 may be interposed between lowet 3 %g?eal jng 21 and. protrysion 31' of coupling ring 27' such
that reta%)ﬁ%rro ﬁhnga%%ys% us]}tlgne‘[rllaﬁ?/ ﬁl‘@léﬁgg%%e R %rz)r |cr)%ssoaﬂree%?r?eorlgﬁﬁ%{?e\fﬁﬁr%%gﬁ%gﬂﬁg %etainer
recess GBeassingToUplingbdrg Puitbiovegsddiysa seEpongerttheaxikd. movement of seal ring 21.
[0040] Referring now to Figure 5, casing hanger seal 17" is run to land and set as shown. While

running joeQuEREKS A% ey el'@'&ﬁﬂﬁ?i%scﬁ'ﬁ‘ﬁ% RANGLESERI{ RI-REAUUSHEAIRAIIR JEIoMER dhdAn axial

force is then aﬁ)plied to energizing ring 19, such as with a running tool. E.nerilzmg ring 19 moves

downwar'GEISIPFRLEShER SUIRR I 2h BhaiehersiAhg Firgaioverngtd dgsean upper end

adapted to be releasably coupled to a running tool so that the running tool may run casing hanger
seal 17 to the location shown in Figure 1, and then operate energizing ring 19 to energize casing

hanger seal 17.

[0030] As described in more detail belbw, a running tool will apply an axial force to energizing
ring 19, forcing energizing ring 19 axially into seal ring 21, providing an interference fit that will
press seal ring legs 61, 59 of seal ring 21 into adjacent wickers 67 and 69 (Figure 1 and Figure
3). This will seal annulus 15 between casing hanger 11 and wellhead 13 at seal ring 21. A -
person skilled in the art will understand that the energizing ring 19 may be energized by a

running tool or the like.

[0031] Referring now to Figure 3, casing hanger seal 17 is run to land and set as shown in a
typical running operation. While running into annulus 15, the elements of casing hanger seal 17

are as illustrated in Figure 2. An axial force is then applied to energizing ring 19, such as with a
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surfaces of seal ring legs 59, 61. Continued application of downward axial force to energizing ring 19
pushes a lower end of slip ring 29' into contact with exterior surface profile 16 of casing hanger 11
near shoulder 12 of Figure 1. As shown in Figure 3, lockdown slip ring 23" is then compressed
between seal ring 21 and exterior surface profile 16 of casing hanger 11 by energizing ring 19 causing
shear pin 55' to shear. Coupling ring 27" will then move axially downward through slip recess 49' in
response, eventually landing at a lower surface of slip retainer 41' against upward facing shoulder 51’

of slip ring, 29’ 10041 % Rovyware BQyemant A AMRIRD 41919 7idRpeR IR deerss A9rauses slip

ring 29' to move radially into enigagement with wellhead 13 in response. As slip ring 29' moves radially
into wellbreagi RS Witk PsaPRligRIR iR errrading doanalthaxd! fersoritpslipwiRges e liscahgagement

with wellpgash1g; SirpilatyeapkaEsion ¥Will@ngeaa ariauincsivmaleisnsiaae 0f pasing nrvger 11,
holding coupling ring 29' in engagement with wellhead 13. 100421 Further downward axial movement
of energ‘?ﬁ‘ﬂ‘n@fr?ﬂ 540 488 SPNEISH BB AXIGIoY HAY PEfITn ifﬁgqﬁg@gﬁ@ﬁlﬁpgaragéﬁgggﬁl ring legs
59, 61. As rerandeof enaigizing npidfdrsadsiiaihgislahsealisinglegsi@esidiltdetorseandially

outward into_engagement with wickers.67,.69, respectively. The, inner diameter surface of.seal ring leg
9 will tEH 56 BAGHEH BYPARUEGRS 67 S EAR S gel 10 A Treh Bl e Shcy SHALATT seal
ring leg Bhgwilb beadsifarniedbyinitkeass Hoaof Walllpdad 131f@Mmindl ahseainof arnidiy 16whoe4B1
During subsea operation gf wellhead 13, thermal expansion of casin ingyhanger
11, or flﬁlfgoﬁj %sgllffer Wit Slr%angﬁ l?sufglybgr}gvavt?{ cszgrs%%{r?cﬁ ﬂiﬁﬂerres(.gglaleli%fnﬁ%?&ggg‘gag%pq\%%géxial load
on casinfydisggerulder Hdbwesigr rthe I eeasedhradiadwidih of casing hanger seal 17' caused by the
movement of slip ring 29' along the ramped surface 47" will act as a type of friction lock, exerting a
radial foiﬁﬁs‘éﬂ BRSIRG HANEsT ket s AR HIbeASRASING RARE N b L itempte 40s83 R axialyoupward

relative to wellhead housing 13 in response to such a load, the friction lock caused b?«/agge radial

expansiéhPyt cadialyniiysngagin s iviibo fiea enser rﬁév‘é‘rﬁg?ﬁ?‘ﬁﬁ%ve‘ﬁfiﬁ Mdlerment'8Y &asing
hanger 1d4iTine indditional victkr of lacketewr shpiling 2 8ic caraed dfyc thim griaveaent abklipgisig 29'
along ramped surface 47' during t?éetti%% [ creasef the rad'allforce xem/afl &ﬁ}vxé%en \évellheﬁade r13 and
casing hERGer|IM THRREARATIRE N e 8 ﬁ&‘/@ggﬁra fal RBULA At EF E3Sing Nang&TSF e (A4
Accordinglyndtee distlasetventiadine htddinguidepimetas 3@ah thratagamdandidnd ddekdri Annulus
between a casing hanger and a wellhead without the need of a landing shoulder or dog recess

machi”eﬁt%% I heRlDR R TS, &tw&dé@_emeﬁﬁ%@ah qbrisnaRhaue iededionthenshoulder

or filled the dog recess that would prevent setting of the seal. In addition, the disclosed embodiments

provide 4 fietaresaintiantreiRspsibyrerginssanedstile dathngWitlireianaing baHssts the seal

increasegy §withgunagy thﬁg”ﬂ@é@'@?@ldiﬁﬁloﬁgrhﬁfﬁi{hﬂmﬂﬂ@aﬁg&g&ﬁ@ﬁd&fﬂﬁ theisaaldn, teterate
some axial shift before sealing;

i : _Instead the seal preloads a ains} itﬁﬁ%wn Ic%?d sfg\élder q(nd %'_}avents
displaceFRgscbY the %h@“ﬁéﬁﬁ%ﬁbﬂﬂfﬂgﬁfga&&% ety LIRSRiRG AHE s by Jerd%or more
cycles thancinipdataagedasignsd [HRAS] Hr igiundeasistoofl dhaiftbeaprageiigrolentibromdyftakedriany forms
and embo,dimenéé. 2cccgdin(gl?/ sgeveral variaﬁio S m%Y q% made in the foregoing without departing
from the 4SO SCAPE OPTA AvEREERS A5 g HUS' d&scribed the present invention by reference to
certain of its preferred embodiments, it is noted that the embodiments disclosed are illustrative rather
than limif@p#4 Patine svivehaparaiide rdngellbeahidtdrsmaoenpeasionsolcrare su st &dolttlitions
are contemplaied, i, the ragingediarlasHith aRHuilsSOMEBRIPRLSS: AR iRAIUEEmAY Bacprmsent

invention may be employed without a corresponding use of the other features. Many such variations

and modieEie R Rldgaseosorsiaarasn stvidusAmerdag e by HveaBiaIIRdAVRh & b AR hon a
review ofdhe fergaringdassintion of inrefgrsas: emnbedimpats. Asapringly sias 1appropoatethat the
appended claims be construed broadly and in a manner consisterlt V\{ith the sc%)edof }he lnv%ion.
this movement in the following manner. As casing hanger seal 11 moves upward, slip ring
will move axially upward as a result of the gripping engagement of wickers 71 with the exterior
surface of casing hanger 11. This will cause slip ring 29 to slide further up the mating ramped
surfaces 47 and 37 relative to coupling ring 27. As shown in Figure 3, this movement will cause

slip ring 29 to move radially inward resulting in an increase of the width of casing hanger seal 17
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What is claimed is: 1. A subsea wellhead assembly comprising: a subsea wellhead (13) defining a
bore having a shoulder (1 2); a casing hanger (11) landed on the shoulder (12) within the bore of the
subsea wellhead (13) and defining an annulus (15) between the subsea wellhead (13) and the casing

hanger (11);

a casing hanger seal ring (17) disposed within the annulus (IS), engaged with an inner

diameter surface of the wellhead (13), and engaged with an outer diameter surface of the casing
hanger (11) so that the seal ring (17) prevents flow through the annulus (15); and a lockdown slip
ring (23) secured t%?a:; lower end of the seal ring (17) so that, when the seal rin? @7 is ene[dqized, the

lockdowt &I1B FiR§

e GURINE Sisstdntialiy Shecth RferourinetEpe drfavdliioheordialellhead

(13) ancidjmehstankiallyrsmiosthsaasehsiameteloaw facerprianpibecaasing Manesy (Lhijogipit

upward

i ing hanger (1 |
%a%?‘r'%' hrgr?é/egm?% gfe fﬂ%g(? ?Tglro%gﬁ%as(%]g)hanger seal 17. Continued upward movement of
slip ring 29 is prevented when upward facing shoulder 51 of slip ring 29 lands on slip limiter 41,

thereby preventing further upward axial movement of casing hanger 11 and increasing the

strength of the seal within annulus 15.

[0035] Referring now to Figure 4, there is shown another alternative casing hanger seal 17'.
Casing hanger seal 17" includes the components of casing hanger seal 17 of Figure 2, modified as
described below. As shown in Figure 4, casing hanger seal 17" includes energizing ring 19, seal
ring 21, and locking ring 25 of Figure 2. Energizing ring 19, seal ring 21, and locking ring 25 of

Figure 4 are positioned and operate as described above with respect to Figure 2 and Figure 3.

[0036] As shown in Figure 4, casing hanger seal 17' also includes lockdown slip ring 23'.
Lockdown slip ring 23" couples to a lower end of seal ring 21. Lockdown slip ring 23' may
comprise two annular rings, a coupling ring 27' and a slip ring 29'. Coupling ring 27' has a
protrusion 31" at an upper end that defines a retaining groove or slot 33" in an outer diameter
surface of protrusion 31'. Groove 33' may be an annular groove or alternatively, groove 33' may
extend only partway around the outer circumference of protrusion 31'. Coupling ring 27" also
defines an annular upward facing shoulder 35'. Upward facing shoulder 35' extends from an
outer diameter of coupling ring 27' to a base of protrusion 31". In the illustrated embodiment,
upward facing shoulder 35" has a width that is approximately half the width of a cross section of

coupling ring 27"

[0037] A lower end of coupling ring 27" has an approximately triangular shaped cross section
having a substantially vertical surface forming the inner diameter of coupling ring 27'. The
substantially vertical surface extends from the lower end to a top of protrusion 31'. The lower
end of coupling ring 27' has a ramped surface 37' extending from the lower end of coupling ring
27" to a downward facing shoulder 39" axially beneath upward facing shoulder 35'. A lower end
of the extericr diameter surface of coupling ring 27' may include wickers 73" that are adapted tc
engage the inner diameter surface of wellhead 13 as shown in Figure 5. Wickers 73' may

comprise gripping teeth or the like. Referring to Figure 4, downward facing shoulder 39' extends
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2. The subsea wellhead assembly of Claim 1, wherein a retaining ring (67) is interposed between the
lockdown slip ring (23) and the seal ring (17) to secure the lockdown slip ring (23) to the seal ring (17).
3. The subsea wellhead assembly of Claim 1, wherein the lockdown slip ring (23) comprises: an
annular protrusion having a taper (18) adjacent the smooth surface portion of the inner diameter of the
subsea wellhead (13); the annular protrusion having a ramped surface (20) radially opposite the
taper (18), the ramped surface (20) adapted to interface with a shoulder (16) of the substantially

smooth guier.AiBM&e;Hhdie GasigINANGRE t511s9 thal HPYX%&@’&W&'@Q@@m@U%%mﬁg%%M hanger

(12) will cause the shoulder (16) to engage the ramped surface (20) and displace the annular

protrusidn ' radiamyosNeaiea s et o Ah FERRIS PeihResgRE IRCILRE SIPPSUAMELBEIHROINEE dilfeter of

the subsgawellhends st 3)saetivehareinesuiiasas PEihe tanen( kBhand theitamped ediaioad0) of the
annular protrusion define wickers adapted to engage the substantially smooth sugfaces séégde casing

hanger @PRIYHRAE I BRIENTR RFoNerp1RIover FRE QLERUN NEIINE L ASSTRBIT ST EIATNE SINTEin the
lockdowsgslip ring (23) comprises:

[0038] Slip ring 29' comprises a substantially wedged shaped object having an outer diameter
that is substantially vertical, and an inner diameter comprising a ramped surface 47' adapted to
mate with ramped surface 37' of coupling ring 27'. A lower end of the inner diameter surface
may include wickers 71' adapted to engage an exterior diameter surface of casing hanger 11 or,
alternatively an upward facing shoulder 16 of casing hanger 11. Wickers 71’ may comprise
gripping teeth or the like. A slip ring recess 49' is formed in ramped surface 47" and extends
inward from ramped surface 47'. Slip ring recess 49' is an annular recess adapted to receive slip
ring limiter 41'. As shown, slip ring 29' may slide axially relative to coupling ring 27" through
slip ring recess 49'. Slip limiter 41' will limit axial movement of slip ring 29" through contact
with upward facing shoulder 51" of slip ring recess 49" and downward facing shoulder 53’ of slip
ring recess 49'. Slip ring 29' may secure to coupling ring 27" with a shear element, such as shear
retaining pin 55'. Shear retaining pin 55' will prevent axial movement of slip ring 29" relative to

coupling ring 27' during running of casing hanger 17'.

[0039] In the illustrated embodiment, lower leg 63 of seal ring 21 extends past protrusion 31" of
coupling ring 29' proximate to upward facing shoulder 35' of coupling ring 27'. As described
above, lower leg 63 defines an retainer recess 65 proximate to and facing groove 33'. A retainer
ring 67 may be interposed between lower leg 63 of seal ring 21 and protrusion 31" of coupling
ring 27" such that retainer ring 67 substantially fills groove 33'. A portion of retainer ring 67 will
extend into retainer recess 65 causing coupling ring 27 to move axially in response to axial

movement of seal ring 21.

[0040] Referring now to Figure 5, casing hanger seal 17' is run to land and set as shown. While
running into annulus 15, the elements of casing hanger seal 17" are as illustrated in Figure 4. An
axial force is then applied to energizing ring 19, such as with a running tool. Energizing ring 19

moves downward axially in response such that an end of energizing ring 19 contacts upper
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a coupling ring (27) secured to a lower end of the seal ring (21), the coupling ring (27) having a
ramped surface (37); a slip ring (29) having a ramped surface (47) abutting the ramped surface (37)
of the coupling ring (27), the slip ring (29) held in a first position relative to the coupling ring (27) by a
shear element (55); and the slip ring (29) secured to the coupling ring (27) so that axial movement of
the slip ring (29) causing shear of the shear element (55) will cause the slip ring (29) to slide along the
ramped surface (37) of the coupling ring (27), increasing the radial width of the lockdown slip ring (23).

5.Th b llIhead f Claim 4, wherein the coupling ring (27) ramped surface (37)
facesetf?%ljl ﬁ%g?vt\é?a?ﬁ%ﬁ&nagjﬁ?%gg%t%he @8@5}%‘ FRRLCREIPY Of dPME WaKssEHANENIE LD SRUBHIBE of

Claim 4ringéfefruthes edoplingihgf(@7) rampedsurtasadBr)faeasrbesniardiamries séagaof the
wellhead (| 3).. 7. The subsea wellhead assembly, of Claim. 4, wherein: the ramped surface (37) of the
couplingg ?%r‘?ge l)(é'})l}%%re%ﬁaléw%rvx}gr gn‘ %rﬁtvfial‘%i? lﬁ%“fﬂénrrgﬁ%%ed sd?Frakgé"?'ﬁ'ﬁ%fﬂ'?g fip FifFR29) faces
upward emdpireasard between seal ring 21 and exterior surface profile 16 of casing hanger 11 by

energizing ring 19 causing shear pin 55' to shear. Coupling ring 27" will then move axially
downward through slip recess 49" in response, eventually landing at a lower surface of slip

retainer 41' against upward facing shoulder 51" of slip ring 29'.

[0041] Downward movement of coupling ring 27' through slip recess 49' causes slip ring 29' to
move radially into engagement with wellhead 13 in response. As slip ring 29' moves radially
into wellhead 13, wickers 71" will grip the surface of wellhead 13, holding slip ring 29" in
engagement with wellhead 13. Similarly, wickers 73' will engage an outer diameter surface of

casing hanger 11, holding coupling ring 29' in engagement with wellhead 13.

[0042] Further downward axial movement of energizing ring 19 causes an end of energizing ring
19 to insert into the slot formed by seal ring legs 59, 61. As the end of energizing ring 19 inserts
into the slot, seal ring legs 59, 61 will deform radially outward into engagement with wickers 67,
69, respectively. The inner diameter surface of seal ring leg 59 will then be deformed by wickers
67 of casing hanger 11, and the outer diameter surface of seal ring leg 61 will be deformed by

wickers 69 of wellhead 13, forming a seal of annulus 15.

[0043] During subsea operation of wellhead 13, thermal expansion of casing suspended from
casing hanger 11, or fluid pressure within annulus 15 beneath casing hanger seal 17' may place
an upward axial load on casing hanger 11. However, the increased radial width of casing hanger
seal 17" caused by the movement of slip ring 29" along the ramped surface 47' will act as a type
of friction lock, exerting a radial force on casing hanger 11. As a result, as casing hanger 11
attempts to move axially upward relative to wellhead housing 13 in response to such a load, the
friction lock caused by the radial expansion of casing hanger seal 17' will counteract this
movement, preventing movement of casing hanger 11. The additional width of lockdown slip
ring 23', caused by the movement of slip ring 29' aleng ramped surface 47' during setting,
increases the radial force exerted between wellhead 13 and casing hanger 11. This will then

prevent upward axial movement of casing hanger 11.
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8. The subsea wellhead assembly of Claim 1, wherein the coupling ring (27) further comprising
wickers (73) on a surface parallel to an axis of the coupling ring (27) opposite the ramped surface (37)
so that the wickers (73) engage at least one of the inner diameter of the subsea wellhead (13) and the
outer diameter of the casing hanger (11); and the slip ring (29) further comprising wickers (71) on a
surface parallel to an axis of the slip ring (29) opposite the surface (47) slidingly engaged with the
coupling ring (27) so that the wickers (71) engage at least one of the outer diameter of the casing

hanger () anddhsdnngy diameteneldne suhseavelibead (ki The aubsea weldhsadagsembly of

Claim 2, further comprising:  a neck (31) on an upper end of the lockdown slip ring (23), the neck (31)
having 2EreBvPEEy ARSI EARINBIErForAHBGIE KRyt the need of a landing shoulder’or dog

recess machined within the wellhead. Thus, there is no concern that debris may have landed on
the shoulder or filled the dog recess that would prevent setting of the seal. In addition, the
disclosed embodiments provide a metal seal that increases in strength as pressure loading within
the annulus beneath the seal increases. Furthermore, the metal seal disclosed herein eliminates
the need for the seal to tolerate some axial shift before sealing; instead the seal preloads against
its own load shoulder and prevents displacement of the casing hanger found in some cyclic

loading, allowing the seal to operate for more cycles than in prior art designs.

[0045] It is understood that the present invention may take many forms and embodiments.
Accordingly, several variations may be made in the foregoing without departing from the spirit
or scope of the invention. Having thus described the present invention by reference to certain of
its preferred embodiments, it is noted that the embodiments disclosed are illustrative rather than
limiting in nature and that a wide range of variations, modifications, changes, and substitutions
are contemplated in the foregoing disclosure and, in some instances, some features of the present
invention may be employed without a corresponding use of the other features. Many such
variations and modifications may be considered obvious and desirable by those skilled in the art
based upon a review of the foregoing description of preferred embodiments. Accordingly, it is
appropriate that the appended claims be construed broadly and in a manner consistent with the

scope of the invention.

15



a lower leg (63) on a lower end of the seal ring (21), the lower kg (63) having a recess (65) on an inner
diameter of the lower leg (63); and wherein the retainer ring (67) comprises a split ring interposed
between the neck (31) of the lockdown slip ring (23) and the lower leg (63) of the seal ring (21) so that
the retainer ring (67) is partially within the groove (33) and partially within the recess (65), securing the
lockdown slip ring (21) to the seal ring (21). 10.A method for sealing a casing hanger (11) to a
wellhead (13), comprising:  (a) landing the casing hanger (11) on a shoulder in the wellhead (13);

(b) securing a lockdown slip ring (23) to a lower end of a casing hanger seal (17) and landing the
casing %&%%‘e‘? E’é bsin an annulus between the casing hanger (11) and the wellhead (13); (c)
energizing the &assﬁ%ah%n r eaaslaélz)l bX exerEtsilrrm1 a downward axial force on the casing hanger_seal
(17) to compress the sea?%% and the Tockadwn lip ring (23) against a shoulder (16) of the casing

hanger (11); agqubsgg)\yghggggwdlgs: &%nr*%%@‘fﬁ@%ﬁ%%ﬁ%?eﬁ ; g%Jockdown slip ring (23) to engage

a substantially smooth inner diaméter su and a substantially smooth outer

diameter surfage gf{be&asine ANGRES D HERHMRMATI I IAtHROYRBER A dhescasing. Banagr (11).
(13) and defining an annulus (15) between the subsea wellhead (13) and the casing hanger

(1D

a casing hanger seal ring (17) disposed within the annulus (15), engaged with an inner
diameter surface of the wellhead (13), and engaged with an outer diameter surface of the

casing hanger (11) so that the seal ring (17) prevents flow through the annulus (15); and

a lockdown slip ring (23) secured to a lower end of the seal ring (17) so that, when the
seal ring (17) is energized, the lockdown slip ring (23) engages a substantially smooth inner
diameter surface portion of the wellhead (13) and a substantially smooth outer diameter

surface portion of the casing hanger (11) to limit upwards axial movement of the casing

hanger (11).

2. The subsea wellhead assembly of Claim 1, wherein a retaining ring (67) is interposed
between the lockdown slip ring (23) and the seal ring (17) to secure the lockdown slip ring (23)
to the seal ring (17).

i)

3. The subsea wellhead assembly of Claim 1, wherein the lockdown slip ring (23)

comprises:

an annular protrusion having a taper (18) adjacent the smooth surface portion of the inner

diameter of the subsea wellhead (13);

the annular protrusion having a ramped surface (20) radially opposite the taper (18), the
ramped surface (20) adapted to interface with a shoulder (16) of the substantially smooth
outer diameter of the casing hanger (11) so that upward axial movement of the casing hanger
(11) will cause the shoulder (16) to engage the ramped surface (20) and displace the annular
protrusion radially outward so that the taper (18) engages the smooth surface of the inner

diameter of the subsea wellhead (13); and
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11.The method of Claim 10, further comprising wickers (71, 73) on the inner and outer diameters of
the lockdown slip ring (23), wherein, in the event the casing hanger (11) moves axially upward, step
(d) comprises moving the lockdown slip ring (23) of the casing hanger seal (17) radially into tighter
engagement with the inner diameter surface of the wellhead (13) by engaging the wickers (71, 73) on
the inner and outer diameter surfaces of the lockdown slip ring (23) with the casing hanger (I I) and
wellhead (13). 12.The method of Claim 10, wherein, the lockdown slip ring (23) comprises a coupling

wherein surfaces of the taper (18) and the ramped surface (20) of the annular protrusion
define wickers adapted to engage the substantially smooth surfaces of the casing hanger (11)

and subsea wellhead (13).
4, The subsea wellhead assembly of Claim 1, wherein the lockdown slip ring (23)
comprises:
a coupling ring (27) secured to a lower end of the seal ring (21), the coupling ring (27)

having a ramped surface (37);

a slip ring (29) having a ramped surface (47) abutting the ramped surface (37) of the
coupling ring (27), the slip ring (29) held in a first position relative to the coupling ring (27)

by a shear element (55); and

the slip ring (29) secured to the coupling ring (27) so that axial movement of the slip ring
(29) causing shear of the shear element (55) will cause the slip ring (29) to slide along the
ramped surface (37) of the coupling ring (27), increasing the radial width of the lockdown
slip ring (23).

5. The subsea wellhead assembly of Claim 4, wherein the coupling ring (27) ramped surface

(37) faces the outer diameter surface of the casing hanger (11).

6. The subsea wellhead assembly of Claim 4, wherein the coupling ring (27) ramped surface

(37) faces the inner diameter surface of the wellhead (13).

7.  The subsea wellhead assembly of Claim 4, wherein:
the ramped surface (37) of the coupling ring (27) faces downward and outward; and
the ramped surface (47) of the slip ring (29) faces upward and inward.

8.  The subsea wellhead assembly of Claim 1, wherein

the coupling ring (27) further comprising wickers (73) on a surface parallel to an axis of
the coupling ring (27) opposite the ramped surface (37) so that the wickers (73) engage at
least one of the inner diameter of the subsea wellhead (13) and the outer diameter of the

casing hanger (11); and

the slip ring (29) further comprising wickers (71) on a surface parallel to an axis of the

slip ring (29) opposite the surface (47) slidingly engaged with the coupling ring (27) so that
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ring (27) and a slip ring (29) that are moveable axially between contracted and extended positions:
wherein step (a) comprises securing the coupling ring (27) and the slip ring (29) in the extended
position with a shear element (55); and wherein step (d) comprises shearing the shear element (55)
and causing the coupling ring (27) and slip ring (29) to move toward the contracted position.

the wickers (71) engage at least one of the outer diameter of the casing hanger (11) and the

inner diameter of the subsea wellhead (13).
9.  The subsea wellhead assembly of Claim 2, further comprising:

a neck (31) on an upper end of the lockdown slip ring (23), the neck (31) having a groove

(33) on an outer diameter of the neck (31);

a lower leg (63) on a lower end of the seal ring (21), the lower leg (63) having a recess

(65) on an inner diameter of the lower leg (63); and

wherein the retainer ring (67) comprises a split ring interposed between the neck (31) of
the lockdown slip ring (23) and the lower leg (63) of the seal ring (21) so that the retainer
ring (67) is partially within the groove (33) and partially within the recess (65), securing the
lockdown slip ring (21) to the seal ring (21).

10. A method for sealing a casing hanger (11) to a wellhead (13), comprising:
(a) landing the casing hanger (11) on a shoulder in the wellhead (13);

(b) securing a lockdown slip ring (23) to a lower end of a casing hanger seal (17) and
landing the casing hanger seal (17) in an annulus between the casing hanger (11) and the

wellhead (13);

(c) energizing the casing hanger seal (17) by exerting a downward axial force on the
casing hanger seal (17) to compress the seal (17) and the lockdown slip ring (23) against a

shoulder (16) of the casing hanger (11); and

(d) wherein the downward axial force causes the lockdown slip ring (23) to engage a
substantially smooth inner diameter surface of the wellhead (13) and a substantially smooth
outer diameter surface of the casing hanger (11) to limit upward axial movement of the

casing hanger (11).

11.  The method of Claim 10, further comprising wickers (71, 73) on the inner and outer
diameters of the lockdown slip ring (23), wherein, in the event the casing hanger (11) moves
axially upward, step (d) comprises moving the lockdown slip ring (23) of the casing hanger seal

(17) radially into tighter engagement with the inner diameter surface of the wellhead (13) by

18

EY



engaging the wickers (71, 73) on the inner and outer diameter surfaces of the lockdown slip ring

(23) with the casing hanger (11) and wellhead (13).
12.  The method of Claim 10, wherein, the lockdown slip ring (23) comprises a coupling
ring (27) and a slip ring (29) that are moveable axially between contracted and extended

positions:

wherein step (a) comprises securing the coupling ring (27) and the slip ring (29) in the

extended position with a shear element (55); and

wherein step (d) comprises shearing the shear element (55) and causing the coupling ring

(27) and slip ring (29) to move toward the contracted position.
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