METAL-TO-METAL SEAL WITH TRAVEL SEAL BANDS FIELD OF THE INVENTION This
invention relates in general to wellhead assemblies and in particular to a seal for sealing
between inner and outer wellhead members. BACKGROUND OF THE INVENTION Seals are
used between inner and outer wellhead tubular members to contain internal well pressure.
The inner wellhead mem i i I ing and that
supports a string of casin%ﬁg@ég%d?r%mﬁg %ﬁgﬁ%ﬁﬁ%&%%\%gg]?é%gen the casing
hanger and the wellhead housing. Alternatively, the inner wellhead member could be a tubing
hanger that afﬂﬁ&ﬂ?s%é’fﬁ’fg@f"t%ﬁiﬁ’é)&tending 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 tredhir avahiiog helatds Anpeecieodf or selhsad s tsathlamsrmtideiupingchiandeaaedl the
outer We"heaqf:ﬁ]ﬁ@kf}%@éﬁ’ﬁ{ﬁ%%&ﬁ sealsifhisNatlenave 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 byB %%8 s OFt EK]/:‘ ¥%§f§§ﬁn 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 cylindricalesllstaransed dwiivéay wner isng wsts vielbedet e lanniabera e eltrorrinteradhivel

and outer wallgapait intg sealinoRgRIEMERbuithiheinneang ameewelieadmentelsad
The energizing ring is a solid wedge-shaped member. The deformation of the seal's inner and

outer walls exBeYRE AR/ BY SPBAGHR TN AiAeng sKirsdgantm g ntdlingnealiforaskabin

permanent. Themakgrewihiketaasn Hageasing tetuaingeandhdisivgel eagmaxgcate, inner
particularly with m(lell eads Iocate%ll%te th?ugurf%ce, rgmer than ?ubsea. T ell flujd flowin

upward throug‘]’he gatugfﬁréq s Hhe%s rlngl%?f 38%?9, AR %gssgrn%?e%reue %%eglﬁ?rrlobn mé)
cafsing. Thfa tetepecdtdoe tim_:t‘&avseﬁmagdoatﬁme finel tulbhegtitang) éxam;_wd/bmbasimgl loatey evetbhmive
axially a S"9h%%BQP%%‘E‘HV&%‘?hH%eaOWSEh‘é’ "I&%@Elr\[p,e5“Q%Eiwé”%&eo@%awb‘?nér%@%?”tA

the tubing hanger and/or casing hanger can also moveé radially due to temperature differences
between compesi@ifonsglisralgibrirecoirtiptarser axpissivistvriirtidrembeeomponent
materials are constructed. If the seal has been set as a result of a wedging action where an
axial displacementiefyeofgitingfrihgsnmdiicasva tadinkmplvgadent hktheaeat.adgaiostais seals
mating surfaces,ltgenls%alin{%]forc S n}aa){ be rec u%%deig g%%grig rrnnméerprelnt [an ﬂtg‘% %irgls made
direction due fgcpl%e%seuarseog}e NemaPatrécts "K fedUCton in axial force on the energizﬁg rng
results in a recutotidn dfi tegat ddidoimieg dretid-vutwsaldstets e aits theniployedind lsuserlsvaidy b
the seal ring, X%'E‘WJW&%’%%E% 83 ﬁ%wsé%mésgmde@kﬁ%% P@M%%ﬁkge&%k%%d

its mating surfaces due to thermal trarisients may also cause the sealto leak. One approa
taken to addresdubigle sy psrob A AT REANERrmstal sesd Ban danseanrdiBteidulls-senaiated

of wickers to the exfarignaf hie casingdangagy withishrdreipbthe welliead baysing:remaining
slick. The wickers on the casing hanger sealingly engage the inner wall of the seal after it is
deformed by BB Wﬁgsa?ﬁi“fblfré‘iﬁé"é’@ﬁl TRESPIRCE! HO eI oBIEr R
due to thermahan@dpse s enefigeisg g sealsolit expesisnpedmenbantThatidadsativieakage
on the side Wlstgafgemsrllecrkagg I’oeliter walls exceeds the yield strength of the material of the seal ring,

making the deformation permanent.

Thermal growth between the casing or tubing and the wellhead may occur, particularly
with wellheads located at the surface, rather than subsea. The well fluid flowing upward
through the tubing heats the string of tubing, and to a lesser degree the surrounding
casing. The temperature increase may cause the tubing hanger and/or casing hanger to

move axially a slight amount relative to the outer wellhead member. During the heat up



Another approach called for the use of a set of wickers on both the bore of the wellhead
housing and on the exterior of the casing hanger. The wickers sealingly engaged both the
outer and inner walls of the seal after they were deformed by the energizing ring. This locked
the annulus seal into place on both sides, eliminating the effect of the moment that caused the
seal to slide and inot atg)nq tlpe slick bore s /rface asd scri(ak%etcj abgl\ég. Hg‘%e\fec? aﬁf-)al rav (!
due to thermafrérrlolvevl%ﬁ cycezleg At Contnuedincreatd inaBigoduc?t‘?on pressure & fr ulted in
seal leakage. empeahexistffomactcotinicnec thatcaddiesstththbfoahiaakagé theobidgrpansion
described abayg.Iq pRFGHIBhARGEH EXRAIRT A GINALEC PRIDIRN RiSGRLRSHIEER ARy

and outer wellhead members experiencing changes in relative positions due to thermal
affects, espectdlRy NrssaEArsien mheiglihrasdufsRIAsemgH Rinspeigiting fesbdrdieshaitagial
The following feghnigHeonay solvadhaseiRRRlan Surlty MAR Ye g ok JNMENE Qbiulk @i
embodiment of the present technigque, a seal assembly is provided g%at f?rrﬁs a mg;alé%‘)é%metal
seal and has fOSHRIS SNEHENRIHEZEPhIBTSHST S thE 8EHr S 8RBT FHE Geal aEXfHHSY
also has featuiteathdtforaentairtibe saglave ninh essuhsraasectdnetimalianbke pretisuievedféciad
result in axial movement The sealfing,nas s and eiet RS SRR SADLALIh AR
energizing ring IS pushed into the Siot uring Installation to defornt'the Inner-and outer walls
into sealing ehepigenéosswithadiablaadbe beswopaliheagaherd s saaingeuriaseraged to thermal

embodiments 3 fadial gap fxsH.Lemeen faduter wall of the seal and the inner wall of the

mating housing. Such gap is required for installation in the field and is sufficiently large to

require plastic deformatign af the seal body, hut not the energizer ring. In order.t
ebommmodate B BUL USRS e AN PRI T A AneSABrS b5 the
_metallic inlaysafiditiva bﬁackaroﬂwddkrme_tdeﬁgrastnﬂace_ﬁ dfethve sz himper avith ct_heeb«walbf. thhe
inlays have gr&&‘{ﬁéaéoﬁ%%%o@e&ﬁgﬁﬁ "sqg@d%h%f&n&@ga 2 @5@:%3!%@&'%&5‘11 ﬁ\_{y engage

configuration to assist in t e%low 0 y material to provide a sea e size and thickness of

the metallic infgénase welffiefdhr soabedianis fodeferateh tilihg steirBEinR BWdrsl Hetwakintthe
mating membgys..Ingailiystraied £Mbosimenrb.g et of mipkerada lnesisd endathibedpg rf

the wellhead housing and on the exterior of the casing hanger. The profile of each set of
wickers is inteTFOFERCHY ReNFRGMeslaiKaleakags ﬂﬂé@(‘é‘gﬁb’fg}‘tﬂ@ K ROBT the slick areas
is slightly less than the height of the soft metallic inlays located on the seal but the ratio of the
heights can vamothtreappokets edatingtytengsgef bott tovoltes andatindrotelle of tievedHicafter

they are defogmed by, e, @ﬁégsaﬁ}%{igﬁrhlb&mgh%g&riﬁﬁ@%%@hrmlmgigqﬂggg%owg

place to prevent the seal from pivoting due to the moment caused by the relative axia

movement of ehienasithisaarwaHoel $hafsasbafian thowiseydsésmeprysthsrensagismgasig. This

movement of {h& seal-assRmbieainais plhsaeialininiaybandmalgiemesirepitshdhsosiick araas
can then maintain a seal by indin_% or traveling along the slick area. Alternatively, _t‘;l?easet of

wickers can bePH5Ehtf o5t eSHEFiO8f BINGhA G et mBrrb SPLAth &% destiihsg RRAYer,

with another sebwéwickerstiacetadean thehsirgrofvénctlie minkeiheac cddnchagewiighahayite a

wellhead housing, a Christmas free, olr tultging head.
pressure still resulted in seal leakage.

A need exists for a technique that addresses the seal leakage problems described above.
In particular a need exists for a technique to maintain a seal between inner and outer
wellhead members experiencing changes in relative positions due to thermal affects,
especially those caused by high pressure and high temperature wellbore conditions. The

following technique may solve these problems.



In the embodiment shown, the seal assembly also comprises the energizing ring that engages
the slot. The retainer ring rests in a machined pocket on the outer surface of the energizing
ring. The outer leg of the seal ring is machined with a taper that engages a taper formed on
the retainer ring. The engagement ensures that the seal assembly remains intact as one solid

structure durlré%{%rﬂﬂr]%[ﬁupﬁEmméﬂ operations. The retainer ring can alternatively
pocketon't

rest in a machine € inner surface of the energizing ring to lock the seal onto the

hanger. The combination of stored energy provided for by the eg@eégizi_ng rings, the locking
mechanisms &t thie GBRedimganef the ersrtziRehRIsyCtiesshtisiradyritepigptisy dhatvirarey 2

prof(i]:_es, anelA lth@tapmpfi@ﬂaa seft ]gamelfamlay@,régwid%@s%aﬁ tight sealingenneemexisemestigsmal
conditions. Alternatively, the soft inJays may be made fram a nonmetallic material or.polymer
such as PEER FBOREtHSEIA Ry tor ey BrP RS (BRIHAVIERY Siifd) BelRsed tema
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invention; Figur%abals a sectional view of the'seal as Figure 1 in the set position with
deformation ofefreredld amersute ipnésr melie feloineatios rekpaeemeh EithaRilssd and omtstweEhead
invention. DETANER DESCRIPTION OF THE INVENTION Referring to Figure 1, an

embo_diment_ of the invention shows a portion of a high pressure wellhead housing 10.

s example. U LML BB ErG A B s B AL R T

member compirisena eadliog thangeng Howsmgh Bishgemipadiathdifofiguadatiovitinithbdreddldand

Alternately, Wﬁl I&%&&Wﬁ%&'& ?Qdﬂgepﬁé%tic deformation of the seal body, but not the energizer
ring. In order to accommodate sealing over scratches and surface trauma of the wellhead
members, soft metallic inlays form a band around the exterior surfaces of the seal inner
and outer walls. The inlays have grooves formed on the sealing side of the inlay and are
preferably in a V configuration to assist in the flow of inlay material to provide a seal.

The size and thickness of the metallic inlays are sufficient to provide for scratch filling

and therefore sealing between the mating members.

In an illustrated embodiment, a set of wickers is located on both the bore of the wellhead
housing and on the exterior of the casing hanger. The profile of each set of wickers is
interrupted by a cylindrical slick area. In this example, the height of the slick areas is
slightly less than the height of the soft metallic inlays located on the seal but the ratio of
the heights can vary. The wickers sealingly engage both the outer and inner walls of the
seal after they are deformed by the energizing ring. The wickers grip the seal ring walls
and lock it into place to prevent the seal from pivoting due to the moment caused by the
relative axial movement of the wellhead members. If thermal growth cycles or pressure
cause axial movement of the seal assembly, the soft metallic inlay bands deformed
against the slick areas can then maintain a seal by sliding or traveling along the slick area.
Alternatively, the set of wickers can be located on the exterior of an inner wellhead

member such as a tubing hanger, with another set of wickers located on the bore of an



tubing spool or a Christmas tree and casing hanger 15 could instead be a tubing hanger, plug,
safety valve, or other device. Casing hanger 15 has an exterior annular recess radially spaced
inward from bore 11 to define a seal pocket 17. Wickers 12 and a slick area 13 are located on
the wellhead bore 11 and wickers 18 and a slick area 19 are located on the cylindrical wall of
seal pocket 17. In this example,.the profiles of gach set of wickers 12, 18.are interrupted b

the sick area<15! 16 St o0 B 1 5 HEra B I e S e
13, 19. Howeerdthe wickers 12, 18 and slick areas 13, 19 may be configured in other
arrangements. For example, the slick areas 13, 19 may be located at one or more ends of a

single set of WickggSehbolifnéathBoimaniptessuping e wikkesmpAsdSind metalAagmeial saal
assembly 21 is located in sear,l1r ocket 17. Seal assembly 21 includes a seal ring 23 formf%of
i gB fhe

a metal such SRE3ESE(" é!acltr S FRICLHNR ARSI WAR %IBHS’ ROSELPIhIEr % Iﬁ%’&aﬁ??
sealing againshthgixyfindrcalivalbobcising Henge! fibg Sembringcddvitsanmuttaivalpsgriace

29 comprised,of ouger seal | 1 that seals agaipst well ' dnthi

example oute} \R/éa%ll}%%dﬁ?ﬁr%%nég}%}l% %fﬁhegl%% a géék %n%%’g%%%ﬁe%ag%{f #ﬁ%iégr]naioéésembly
alternatively nigdeifsonteat 8o anneekiflistiweitesidhonp yding. seithasmEEeval operations. The
(poly-ether-ethggikeyianeLaf Riemmipobiphesyiane sulifed Fackeyvall s iacR2urdiSof the

cylindrical and smooth, except for the portions of the walls containing the soft metal inlays 33.
The inlays 33950848 5ELFPHl O th@ iR s RF&EE of the inlay 33. The grooves are

preferably in a V configuration and assist in the flow of inlay material to provide a seal. Inlay
33 aligns withBmeothbiyditicricd] sarfdcendéZarpdov8iovhér soallzsseengixing] riwgs, pbekieckingin

this example, Seal HiNg:¢ 3,15 HO! e RHENAHa NAYIages /‘i%"?{nlg,e?ﬁé)Ql%il'}ér@ﬁ%v‘{ﬁ%é%&iﬁgadh@”9
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that is bi-directional may be used. The upper section has a slot 35. The inner and outer
surfaces formigkstopasilesnindsthe sasilisnbypiidpesr solaxeerravidon &9shedirarghingannder
energizing ringk i, £NGRL[ISIBhIRAR tha MRS RINS tRNSsai 3185 NEad Tois feige e d
into slot 35 by a running toql (not shown) connected tQ grooves 43 on the inner diameter of
upper energiZifiHif E‘ftﬁﬂﬁhgoéeﬁﬂ%‘pﬁﬂte?ﬁ&ti\@y?ggﬁ 2 SR AN Y Y 2ty ARG
41 may be pagicfphetritgdatfigdpwered into bore 11, the weight of which forces energizing
ring 41 into slot 35. If retrieval is required, the grooves 43 can be engaged by a retrieving tool
(not shown) te; RUHFERREHRNGTHN F fieP PRAPRSIIER. Energizing ring 41 can be formed of
metal, such as steel. The mating surfaces of energizing ring 41 and outer seal leg 31 may be

formed at a lockin er. L
Olﬂcigur {aiFs) 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;

Figure 2 is a sectional view of the seal assembly of Figure 1 in the set position with
deformation of the seal and soft inlay material in accordance with an embodiment of the

invention.
DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1, an embodiment of the invention shows a portion of a high pressure
wellhead housing 10. 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 11 located therein.

In this example, the inner wellhead member comprises a casing hanger 15, which is

shown partially in Figure 1 within bore 11. Alternately, wellhead housing 10 could be a



In an embodiment of the invention, an outwardly biased retainer ring 44 is carried in a pocket
45 on the outer surface of upper energizing ring 41. Ring 44 has parallel grooves 47 on its
outer surface and an edge that forms an upward facing shoulder 49. The inner surface of
outer seal leg 31 contains a downward facing shoulder 51 that abuts against shoulder 49 of
retainer ring 44, preventing energizing ring 41 from pulling out of seal ring, 23 once the two are
engaged. As SRR RP G ou T e oo and St il 2 SRR
surface of outpligeatfety 3alvRarallehgrabyes 55 asinfoharagrohStiesirmeegerieicenof butecesal
leg 31 just be'r%a[ﬁg%ﬁ&céc?i&%é%ﬂfﬁﬁ?%@% g AhdsaSeh Al ?H!”Q&f‘_fﬁ(w&”@%}{@ %as@aauy

from pocket 45, and grooves 47 on the outer surface of retainer ring 44 wi engage an

ratchet by grotivad Sareleardmnaheiieibeadoidl sodiMdekaes 1B erthy sk Ay fisdosates

seal ring 23. Rataineayy{ng#41 G110\t vl relativg texakpmyesdprdINE Nt WRNaE. of
Energizing ring 41 has a wedge. member 61 or engaging portion that engages slot 35. .
Energizing rintf44¢Fal2ar hffsr LiFaREd Py aﬂ?@g gmﬁac@e@?&%@g@ﬁh@ﬁ oppShe
inner sidewall®aftsioitadrase dkling B3 slivkerrend dutdr Jdofaceas,GBs 6bcokay i $8aightlick
surfaces as shownlgr rved,surfaces. %Iow r extension 56 secures b thr&adf,t the Ioi/ger
. reas mady be configuiéd in cr arraéxgeanen S. Or €xa le, €S 1c(§2fareas ,
portion of sea?rlng 3. The fower extension 56 exten own to contact'an upward facing
shoulder (not Ehowap) snldsetédterionobraning ¢raligdr 4 singleesplaglatickiie IGwép csadnsithase
can extend dqm&;gpgggt@gt\gi@%m@qéacing shoulder (not shown) on a locking mechanism

that locks the seal assembly to a wellhead member as the energizing ring 41 applies force

through the seal ring 23 and down through the lower extension 56. . In qperation of th
embodiment é?‘udWﬁ 't(f—"faﬁ%ssia ﬁ&s??@}’u?}ﬂhsglf’c%fegrlsrlsr?élrl(%‘fkstov?h)?%e%?tgsc eé%) %éal

assembly 21 (kéfputes & )sealdilgy@Sréutnntd dfie setl podket dtéclorfretiring Rithexteriomenwal b2 5

fth ' ) ft | ' L
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is pre-assemisied viith2Srimagizingteinyadlisuréesst smeprscseboviangsed land lethersmin maiagt

connected to QRARAPIREIIIEEENTING:LAAL QkAHIE Rt $70V99) CRnde Alshediedhiests
43 on energizin rin%;ﬁ41. The outer wall 29 of outer seal leg 31 will be close#%spaced to

wickers 12 art?&/i€ated3 ntthdnlibm i ehsred el 1Rt dioman S8mTAkIcswaleg 27
will be closelyspasadiicrias PHEKE(olP anet-slisk-aegtodd onrhs @iipgiiasiivwaltaifisen| packet

17. The running tool ar string (not shqwn).will then push the energizing ring 41 downward with
sufficient forc@%&cﬁ"i‘r%g? t#ge végdléec & bcggélf erslgé)é’tes} Re< %t%%ﬂ% ?Jslé)%éﬁlprl&r}fgrgﬁl\({:vf
outer seal _Ieg&ﬁtﬁirﬁ@gtmhmm nmﬁaﬂyIWBfrdﬁleeatays)ﬂﬁehm gmnzvasirfpﬁigidret_ﬁth'érﬁedhn@r
wall 25 of inngtgegl t}i%%l?il%"vﬁﬁ.e”PE%%HS&%‘@’QQ‘ZB%&&&&??@'%1”9 COORAGRRNLWAIlE JOPiRYIRr

wall 29 of outer seal ill'em Into wickers 12 in"sealing engagement. Further, the
soft metal inldlo®306intAe wateral &l S vidh asestmlinlgsinsalignsNekbaragoto Gfipdiegdipiiag]
wall of seal pagkglil o Whils dha SQEBRTaN iINGY 31 the outer wall 29 will deform against the
slick area 13 of the wellhead housing bore 11, effect a seal. The soft metal inlays 33 can also
embed into w{clggrs 12h11 deep?ndin%on the_(smei%ht reltig b?ntwer(lan the? inI&ys %%lan wéavgycak
areas 13, 19. Bur}%ﬁxt%ep BWHWATE movement of t r(laaéng‘r/gl ira1g ‘rlfﬂ)g 2 FeRnve o the<eal
assembly 21 stiab ingwlsatdiy hidsecticetdineryrirgudatiridds agpimsectordn s shus 3hoWieimner
Figure 2, as theWedge MEIDSLSHQf s SRIHEING A I NARAERAN QPO SRt ay be
retainer ring 44 and grooves 55 engage and ratchet by grooves 55 on the inner surface of
seal leg 31. Adraighisult, retainer ring 44 locks energizing ring 41 to seal ring 23 as shown in
Figure 2, preventing retainer ring 44 from working its way out of the seal ring 23. Vent
passages or penateatiomeies mashesircdoposatedctiacippsatigeinanibep Gingrdd thrfoughl
upper energiziag,ind (4, go et a hydrauliglockcpndiion dess. ot prey ent, 2ol make:Up of
the energizeran seaﬂ system. "Su sequen’ﬁl)% dari g proauc ion, hot we Prtiicls may cause
the casing to igrewdisiadtyrchfauppehenmalzimgwithg #isduting settingy halerorti®inaggahassembly
upward relative to the wellhead housing 10. The inner seal leg 27 will move upward with the
casing hanger 15 and relative to the outer seal leg 31. The retainer ring 44 will grip the

5



If the seal formed by the wickers 12, 18 and the inner and outer seal legs 27, 31 is
compromised due to excessive thermal growth cycles or higher operating pressures, then
some axial movement of the seal ring 23 relative to wellhead housing 10 or the casing hanger
15 may occur. The soft metal inlays 33 deformed against slick area 13 on the wellhead bore

11 and slick agea 19 on the cylindrical wall of seal.pocket 17 will accommodate this axial .
movement to MR SEAIT SR EHaFE B CaE et P e i izt
higher operatinfyvyhesstmessosnstigng aioggHhmtsligktaiéad B ri@al ntheqoiredt trapgxmaies 43

assembly 21 ig,fp {42 SEmENPHI RN o3I RIIAJRRY 15 GAINERIRAIALYERUR IR AR o

upper energizing ring 41."An upward axial force is applied to upper enerl%lzmg rng 41, causing
it to withdraw RS Stot S irngHadd 7ig b fRsrarechigagal gibtvassisslonldednidigeurfaces

However, duede-feiining riosdeis 4% 2talapediang sndrhewil sanrinengaged with seal
ring 23, preventing the two from fully separating (Figure 1). In an additional embodiment (not

shown), the shck areas 13, 13 %‘F‘%ﬂg%&%&%&}h% '&3’%’%&%&%&8&%‘%&% f; %4%%&59!!—&%&13%
soft metal |nlaysa§13 are also located lower on the Inner and outer sea egs 27,3110
correspond witholkes 4dcettiths efresstfekearbarpancanrgiddigcing emboamiéhagrnratelgryomse

wellhead housing, 1Q.could De@lURIAGSRARL A2 foRHiSINAB RS- HUFSISKOMME: H0e GRSiNther

hanger 15 could instead be a tubing hanger, plug, safety valve or other device. While the

ger, : .
invention has BEESSAbRIGEH RIS AR ALGERGEAIE"grHSR 'S tHBYe BRI ts3H M e
art that it is nahsailisaiteddIutisisssaepiifalepievsatiop s shanaeas igholtdepaitiigefem dheeal
scope of the invengion. For example, the seal could be configured for withstanding pressure in
two directionsflﬁg(%sﬂ%ccﬁ tﬁg\t/mogag%ngﬁ%?%?izing rings. In addition, each energizing ring could

be flexible, rather than solid. WHAT IS CLAIMED IS: 1.A wellhead assembly glo) with an
axis, comprisifig:shown in Figures 1 and 2, a recess 53 is formed below shoulder 51 on the inner

surface of outer seal leg 31. Parallel grooves 55 are formed on the inner surface of outer
seal leg 31 just below recess 53. When energizing ring 41 is set, retainer ring 44 will
move radially from pocket 45, and grooves 47 on the outer surface of retainer ring 44 will
engage and ratchet by grooves 55 on the inner surface of outer seal leg 31, locking
energizing ring 41 to seal ring 23. Retainer ring 44 can move downward relative to

grooves 55, but not upward.

Energizing ring 41 has a wedge member 61 or engaging portion that engages slot 35.
Energizing ring 41 has an inner surface 63 and an outer surface 65 for engaging the
opposite inner sidewalls of slot 35 in seal ring 23. Inner and outer surfaces 63, 65 may be

straight surfaces as shown, or curved surfaces.

A lower extension 56 secures by threads to the lower portion of seal ring 23. The lower
extension 56 extends down to contact an upward facing shoulder (not shown) on the
interior of casing hanger 15. Alternatively, the lower extension 56 can extend down to
contact an upward facing shoulder (not shown) on a locking mechanism that locks the
seal assembly to a wellhead member as the energizing ring 41 applies force through the

seal ring 23 and down through the lower extension 56.



an outer wellhead member (10) having a bore (11); an inner wellhead member (15) adapted
to be located in the bore (11); opposing seal surfaces in the bore (11) and on an exterior
portion (17) of the inner wellhead member (15); a set of wickers (12, 18) formed in at least
one of the seal surfaces and a smooth cylindrical surface (13, 19) adjoining the set of wickers

(12, 18); alseal p éZ? Eeetevyn el lme inper : zrilnl(rjl guter W?IIQ1 memberst(glp h (I
inner and outer Wgﬁ é Separate dﬁf)y a generaﬂ% cyTln rica s?olfu&g?gan Inla t‘%d? )
ofa deformabkdaqwabemattanlmdemﬁfthbawaﬂ@bzslzg)gawdl) and rlosyrsedi Mty ti‘iﬁge(?ﬂ]})@éﬁfeizilly

cylindrical in spape With $raeas.(6h-0k that Slidingly engaog.tnginnesanehowist wallsH(dn

29) in the slot (35 oft e seal ring (23) during installation to push the inner and outer walls

(25, 29) into s&4h saéﬁﬁ’aﬁéﬁqé(htwmmﬂi*ﬁé%ﬁ’é?’%ﬁﬁ&‘@ﬂt@? e thehoualder 8oy gyown) of
whereupon  henQdmiNRaERISIR5, 28) RsthtBealiNingRYsemibess With EiRgeliof vwﬁgm

(22,10 ey o Gy gt e et st (O S
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18). wall 29 of outer seal leg 31 will be closely spaced to wickers 12 and slick area 13 on the
wellhead bore 11. The inner wall 25 of inner seal leg 27 will be closely spaced to the
wickers 18 and slick area 19 on the cylindrical wall of seal pocket 17. The running tool
or string (not shown) will then push the energizing ring 41 downward with sufficient
force such that the wedge member 61 engages the slot 35 to cause the inner and outer seal
legs 27, 29 to move radially apart from each other as shown in Figure 2. The inner wall
25 of inner seal leg 27 will embed into wickers 18 in sealing engagement while the outer
wall 29 of outer seal leg 31 will embed into wickers 12 in sealing engagement. Further,
the soft metal inlay 33 on the inner wall 25 will deform against the slick area 19 of the
cylindrical wall of seal pocket 17 while the soft metal inlay 33 on the outer wall 29 will
deform against the slick area 13 of the wellhead housing bore 11, effect a seal. The soft

metal inlays 33 can also embed into wickers 12, 18 depending on the height ratio between

the inlays 33 and the slick areas 13, 19.

During the downward movement of the energizing ring 41 relative to the seal assembly
21, the outwardly biased retainer ring 44 rides against recess 53. As shown in Figure 2,
as the wedge member 61 of the energizing ring 41 advances into slot 35, the retainer ring
44 and grooves 55 engage and ratchet by grooves 55 on the inner surface of seal leg 31.
As a result, retainer ring 44 locks energizing ring 41 to seal ring 23 as shown in Figure 2,
preventing retainer ring 44 from working its way out of the seal ring 23. Vent passages
or penetration holes may be incorporated across wedge member 61 and through upper
energizing ring 41 so that a hydraulic lock condition does not prevent axial make-up of

the energizer and seal system.



3. The assembly according to claim 1, wherein the inlay band (33) has V-shaped grooves
formed therein prior to deformation. 4. The assembly according to claim 1, wherein the inlay
band (33) is made out of a metallic material. 5.The assembly according to claim I, wherein
the inlay (33) is made out of a non-metallic material. 6. The assembly according to claim 5,
wherein the n%ﬂb@e%@}fﬁyrpﬁlﬁﬁﬂgl ﬂ?o@gyg)g,eﬂ&e\ggllsﬁm § F;}F/) %zlhse the casing to grow axially
due to thermal growth. If so, the casing hanger 15 may move upward relative to the
wellhead housing 10. The inner seal leg 27 will move upward with the casing hanger 15
and relative to the outer seal leg 31. The retainer ring 44 will grip the grooves 55 to resist
any upward movement of energizing ring 41 relative to outer seal leg 31. The wickers
12, 18 will maintain sealing engagement with the inner wall 25 of inner seal leg 27 and

the outer wall 29 of outer seal leg 31.

If the seal formed by the wickers 12, 18 and the inner and outer seal legs 27, 31 is
compromised due to excessive thermal growth cycles or higher operating pressures, then
some axial movement of the seal ring 23 relative to wellhead housing 10 or the casing
hanger 15 may occur. The soft metal inlays 33 deformed against slick area 13 on the
wellhead bore 11 and slick area 19 on the cylindrical wall of seal pocket 17 will
accommodate this axial movement to maintain sealing engagement during these
excessive thermal growth cycles or higher operating pressures by sliding along the slick

areas 13, 19.

In the event that seal assembly 21 is to be removed from bore 11, a running tool is
connected to threads 43 on upper energizing ring 41. An upward axial force is applied to
upper energizing ring 41, causing it to withdraw from slot 35 and retainer ring 44 to
disengage grooves 55 on seal leg 31. However, due to retaining shoulders 49, 51,
energizing ring 41 will remain engaged with seal ring 23, preventing the two from fully

separating (Figure 1).

In an additional embodiment (not shown), the slick areas 13, 19 are located at the lower
ends of the wicker 12, 18 profiles. The soft metal inlays 33 are also located lower on the

inner and outer seal legs 27, 31 to correspond with the location of the slick areas.

In an additional embodiment (not shown), the wellhead housing 10 could be a tubing
spool or a Christmas tree. Furthermore, the casing hanger 15 could instead be a tubing

hanger, plug, safety valve or other device.



7.The assembly according to claim 5, wherein the non-metallic material is poly-
ether-ether-keytone (PEEK). 8.The assembly according to claim 1, wherein said at least one
set of wickers (12, 18) comprises two sets of wickers (12, 18) with the smooth cylindrical
surface (13, 19) located there between. 9.The assembly according to claim 8, wherein one of
the sets of wickers (12,.18 for in each of. the eal sur H’] smooth

all Be
cylindrical suﬁcg@ei %111 “%8 oIns eacrhS Pihe Sets & f%?cﬁggs(?toimﬁ d one o aéelrrlﬁays

(33) is locatectlmrse skihlasf metlwang (23, 29y. not so limited but is susceptlble to various changes

without departing from the scope of the invention. For example, the seal could be
configured for withstanding pressure in two directions, if desired, having two energizing

rings. In addition, each energizing ring could be flexible, rather than solid.



10.The assembly according to claim 1, wherein an axial dimension of the inlay (33) is greater
than an axial dimension of the smooth, cylindrical surface (13, 19). 11.A wellhead assembly
comprising: an inner wellhead member having a wicker profiles (12, 18) and an adjoining
slick area on its exterior surface; an outer wellhead member having a wicker profile and an
adjoining slick akgg g% fts dftgiigEgHiéace; and a metal seal ring having inner and outer walls
separated by a slot, comprising: a soft inlay located on the exterior surfaces of the inner and
outer walls; and] aAmweetﬁ}Ilgearaers%zir% r&rfg)gveperall cylindrical in shape with surfaces that

slidingly engage the inner and outer ﬁfnva%'s in‘the }éﬁ:ﬁ %Il%h‘éogqé)ﬁsﬁlr‘%é as the energizing ring

moves downward during installation to push the inner and outer walls into scaling
engagement between HeHiFerdhgadursmbenHeibaviage dhd, while in sealing in sealing
engagement, wherein portions of the walls embed into the wicker profiles; the inlays deform
against the slick areasan inner wellhead member (15) adapted to be located in the bore (11);

opposing seal surfaces in the bore (11) and on an exterior portion (17) of the

inner wellhead member (15);

a set of wickers (12, 18) formed in at least one of the seal surfaces and a

smooth cylindrical surface (13, 19) adjoining the set of wickers (12, 18);

a seal ring (23) between the inner and outer wellhead members (15, 10) having
inner and outer walls (25, 29) separated by a generally cylindrical slot (35), an inlay

band (33) of a deformable material on one of the walls (25, 29); and

an energizing ring (41) generally cylindrical in shape with surfaces (63, 65)
that slidingly engage the inner and outer walls (25, 29) in the slot (35) of the seal ring
(23) during installation to push the inner and outer walls (25, 29) into sealing

engagement with the inner and outer wellhead members (15, 10); whereupon

one of the walls (25, 29) on the seal ring (23) embeds into the set of wickers
(12, 18) and the inlay band (33) deforms against the smooth cylindrical surface (13,
19) adjoining the set of wickers (12, 18).

2. The assembly according to claim 1, wherein the inlay band (33) has an axial

dimension smaller than an axial dimension of the set of wickers (12, 18).

3. The assembly according to claim 1, wherein the inlay band (33) has V-shaped

grooves formed therein prior to deformation.

4. The assembly according to claim 1, wherein the inlay band (33) is made out of

a metallic material.
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and the wicker profiles are located above and below the slick areas on both of the wellhead
members. 12. The wellhead assembly of claim 11, wherein an axial length of each inlay is
larger than an axial length of the slick area that it engages. 13. The seal assembly according
to claim 11, wherein an axial length of each inlay is less than an axial length of either of the

wicker profles. 34 TheysealagsRmbl ARG IR FaAMcl WRSHR 19 sfhmptainiashas

a V-shaped groove formed therein prior to deformation. 15. The seal assembly according to
claim 11, wherefPth@sHHI 183158k out of a non-metallic material. 16. The seal assembly

according to claim 11, wherein the inlay is made out of a metallic material. 17. A method for
sealing an innerwellhedid mesanbdy vabersimg tvordaoh an outercinellitenchmemmbisr neganjplising:
providing opposj ﬁg{ﬁgﬁ[}aﬁﬁﬁdg(@ﬁ?ore and on an exterior portion of the inner wellhead

member; providing on at least one of the seal surfaces a set of wickers and a smooth

cylindrical surfage adjojning the set of wickers; . . . o
y C7 : ’Fﬂe gssembﬁy accor c1:ng to claim 5, wherein the non-metallic material is poly-

ether-ether-keytone (PEEK).

8. The assembly according to claim 1, wherein said at least one set of wickers
(12, 18) comprises two sets of wickers (12, 18) with the smooth cylindrical surface

(13, 19) located there between.
9. The assembly according to claim 8, wherein one of the sets of wickers (12, 18)
is formed in each of the seal surfaces;

one of the smooth cylindrical surfaces (13, 19) adjoins each of the sets of

wickers (12, 18); and
one of the inlays (33) is located on each of the walls (25, 29).

10.  The assembly according to claim 1, wherein an axial dimension of the inlay

(33) is greater than an axial dimension of the smooth, cylindrical surface (13, 19).
11. A wellhead assembly comprising:

an inner wellhead member having a wicker profiles (12, 18) and an adjoining

slick area on its exterior surface;

an outer wellhead member having a wicker profile and an adjoining slick area

on its interior surface; and
a metal seal ring having inner and outer walls separated by a slot, comprising:

a soft inlay located on the exterior surfaces of the inner and outer walls; and
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providing a seal assembly with inner and outer walls separated by a generally cylindrical slot
and an inlay band of a deformable material on at least one of the walls: landing the seal
assembly between the inner and outer wellhead members; driving an energizing ring into
the slot in the seal assembly to urge the inner and outer walls of the seal assembly into

engagement with the inner wellhea ers: in e kY. hand s
deformed against the Emgolgﬁ?geﬁ#]%%lc I é%%a%%%%ﬂ ognn?gl]l t é% ?e’?g)fs\?v?cgersl; ar?d at Ieats.}{a(t)ne
of the inner and Bidkiaelangasedhsiaaicndaditisvite wehoslriaidhs sirlaineasttbhensraid tner

and outer wellhgag RyMRess ARG \WheneHg thetinags MeNHeh GRENRISE SAICIHATVanRdfio 18.
The method according to claim 19, wherein the smooth cylindrical surface is placed between
upper and |oweﬁﬁ%m%ﬁ§%§1gﬁ%e%te??ﬂ”ﬁﬁ8k%‘f’s.‘“&@ eo%gfh%%ﬁg ac%?ﬁ?ﬁ‘ﬁ???o %rfgﬁn‘”n’v ge i
wherein the inlayebhngliisspidiog d pageachoivitecivalls; and wherein the set of wickers and the
smooth cylindrical surface are placed on each of the surfaces.

portions of the walls embed into the wicker profiles;

the inlays deform against the slick areas;

and the wicker profiles are located above and below the slick areas on both of

the wellhead members.

12.  The wellhead assembly of claim 11, wherein an axial length of each inlay is

larger than an axial length of the slick area that it engages.

13.  The seal assembly according to claim 11, wherein an axial length of each inlay

is less than an axial length of either of the wicker profiles.

14.  The seal assembly according to claim 11, wherein the soft metal inlay has a V-

shaped groove formed therein prior to deformation.

15.  The seal assembly according to claim 11, wherein the inlay is made out of a

non-metallic material.

16.  The seal assembly according to claim 11, wherein the inlay is made out of a

metallic material.

17. A method for sealing an inner wellhead member wherein a bore of an outer

wellhead member, comprising:

providing opposing seal surfaces in the bore and on an exterior portion of the

inner wellhead member;

providing on at least one of the seal surfaces a set of wickers and a smooth

cylindrical surface adjoining the set of wickers;

12



providing a seal assembly with inner and outer walls separated by a generally

cylindrical slot and an inlay band of a deformable material on at least one of the walls:
landing the seal assembly between the inner and outer wellhead members;

driving an energizing ring into the slot in the seal assembly to urge the inner
and outer walls of the seal assembly into engagement with the inner and outer

wellhead members, wherein:

the inlay band is deformed against the smooth cylindrical surface adjoining the
set of wickers; and at least one of the inner and outer walls is embedded against the

set of wickers on at least one of the inner and outer wellhead members; and
wherein the inner member comprises a casing hanger.

18.  The method according to claim 19, wherein the smooth cylindrical surface is

placed between upper and lower portions of the set of wickers.

19.  The method accordingly to claim 19, wherein the inlay band is placed on each
of the walls; and wherein the set of wickers and the smooth cylindrical surface are

placed on each of the surfaces.
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