Bl - DI RECTI ONAL METAL- TO METAL SEAL Field of the Invention: [0001] This
invention relates in general to well head assenblies and in particular to a
seal for bi-directionally sealing between inner and outer well head nenbers.
[0082] Background of the Invention: [0003] Seals or packoffs are typically
used as a pressure barrier r en i nner and outer

wel | head tubul ar rrenb@ll'é)%&&%ﬂﬁéﬁw T%tlﬁig)ramﬂﬁéﬁ% essure. The inner
wel | head nenber may be a casing hanger located in a well head housi ng and
that supports a string of casing extending into the well or a tubing hanger
t hat supp%reﬁ(f F III’II’I of tubing extending into the well for the flow of
producti o of the Toveny ‘H@ hangers generally are landed in a wel | head housi ng
whereas tubing hangers are typically |anded in one of a wellhead housing, a

Christmas_tr or _a casi anger .
[000?] This mvent10n re&?esr}n ggneral to wellhead assemblies and in particular to a seal

for bi-directionally sealing between inner and outer wellhead members.

[0002] Background of the Invention:

[0003] Seals or packoffs are typically used as a pressure barrier in the annular space
between inner and outer wellhead tubular members for containing internal well pressure.
The inner wellhead member may be a casing hanger located in a wellhead housing and
that supports a string of casing extending into the well or a tubing hanger that supports a
string of tubing extending into the well for the flow of production fluid. Casing hangers
generally are landed in a wellhead housing whereas tubing hangers are typically landed in

one of a wellhead housing, a Christmas tree, or a casing hanger.

[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 is U-shaped, having inner and
outer walls separated by a cylindrical slot. A wedge-shaped energizing ring is pushed
into the slot in the seal to deform the inner and outer walls apart into sealing engagement

with the inner and outer wellhead members. The deformation of the seal's inner and



[0004] A variety of seals of this nature have been enployed in the prior
art. Prior art seals include elastoneric and partially nmetal and

el astonmeric rings. Prior art seal rings nmade entirely of nmetal for formng
netal -to-netal seals are al so enployed. The seals may be set by a running

t ool , or biteywaly eRecedetthd gicide stpanpse of ahd hentasial glitthofsedl héngstmakige alie casi ng
or tubing. One type of prior art netal-to-netal seal is U shaped, having

i nner andd&uingftion@bingang@par ated by a cylindrical slot. A wedge-shaped
energizing ring is pushed into the slot in the seal to deformthe inner and
outer walls apart into sealing engagenent with the inner and outer well head

nmenbers. iﬂoes]dmeoUraaa;Leqrge@hetrPe)fﬁleeake'as alleWebord Pless @U@ acei Hie iBxCHRAS the
yield strength of the material of the seal ring, making the defornmation

er manent . t t | sure to
per MaNent nclcB0Gbrollcschth ARAnARATE' sl  PENSRR! pALLAUS: L SrlES

y inprove sealing with increased pressure.

However , | i . osite
e foot onbuRg el i\ AR UBpdti: BteduoF (PRI AIPRRELTRS (e 0R0
enough. Further., the bor ressure,tends to degrade the, performance.of the
annulus SBEPUES el ety P E bl RECTHE (PR G e bR BT seal i ng
surfaces t?lf th seafrﬁé{es .not Bnl,y enhanced by the U shaped geonetry but al so
the hangeth® ARRIUSSEBIANEF e PtsHS berrbicehe et exsuie fibe ssaling ytaces elaces
when the hanger is exposed to pressure along its bore. These two pressure
enhanci ngthg €tloissnatygiily gnhgnced byetret Yshpned| gramety huhelsonthgl hangeie aeck
resulting in plastic deformation that may decrease contact force in the
seal i ng sgaohetryswhiek furthemsomprsien theusenlingsistcesewken the 000GY iOagoaghrooach
taken to address this | eakage problemin netal-to-netal seals has been the
addi ti on messares aiongfitsvibazk er'Ehebo twh eprexiirerdnhancdig fdeers agiicwdlyhangat tiend t he
bore of the well head housing. The w ckers on both the casing hanger and

wel | head helead B@ tieainuig! s¥ale REAGRg tih @ls8a UbRenAIoh| Baehapledrbfe bogRal af ter
they are deformed by the energizing ring. The wickers aimto prevent axi al

moverment  ff etifhe3eRlngANMa{R6YS eadiaflkith caRIdaRg force over a narrow band.

However, wth increases In production pressure, pressure cycles, and
pl astic deformati on of the sears contact surfaces, |eaks may still devel op

in the Se@b%] One approach taken to address this leakage problem in metal-to-metal seals has
been the addition of a set of wickers to the exterior of the casing hanger and the bore of
the wellhead housing. The wickers on both the casing hanger and wellhead housing
sealingly engage the sealing surfaces of the U-seal after they are deformed by the
energizing ring. The wickers aim to prevent axial movement of the seal and focus the
radial sealing force over a narrow band. However, with increases in production pressure,
pressure cycles, and plastic deformation of the seal's contact surfaces, leaks may still

develop in the seal.

[0007] 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



[ 0007] A need exists for a technique that addresses the seal |eakage
probl ens descri bed above. In particular a need exists for a technique to
mai ntain a seal between inner and outer well head nmenbers experiencing
changes in relative positions due to thermal affects, especially those

caused by high ptess H}re%b%%ld sgeﬁgécgrg Fc):ﬁ%r%eg rir}é\.qleiah% SosPBMH WLONS: thdfifal

fol | ow ng°¥lechn| que nay s
affects, especially those caused by high pressure and pressure cycle wellbore conditions.

The following technique may solve these problems.



Summary of the Invention: [0008] In an enbodi nent of the present technique,
a seal assenbly is provided that forns a netal -to-netal seal and has
features that restrain axial novenent of the seal assenbly. The seal
assenbly al so has features that nmaintain the seal even when increased
pressuredggﬁﬁ&kfop&&lgauﬁﬁﬁ;seal. The seal ring has inner and outer walls
separate y aslot. Inthe illustrated enbodi nents, the inner and outer
wal | s of the seal ring conprise two separate pieces that are threaded

toget her [Pm)iﬂg taH%nfBHHﬁ{enEbﬁﬁ@ pREer? HcBRigh€ 3 sEASbicHbIPR pasvidiawadtdoindCi Ng
shoul der for d“on the other piece or inner leg. A netal energizing ring is
pushed int r%eganfo-x%leﬁ} sV LA hs! f@zﬁﬁx{%}% il kegﬂaik%éfgﬂrf&%éﬁ%f 'tl{y‘%ﬁl %%nlﬂ ter

I Ng ehgagenent w I'nn ead nenpe

wal I s int'o sea t er and outer wellh rs. [0009]
In the il trated enbodi t dial . i [
[ he LSt e SPIEN S Pt A A PR SRR e, vl |
def or mat | bt P s BOa7<A BOE FORIEHEGHER S Fpeigy THe- Uhrtaded

connection between the inner and outer |legs of the seal forns a pathway for
fluid predusirated embadémenis thainnereand guiss avadls af theged fingreoppaiss i sePidlfs,  an
increase in annulus pressure below the seal will produce an increase in
pressur e pieces timt steothrdadedvgatheh evithrthe putee pieemer eniereleg Fesgng Thias upwerkase in
pressure urges the inner leg inward and the outer |eg outward, creating
better seftiag sBaddu Sernsedoul thisothergiswroe inmey legctA matat ¢rerdizing ong of pushesl

energi zing ring through the thread between the inner and outer well head

housi ng, @ts@d stk Cink@ll@ioni fo defordtheninhfie ahdtovtdr owalisuirftacesligd t he
seal legs to effect a gas-tight seal and acconmobdate seal i ng over scratches

and surf a#érﬁ’éﬁmitﬁfinﬁe?ﬁn@&ﬁétg&aih@%ﬁ{bx‘ﬂGers.A'ter natively, raised surfaces
on the energrzing ring may also function to provide a seal. [0010] The

i nl ays may have grooves forned on the sealing side of the inlay and are

preferabl P()Obgll 3 t#(%ﬁﬁﬁfrﬁtga"e Eb(ﬁ’iﬁ]eggh 25511 toab Rx iRkl QW 18 ohidt A¥1IHRtgy i al to

provide a“se e size an ess o he metallic inlays are
cner gi 21 Hg RS IERg P R B ERRE bl SR s EOSH Gr BEAIIR BT TE LS
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energizing ring. The threaded connection between the inner and outer legs of the seal
forms a pathway for fluid pressure in the annulus below the seal to enter the slot. Thus,
an increase in annulus pressure below the seal will produce an increase in pressure in the
slot between the inner leg and outer leg. This increase in pressure urges the inner leg
inward and the outer leg outward, creating better seals. Because annulus pressure may
act on the bottom of the energizing ring through the thread between the inner and outer
wellhead housing, a soft metallic inlay is formed on the interior surfaces of the seal legs
to effect a gas-tight seal and accommodate sealing over scratches and surface trauma of

the energizing ring. Alternatively, raised surfaces on the energizing ring may also

function to provide a seal.



[0011] In this invention, a gas-tight seal is effected between the
energizing ring and the interior surfaces of the seal |legs to prevent bore
pressure fromentering the U portion of the seal, thereby reducing the
excessi ve pressure enhancenent due to bore pressure. Even after exposure to

nuner ous pEEST The iklies RSy hatd Srodews fRmkdron thelskaldlgl S bheheSiarly dfd &etain a
greater percentage of its initial elastic energy, which will allow for

better pepfoLHmYse aOV%grllﬁéd?ﬁ}oln[théﬁlt ihhd Ih@wmﬁ)llqy RfMria$ P PRovidenesdalo

separate leg features so allow the annulus seal " to accommbdate a greater

range of ?‘ﬁée 3lze TRY ess Ji*‘éh? EAHE ?ﬁ@&s}?&%ﬁgéﬁt ﬁ;qrwg% le?&fs%ra?éh filtig U seal

reduci ng possibilTity of the sea cking 1n 0 stress~buil dup

related to i al. movenent agai,nst a.w cker of.il e of the | | he menbers,
[t o oker SRR TRE e BER e R EEE R DR el et S BB el T onger
hanger necks or special running tools,.the elimnation of load rings on
second an8UBSREsPHKGIS{RRY 8¢ B ‘?‘} B %@’ér"g t%%asf"@%aﬁ%ere%‘ﬂa‘hﬁgarea%fg?
nmovenent al | owance of the new seal. Also, the quality and cost of

manuf act uPellresd hopeing Bigi seplipgly prgege Eediseal’s inngpand AEer a9 13] The

conmbi nation of stored energy provided for by the energizing rings, the

seal i ng nechani snms of the U-seal leg interior surfaces and the energizing
ring, thelGl¢khbr this invention, a gas-tight seal is effected between the energizing ring and the

interior surfaces of the seal legs to prevent bore pressure from entering the U portion of
the seal, thereby reducing the excessive pressure enhancement due to bore pressure.
Even after exposure to numerous pressure cycles, this new feature will allow the seal to
retain a greater percentage of its initial elastic energy, which will allow for better

performance over time.

[0012] In the embodiment shown, the two separate leg features also allow the annulus
seal to accommodate a greater range of axial movement. This reduces the stress at the
base of the U-seal, reducing the possibility of the seal cracking in half due to stress
buildup related to axial movement against a wicker profile of the wellhead members, if
wickers are used. Further, the new design eliminates the need for longer hanger necks or
special running tools, the elimination of load rings on second and possibly third position
hangers due to the enhanced axial movement allowance of the new seal. Also, the quality

and cost of manufacture for the seal leg arrangement is improved.

[0013] The combination of stored energy provided for by the energizing rings, the

sealing mechanisms of the U-seal leg interior surfaces and the energizing ring, the wicker



profiles on the seal-facing surfaces of the well head bore and casing
hanger, and the threaded two-piece U seal |eg construction, provides
enhanced cyclical performance, inproved | ockdown capability with annul us
pressure, inproved cost to nmanufacture, and a decrease in potential |eaks.
Al t er nat iprefilgs onhihe seiltfacing aysfaceayoflike vedleeddr bore aand craniep dlahger, amdt ¢rei al  or
pol ymer such as PEEK (pol y-ether-ether-keytone) or PPS (pol yphenyl ene

sul fi de) . threBldde twdPREE ilREdaDNe®LotsA@ciIn Wrd\ddes ¢rB@dctl dicheul eetfoiBare,
sectional view of a seal assenbly with the energizing ring in an energized

posi ti on, i o RAGXKABREA Lapbility HichemROEs PR&Sur®fimpRRed BYERS maRifadt®@lald Fi gure

2 is an enlarged sectional view of the seal assenbly of Figure 1 in an
unener gi zeg. RORL il BBrentid] BASOT ARSIV the R ACHRIL I Se Hhdd RBm NUEAL T ON.

metallic material or polymer such as PEEK (poly-ether-ether-keytone) or PPS

(polyphenylene sulfide).



[0016] Figure 3 is an enlarged sectional view of the seal assenbly of
Figure 1 in the energi zed position with defornmation of the seal and soft
inlay material sealing against the energizing ring, in accordance with an
enbodi ment of the invention. [0017] Figure 4 is an enl arged sectional view
of the intgrference.between the energizing ring and a nut form ng part of
seal asseﬁf"gﬁ{eis?{“gbo@o?f&ﬁﬁﬁéawqgﬁ‘ an enbodi nent of the invention. Detailed
Description of the Invention: [0018] Referring to Figure 1, an enbodi nent
of the inyention as. i.nstalled. is il}lustrated . and.shows a porti.on.of a high
pressure x\@}l“mh‘iﬂ'%éd%ianﬁcﬁﬂal I‘-’It?ﬁvsf’ta S5g ey %a‘(f@d StSF U e ge"g(?nof a
wel | and serves_as . an outer well head nenber in_this exanple. Housing 10 has
a bore 12 °¢n¢sgized positian, 4y gecordance with an embodiment of the invention;

[0015] Figure 2 is an enlarged sectional view of the seal assembly of Figure 1 in an un-

energized position, in accordance with an embodiment of the invention.

[0016] Figure 3 is an enlarged sectional view of the seal assembly of Figure 1 in the
energized position with deformation of the seal and soft inlay material sealing against the

energizing ring, in accordance with an embodiment of the invention.

[0017] Figure 4 is an enlarged sectional view of the interference between the energizing
ring and a nut forming part of seal assembly, in accordance with an embodiment of the

invention.



[0019] In this exanple, the inner well head menber conprises a casi ng hanger

18, which is shown partially in Figure 1 within bore 12. Alternately,

wel | head housing 10 could be a tubing spool or a Christnas tree; and casing

hanger 18 could instead be a tubing hanger, plug, safety valve, or other

devi ce. j kion fpﬁq Qbniasl:erior annul ar recess radially spaced

i nwar d fﬁhﬂ‘girig@%gﬁtlg ge in<—§-l a seal pocket 22. | this enbodi nent, w ckers

14 are | ocated on the well head bore 12 and w ckers 20 are | ocated on the

cylindri POGKEL edBodieNEYBhe inven@d &Y inslaR@HisnBnsttated he

wel | headﬁ?glwf%ﬁggggﬁ%g h’anggr ?Lé may have snooth sealing surfaces,

rather than w ckers .14, s ol ' ibN®. MRELLES iffocsash st of
A58y EPrgbiogd M MeplleuhRAPh s 1 MIRHEAR 1o

wi ckers 1 cate portions of “the we ead bore 12 and seal

pocket 22. However, the w ckers 14 20 be confi i

ar r angenethPsr e‘ldo‘gI?O]’ ellandseRyes poatie weélg'g%/d Iggrggerﬁ)l{l ;lg%ltéﬁlﬂ'é} l‘? olgétl%}g{f 1% seal
pocket 22. Seal assenbly 16 includes a seal ring 17 forned of a netal such
as st eel .hagadorg |nlgcated gy j nner wal | 25 conprised of inner seal |eg 27
for sealing against the cylindrical wall of casing hanger 18. Seal ring 17
has an outer wall| surface 29 conprised of outer . seal I.rg% 31 tﬁat seal s
agai nst w801 ¥idadhis sxamplg, theimen pellhgad mgmber (BRASTE ACASIRBMAERRI T i ace 25,
29 is curved and snooth. However, in other enbodi nents the wall surfaces
25, 29 nuig shawe patiphyoinrKigirer, within bpreok2r usliespricly swelihgad h%ﬁ’cga]&colugjr Bes are

| ocalized. A |lower extension 30 of the seal ring 17 has a downward facing
surface 24tnshewpodlanddthromaanreapuaredsii@binggr howldiissteadberd tubing heagdrng

hanger 18. In this enbodinment, a | ower portion of leg 26 circunscribes an
upper por blu@nsaBty lvalre? és othae dediver Gasidlg diangdrel 8 bay @6extenatsamnnlaa redesul der on
the leg 27, the outer surface of the leg 27 tapers radially inward bel ow

that shoul,defy asﬁgce@bi?l%ﬁrdt REm! BMET125H! defige a2dal Fhiket D2 edddisagmbddicentabove
t he shoul éler and the |l eg 26 extends above the upper end of leg 27. [0021]

In this exg:gé[lsg]f %Fealocélje@%nlt?lei&elmeédj!b()f%cﬁi Qna! wigks 0O 4rBQodaiebn aRgl out er

seal IegsW el ng two separate pieces, as shown in Figures 1 and 2.

The inner seal. l.eq.27. has thregds, 36 t r t or med
on the ouf@‘r“ﬁg‘éﬂl lle(gsﬁq.po?lﬁeﬁ??' ?){rogvseg%f;g’l ?tiki%rﬁrn?%g&g%ﬁ%ﬁﬁs lg]fé%\j/svlggrrllé ent er
vi a space between threads 34, 36 and act on.the nose 38 o ergi zi ng
ring 28 fHshRHaE Bﬁﬂge’i'ﬁg A RAVE STSP RS AINS ?uﬁﬁaf??efa?léeéggana‘ﬁgli(%ré [1 ﬁt %(2 ;ir?mer
surface 42 of the outer_seal leg 31 and the_inner surface 44 .of ‘hgﬁ i nner
seal |eg this exempitm theausofilaroiessh setof Bickerrel 4e & A9 o‘ﬁ‘ffﬁd@ro“ BPYHES Hehel | head
housi ng 10 sealing surfaces 22, 11. This greatly inproves seal ability and

| ockdown weBhestl dorel 2 andanalidogket B2 e Stoweser, themgckesnl4,t29enaynhfesonggird dbs 42,
44 around the portion of energizing ring 28 between the inner surfaces,
sof t met abthendréangedéntsray be cont ai ned on portions of the inner surfaces 42,
44 that deform agai nst the energizing ring 28 when the seal assenbly 16 is
energi zed. Al though shown as rectangles in Figures 1-3, the inlays 40 may
have gr ooymR0[ Rahetslnowndtalf soslnmBsknetly 16és Ioeadd ingealipdekad 22t Bealiasdesnpli06 The
grooves, that nay be in a V configuration, assist in the flow of inlay

material {0 ReOY 588 riflg $8@brmed of a metal such as steel. Seal ring 17 has an inner wall 25
comprised of inner seal leg 27 for sealing against the cylindrical wall of casing hanger 18.
Seal ring 17 has an outer wall surface 29 comprised of outer seal leg 31 that seals against
wellhead housing bore 12. In this embodiment, each wall surface 25, 29 is curved and

smooth. However, in other embodiments the wall surfaces 25, 29 may have a protrusion,



[0022] The inlays 40 of this exanple may be fornmed of a soft nmetal such as
tinindiumor alternatively nade froma non-netallic material or polyner
such as PEEK (pol y-etherether-keytone) or PPS (pol yphenyl ene sul fide).
[0023] Continuing to refer to Figure 1, a retaining nut 50 having an inner

di 52 hol ds th | bl y_ 16 h ing | hon. Th
et i ni ngOLIP PROOHaSS IR S Bicrvaty el ls s Rl SeRT AT 0N B By 0%
ter | tign 58, allowing for threadi f .th

ot ai ni no! A SEbUPHHATRNG sifecBd aheY Taneed o g BPMGR A a0 4% PR on

the inner dianmeter 52 of the retaining nut 50 that jnterferes with a

prot r usi otheasinghaager ds- t inethispanahadgnend @ fopee poFtianel SELOSFIEPRECTIH G128 when
set. The sides of the protrusions 60, 62 in contact with each other are
flatter topger@osion of keg 2ntredpwerandrof thy 12826 lasds baekhejdswn thadsadr el y, the
sides of the protrusions 60, 62 that nust slide past each other as the

ener gi zi ngutei swyfa28of the fagradpatomdiaty dnveare belapethatdshbaldal dndwbevstbe tfwer
novenent. In this enbodi nent, the respective upper and | ower surfaces of

the protr ugkRe162rhebBirdaay aregjusil abpee giecshbeldet, had thidkgr@speaids wboveother and
upper surfaces of the protrusions 62, 60. Thus, as the seal assenbly 16 is
bei ng enepgierd ndgbhe energizing ring 28 is urged downward, the smaller
respective ‘sl opes o% the | ower and upper surfaces of the protrusions 62, 60
can slide past one another allow ng further insertion of the energizing

ring 28. WKE{ bhistéﬁm?%?Q@a@trfngQ7li§‘BQ§Fec§bﬁ%{?%e%tHehﬁnééFﬁﬂGbu@f‘geall QpeT
surfaces of the protrusions 62, 60 provide an obstacle to upward novenent

o 1S SRR BB ESE o Al O B Ryt v,
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from the annulus below can enter via space between threads 34, 36 and act on the nose 38
of the energizing ring 28 from below. The annulus pressure further acts against the inner
surface 42 of the outer seal leg 31 and the inner surface 44 of the inner seal leg 27 to
enhance the contact at the casing hanger 18 and the wellhead housing 10 sealing surfaces
22, 11. This greatly improves sealability and lockdown resistance to annulus pressure. ,
To seal the inner surfaces 42, 44 around the portion of energizing ring 28 between the
inner surfaces, soft metal inlays 40 may be contained on portions of the inner surfaces 42,
44 that deform against the energizing ring 28 when the seal assembly 16 is energized.
Although shown as rectangles in Figures 1-3, the inlays 40 may have grooves (not

shown) formed on the sealing side of the inlay 40. The grooves, that may be in a V

configuration, assist in the flow of inlay material to provide a seal.



t he seal assenbly 16 into the annul ar space between the casing hanger 18
and the wel | head housing 10. For clarity, the well head 10 and casi ng hanger
18 are not shown in Figures 2-4. As described in a previous paragraph, in
an exanpl e enbodi ment, the conponents conprising the seal assenbly 16 are

pre-asse 2f O RisRYarhpRn 68k dHan@fitkitalalech Saal inBiufgorl 7, and
ext ensi ogbg%iajm J?la nect etd St oaotr)1e aa%’g?[eher [0625] In an exanpl e of

assenbl y, ,th %u%i? “133’% anohind Bk MELES of BbRukP SudMiWPRIK SpAGRRR! ween

t he casing hange the we ousing"10 until the downhward facing
shoul der n r._extens l\ands on the upward facing shoul der
19 of casfiZ’FFé’?(ﬁ B%ror%gg (I?‘ﬁéplbﬂi’?lig Wiﬂi )29 of outer seal leg 31 will be

cl osely spaced to wickers 14 on the well head bore 12. The inner wall 25 of

i nner se 27. W be. c pac d.to t

cylindri ?QP&%‘}%F‘?HUBP‘“%%F“BB&E 1?%3“Q§%en’gp§ ;Eté‘%‘%r (ap“éﬁn"g&ofz t he
upward f aci ng shoul der 19 on the casin nger 18 pr.avi des on poi nt
for the dinddsghe serassergbolp together %&ngégswﬂ%wée B‘%&"’B‘H% “Ph%ﬂ“ﬁg with
sufficient force such that the nose 38 engages a pockef defined by the

i nner surfatescormspan tofthrepds Hufamed g aPrHPé?r puigfsleg portion 33 a]tl‘?ﬂémgé%‘i ring
17 to cause the inner and outer seal legs 27, 31 to nove radially a art

f r om eachhattiieg eagagstemnofithe fiaing n@t. S0Twigh therseal agaeibly 6.0f [reffisio | eg
27 will enbed into wickers 20 (Figure 1) in sealing engagenent whil e t he
out er wal ik f@&hedfonahs Bhersdiamhetbetp &lthavidtdiniaghedsa thetdnterfelee mith bprétFisgpmr e 1) in
seal i ng engagenent. Further, the soft netal inlays 40 on the inner surfaces

42, 44 of g3 hemed barth@iferid? R8Hacedt th e eBihg @ 18 vhedledtorTheagits R tthe he
outer and inner surfaces of the nose 38 of the energizing ring 28 to

provi de i ¥@kYare TRISEE pPélchAGE Sn@PizingaiR ey gi i ng
ring 28 rg&gsrlélé/%%%gg%mﬁltﬁghgg gf targ net al p?nleay 40n gl[ZO é] Duri ng

t he down noyv.enen [ a

assenbly %m l%af‘ilé\m%ner I ZP%?&I)FQ% %gég dgé pa?l(gc:'g'lgﬁ)sntg%'tohg2 ﬁ%ﬁ%i%ﬁi@? of the
retaining shownln F| rLe ad4 i op the
out er sur?a&gé’ﬂlﬂr atgAée ERERGINE %I rlusg%f@d rgater gset %é& g‘?oﬁ%g‘% S(')en

fornmed on the |nner surface of the retaining nut 5 The si des o{/lt?|

prot r usi omeveeents2 In fhis opmbedimgpty fh eeéﬁsﬁeﬁi"ﬁe}‘ppﬂea I “feérsuf - 8UANE t he
energi zing ring 28 from backing out of the seal ring resul t| ng

| ocki ng eprgtrysinmn®2, S0 hane arstapgi gieaiey thamire 28spaFtive IPWEr ?‘@’t unPsT Ay Tases O‘Lso
Because the outer and inner seal |egs 27, 31 of the seal ring 16 are

t hr eaded, thanprotrusonsr 63s6(.e Tek,ons theesebabsembiyy 166is tejngaenergired Bed dbze 38 at
t he bottom of the energizing ring 28 through the thread between the inner
and out er esg@bink @By 2is Fged dbwn@ad, thegihiallse adspdativersibpby of the lowtabnd nl ays
40 deforned agal nst the nose 38 provides a seal against the annul us

pressure ﬁé&msﬁﬁt&w of Aht SrAaksionslar, 68aah shasgatl onelboting Aoedg Rirthgr ri ng 28
may be part of a string that is lowered into bore 12, the weight of which

forces the nose ngneoépe%%?ﬁng %%@'82'1@(99\!5 ePQhe’-?esb&TnQe ?aréér%% ehr BRuppyr t he

i nner surfaces uter and inner seal legs 3 27. 1f retrieval

IS reqwred t he t rea el f shown)
to pull efdigher ﬂﬁ ¥ t%ppﬁrgap ?‘ﬁgd@ym nS(E-,\a;2 |t?| )ﬁ’&gﬁ IIF\lg e(nggn
formed Of thréee}ngrlglzlr?guﬁgg %§ w1tth resp'ect to the retaining nut 50 to prevent upward backoff of

the energizing ring 28.

[0024] Referring to Figures 2-4, during installation, a running tool (not shown) may

thread onto a set of threads 64 formed on an upper end of the energizing ring 28 to run

10



[ 0027] Subsequently, during production, annular well pressure wll

comuni cate through the threads 34, 36, at the bottomof the seal ring 16
and to between the outer and inner seal legs 31, 27. The pressure is thus
exerted on the inner surfaces 42,44 of the outer and inner seal |egs 31, 27

resul tingyan Fci[aﬁ gg%ﬂ%g)d 160Rf2 G B{n‘ﬁﬁafl_ %@ch%i&z@ém $RALasiigNBanbBr WBLdhdl ihg out er

and i nner we nbers 10, 18. w ckers 14,20 wll "mai ntain sealing

engagenment. W th .t i npe i I : wal
20°0f ot &y ol M For@inies e RephORYo, R ReihE el PO BERNER 12
barrier between hhe og;en%%nd inner. seal legs 31,27 and the l.ower end of
the ener gl BUFG #7nd S28escriksgo ) 2 |CYIRE BBHAPYnBt 475 EXAMAlE SOfonefis fﬁg to be
renoved frombore 12, a running tool is connected .t tgreads.64.on pper
ener gi zi n§OMPRFNEEOMRESING ke Iabassembly Jbage pre-asis l%cgwft “OPgE e ¢ zi ng
ring 28, causing it to withdraw fromthe seal ring 16. [0029] In an

addi t i onaretainisgdivhehiseql niog 1 rapgrextensine 3Qell cprngatep Busiergotsr-coul d be a

t ubi ng spool or a Christmas tree. Furthernore, the casing hanger 18 could
instead be a tubing hanger, plug, safety valve or other device. The seal
assenbl y [®26hin a1l sempée efsestnibly, shaer] #reerablad § énlowpraddntorbg amglarispacer s .

between the casing hanger 18 and the wellhead housing 10 until the downward facing
shoulder 21 on the lower extension 30 lands on the upward facing shoulder 19 of casing
hanger 18. The outer wall 29 of outer seal leg 31 will be closely spaced to wickers 14 on
the wellhead bore 12. The inner wall 25 of inner seal leg 27 will be closely spaced to the
wickers 20 on the cylindrical wall of seal pocket 22. Once the assembly 16 is landed, the
upward facing shoulder 19 on the casing hanger 18 provides a reaction point for the
energizing ring 28 to be forced downward by the running tool with sufficient force such
that the nose 38 engages a pocket defined by the inner surfaces 42, 44 of the outer and
inner legs 27, 31 of the seal ring 17 to cause the inner and outer seal legs 27, 31 to move
radially apart from each other as shown in Figure 3. The inner wall 25 of inner seal leg
27 will embed into wickers 20 (Figure 1) in sealing engagement while the outer wall 29
of outer seal leg 31 will embed into wickers 14 (Figure 1) in sealing engagement.
Further, the soft metal inlays 40 on the inner surfaces 42, 44 of the outer and inner seal
legs 31, 27 will deform against the outer and inner surfaces of the nose 38 of the
energizing ring 28 to provide a gas-tight seal. Alternatively, raised surfaces on the

energizing ring 28 may provide a seal instead of the metal inlay 40.

11



[ 0030] While the invention has been shown in only one of its forns, it
shoul d be apparent to those skilled in the art that it is not so limted
but is susceptible to various changes w thout departing fromthe scope of
the invention. WHAT IS CLAIMED IS: 1. A wellhead assenbly with an axis,
char act er[o@mss] Mitingathe Adirdkvare hiohedentramibe enérgBinghéng 0@ ralaticy & (hkXeal

assembly 16, the energizing ring 28 rides against the inner surface of the retaining nut 50.

As shown in Figures 3 and 4, the protrusion 62 on the outer surface of the energizing ring

28 slides past the protrusion 60 formed on the inner surface of the retaining nut 50. The

sides of the protrusions 60, 62 in contact with each other are flatter to prevent the

energizing ring 28 from backing out of the seal ring 16, resulting in locking engagement

of the retaining ring 28 with the retaining nut 50. Because the outer and inner seal legs

27, 31 of the seal ring 16 are threaded, annulus pressure below the seal ring 16 may act

on the nose 38 at the bottom of the energizing ring 28 through the thread between the

inner and outer seal legs 27, 31. The gas tight seal formed by the metal inlays 40

deformed against the nose 38 provides a seal against the annulus pressure from below.

Alternatively, seal assembly 16 and energizing ring 28 may be part of a string that is

lowered into bore 12, the weight of which forces the nose 38 of the energizing ring 28

into a slot defined by the inner surfaces 42, 44 of the outer and inner seal legs 31, 27. If

retrieval is required, the threads 64 can be engaged by a retrieving tool (not shown) to‘

pull energizing ring 28 from set position. Energizing ring 28 can be formed of metal,

such as steel.

[0027] Subsequently, during production, annular well pressure will communicate through
the threads 34, 36, at the bottom of the seal ring 16 and to between the outer and inner
seal legs 31, 27. The pressure is thus exerted on the inner surfaces 42, 44 of the outer and
inner seal legs 31, 27 resulting in increased contact pressure of the seal ring 16 with the
outer and inner wellhead members 10, 18. The wickers 14,20 will maintain sealing

engagement with the inner wall 25 of inner seal leg 27 and the outer wall 29 of outer seal

12



an inner well head nmenber (18) adapted to be located in the bore (12);

opposi ng seal surfaces in the bore (12) and on an exterior portion (22) of
the inner well head nenber (18); a seal ring (17) between the inner
and outer well head nmenbers (18, 10) having an inner annul ar nenber (25) and

an outer @nﬂl ks H&%’%ﬁmﬂez e ifila zg WIBESR J‘Pre@sup@ﬁﬁrhepbénve&hﬁe'dﬂfé’?ran@nnm ar

menber annul ar energizing ring (28) having a | ower end (38)
|nsertable bet inner rs (25, 29) of the seal
ring (17) nngh Se\fqﬁlggs %\}h%’/ a{uﬂgqellg\&%re%gnd{h(:%g%ﬂzﬁ{g[ energizing ring (28) is
inserted between the inner and outer annul ar nmenbers (25, 29) of the seal

he seal MY iy ewiﬂﬁi yebEraPg el %“ftef%rvad'*?o B TR RS

the i d t | head nmenb 0 34, 36
e e eSSt T A A el 75 R

defined by the inner and outer annul ar nenbers (25, 29) of the seal ring
(17), mheﬂﬂ?%e@m&l@l“ﬁimﬂrzés%lﬁ’égbfépéwmﬁév@‘é‘ﬁlth“rﬁeﬁb‘"{gl  produces a force to
urge the inner wall (25) of the seal ring (17) inward and the outer wall

(29) of the seal rl(;l‘g outward. 2. The assenblg according to claima1,
wher ei n afP2A] kyaba U‘Qlw@)?mbf’d@edb{fmt o, thet wellhend ihousing 8ol B 2| east

one of an inner surface (42, 44) of the inner and outer annular nenbers
(25, 29) uobitgeposeala Chngmad #pe. Furthermore, the casing hanger 18 could instead be a

tubing hanger, plug, safety valve or other device. The seal assembly 16 can also be used

in a wellhead assembly not having wickers.

[0030] While the invention has been shown in only one of its forms, it should be apparent
to those skilled in the art that it is not so limited but is susceptible to various changes

without departing from the scope of the invention.
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3. The assenbly according to claim2, wherein the inlay band (40) on the
interior surface of one of the inner surfaces (42,44) deforns against the
cylindrical surface of the energizing ring (28) to provide a seal against
annul ar pressure frombelow the seal ring (17). 4. The assenbly according
to cl ai myygApislegradmepast eri zed by inner and outer protrusions (62, 60)
respectively forned al ong an outer circunference of the energizing ring
(28) and an inner circunference of the outer annul ar nenber (29) of the
seal ring (17), wherein respective upper and | ower surfaces of the inner

and out ery prot£ Y3iRDg L&) PRIh BRYEs ZhdlaBRAzddHS than a slope of respective
| ower and upper surfaces of” the inner and outer protrusions (62, 60), so

that the for ce by tell’{“%gh%ﬁ%’“ﬁr%@g‘g%ﬁaib% {pyer d past the outer

protrusi on exceeds orce e I nner protrusion (62) downward
past the outer protrusio 60) . .. IThe senbl v, .accar di to claiml,
further char acat“éP’i’Qfg‘ffﬁb?f'%d"('?rﬂiseééhé&dﬁpg%%@cﬁeﬁ%‘#%s’ﬂ&egﬁ’fé {lg?’ni ng the inner
and outer annul ar nmenbers_(25, 29) of the seal rin 17). ..6..The assenbly
according to &%Pﬂ?&?eaﬁﬁgfaé?sdntﬂﬁegqrﬁf%a?%@) arbquggéglog Gt %P that is
selected fromthe [ist consisting of a netal, a non-netallic material,

pol yphenyihesievadiipdd memp@pdB)y | pol y- et her - et her - keyt one (PEEK), and

conbi nati ons t her eof
a seal ring (17) between the inner and outer wellhead members (18, 10) having an

inner annular member (25) and an outer annular member (29) circumscribing a portion of
the inner annular member (25);

an annular energizing ring (28) having a lower end (38) insertable between the
inner and outer annular members (25, 29) of the seal ring (17), so that when the lower
end (38) of the energizing ring (28) is inserted between the inner and outer annular
members (25, 29) of the seal ring (17), outer walls of the inner and outer annular
members (25, 29) of the seal ring (17) are urged radially outward into sealing
engagement with the inner and outer wellhead members (18, 10); and

a pathway (34, 36) for fluid to flow from the annulus below the seal ring (17) to a
slot defined by the inner and outer annular members (25, 29) of the seal ring (17),
wherein annulus pressure below the seal ring (17) produces a force to urge the inner wall

(25) of the seal ring (17) inward and the outer wall (29) of the seal ring (17) outward.

2. The assembly according to claim 1, wherein an inlay band (40) of a deformable
material is formed on at least one of an inner surface (42, 44) of the inner and outer

annular members (25, 29) of the seal ring (17).
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at | east one of the seal surfaces (22, 12). 8. The assenbly according to
claim?7, wherein the inner annul ar nenber (25) of the seal ring (17)

i ncl udes a shoul der projecting radially outward and wherein a | ower

term nal end of the outer annular nenber (29) is | anded on the shoul der.

9. The seal assenbly according to claim2, wherein the inlay band (40) has
a V-shaped groove fornmed therein prior to deformation. 10. The seal

assenbl y ?.C cor ‘F.hg'gssérﬁbﬁ/l BldRiRg tYEIETED, witdiEin ki iRbay BARAA0FEN theSntBRGIE out of a
non-netal l'ic matert al.
surface of one of the inner surfaces (42, 44) deforms against the cylindrical surface of the

energizing ring (28) to provide a seal against annular pressure from below the seal ring

(17).

4. The assembly according to claim 1, further characterized by inner and outer
protrusions (62, 60) respectively formed along an outer circumference of the energizing
ring (28) and an inner circumference of the outer annular member (29) of the seal ring
(17), wherein respective upper and lower surfaces of the inner and outer protrusions (62,
60) have a slope less than a slope of respective lower and upper surfaces of the inner and
outer protrusions (62, 60), so that the force to urge the inner protrusion upward past the
outer protrusion exceeds the force to urge the inner protrusion (62) downward past the

outer protrusion (60).

5. The assembly according to claim 1, further characterized by a threaded

connection (34, 36) joining the inner and outer annular members (25, 29) of the seal ring

(17).
6. The assembly according to claim 2, wherein the inlay (40) comprises a material

that is selected from the list consisting of a metal, a non-metallic material, polyphenylene

sulfide (PPS ), poly-ether-ether-keytone (PEEK), and combinations thereof.
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11. The seal assenbly according to claim2, wherein the inlay band (40) is
made out of a netallic material. 12. A nethod for sealing an inner

wel | head nenber (18) to an outer well head nenber (10), characterized by:

| andi ng a seal assenbly (16) between the inner and outer well head nenbers
(18, 10);7.t he Fiealssendfy advawdingtoadlaimnl) theteifa {62 6F witikersd2G d@ptsdbenedwner | eg
(31), a slot therebetween, and a pathway (34, 36) for annul ar pressure

bel ow t heyt3@al oRSTeEeY duefabl® (22,angmtted into the slot; and driving
an energizing ring (28) into a slot in the seal assenbly (16) to urge inner

and outer legs (27, 31) of the seal assenbly (16) into engagenent with the
i nner and outer well head nenbers (18, 10),

8. The assembly according to claim 7, wherein the inner annular member (25) of the
seal ring (17) includes a shoulder projecting radially outward and wherein a lower

terminal end of the outer annular member (29) is landed on the shoulder.

9. The seal assembly according to claim 2, wherein the inlay band (40) has a V-

shaped groove formed therein prior to deformation.

10.  The seal assembly according to claim 2, wherein the inlay band (40) is made out

of a non-metallic material.

11.  The seal assembly according to claim 2, wherein the inlay band (40) is made out

of a metallic material.

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

landing a seal assembly (16) between the inner and outer wellhead members (18,
10); the seal (16) having an inner leg (27) and a separate outer leg (31), a slot
therebetween, and a pathway (34, 36) for annular pressure below the seal assembly to be

transmitted into the slot; and

16
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the energizing ring (28) form ng a seal against a an inner surface (42) of
the outer leg and the outer surface (44) of the inner leg (27) to provide a
seal against annular pressure bel ow the seal assenbly (16), wherein an
increase in annular pressure is transmtted to the slot and increases

contact for oes ek URE I RS HE oA oUIA RIS 0abI( A0 Gifke Bhef he sea

assenbly (16) e 1 nner “and outer well head nenbers

respecti vg}l?a/ alét%r:gll;:%%h@ﬁ?lﬁ %?ﬁie%gzﬁ%g b‘ﬂ’%‘lg%) &;t(@ér{%é%nerﬁ Wxﬁthhﬁé m?n@taa{nﬂ%?e"r' zed by

t?elstef f ?y ban ormabl e material formed on
at | eas on of  an L rface (42,44) of the inner and outer annular
menbers (2%, ?@W“%?U¥%§'s(§ assenbly (16), against a surface of the

energizing ri n%e energlzmg ring (28) forming a seal against a an inner surface (42) of the outer
leg and the outer surface (44) of the inner leg (27) to provide a seal against annular
pressure below the seal assembly (16), wherein an increase in annular pressure is
transmitted to the slot and increases contact forces between the inner and outer walls legs
(27, 31) of the seal assembly (16) and the inner and outer wellhead members (18, 10),

respectively.

13.  The method according to claim 12, further characterized by the step of deforming
an inlay band (40) of a deformable material formed on at least one of an inner surface
(42, 44) of the inner and outer annular members (25, 29) of the seal assembly (16),

against a surface of the energizing ring (28).
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