Bl - DI RECTI ONAL METAL- TO- METAL SEAL Field of the Invention: [0001] This
invention whites in general to well head assenblies and in pao a seal for
hi-directionally sealing between inner and outer well head nmenbers. [0002]
Background of the Invention: [0003] Seals or packofk are typically used as
a pressure harrier in the annular space between inner and outer well head

tubul ar nmenbers for containing internal well pr r he i nner wel | head
menber nmay be a casi ngB]r'IQFnB@ IIQ%%MEW'FG\Q&'I% ﬁgﬁ ng and t hat
supports a string of casing extending into the well or a tubing hanger that
supports a siring of tubing extending into the well for flow of production
fluid. Casing hangers generally are |landed in a well head housi ng whereas

t ubi ng harfg#l sOfélF%["t"ﬁb ¥4l 1y landed in one of a wellhead housing, a

Christmas tree, or a easing hanger. [0004] A variety of seals of this
nature have been enpl oyed in the prjor t. Prior. art seals include

el ast omer i[BOHA T haipYsaion yelpfes %i’ige&%&l '@I‘ﬁé(“ﬁ%ﬁ‘%‘“%%é@q InSpardculante ased| rings
made entirely of netal for forming netal-to-netal seals are also enpl oyed.
The seal s fpmli-decsetallpyeading hamieay inneoind GrertyliespeEeget i n response to
the weight of the string of casing or tubing. One type of prior art

nmetal -to-nmetal seal is U shaped, having inner and outer wal k separated by a
cyl i ndri c§0&12ptBackgeedd e drealpadniénsr gi zing 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. The deformation of the seal's

i nner and [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



outer walls exceeds the yield strength of the material of the seal ring,
maki ng the defornmati on permanent. [0005] The U shaped geonetryseal allows
bore pressure to act on the |legs and thereby inprove sealing with increased
pressure. However, pressure in the annulus be/ow the casing hanger has the
opposite effect on the seal and will result in aleak if the pressure is

great enough. Further,, the bqgre press tends to.degrade. the perfqrmance
of the anrﬁ’g{é swaé‘féa?xcfwgrtﬂ?iyﬁ@q sf*ﬁp%tﬁi(g%gc'ﬁﬁtg’éalt ﬂfeﬂ@o?ﬁa &8p €at the
seal i ng sgr aces of the seal is not only enhanced by the U shaped geonetry
but al so CAETRAMYTREKR geonet ry, which further conpresses the sealing

surfaces when the hanger is exposed. to pressure along its hare. These two
pressure Enrhancihngjfacé(frs typically exceed the preload of the annul us
seal , restftPhghs V-pleagt peorgdnoriniieiseH ARy bresy resereiseet grhadessiasdce in
the sealing surfaces over tinme and in turn cause |eaks. [0006] One approach
taken to afavysEnnrayes sqabing agér preotssehpicasunet diowaenetradsusenl thehamubsen t he
addition of a set of wickers to the exterior of the casing hanger and the
bore of t thelowehé hesag; hopsi g theldppositeakecsorthe Bedl and héll easit mga hakdftheand

wel | head housi ng sealingly engage the sealing surfaces of the U seal after

they are gekarergdrby chbugh. anethei, Zietdre pragsure l’eﬁdsl\ioCdélgﬁiﬂs thad porfoPmpiRUENt
axi al nmovenent of the seal and focus the radial scaling force over a narrow

hand. ~Howentahnulh bdal bRGHRAS €fhid R bREREM ki BRtactrBI T8 theREARHUrE%IrEs, and
pl astic deformation of the seal's contact surfaces, |eaks may still devel op

|0 the sedle «dPRORh: Mijeamhafiishs iU habRF BEMAUE bOALIIYH Sa553 AR seal

Ieakage prob ens descr n par need exl st's
techni que géo%éﬁ%}, r\}\}h%hnfuﬁhgrec%lmppeestsgée He séarl]i?lg rsu%arllc%s when the hanger is exposed to

pressure along its bore. These two pressure enhancing factors typically exceed the
preload of the annulus seal, resulting in plastic deformation that may decrease contact

force in the sealing surfaces over time and in turn cause leaks.

[0006] 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



outer wel |l head nenbers experiencing changes in relative positions due to
thermal affects, especially those caused by high pressure and pressure
cycle well bore conditions. The follow ng techni que nay sol ve t hese

probl enms. Summary of the Invention; [0008] In an enbodi nent of the present
techni que, a seal assenbly is provided that fornms a netal-to-netal seal and
has features that restrain axi al npvement of the.seal asseHb The sea
assenbly 145 Waldhend 4peipeas ( HAETIGHEINGt HIeRSEhE SeallveePatitigiiet qi?:rt fj
pressure effects act on the seal. The seal ring has inner_and outer walls
separ at ed afgcts, espesially thogeneauped lushlgbmeqasmﬁmlwm% cydlhwve]lbpfe cordiidensut er
walls of the seal ring conprise two separate pieces that are threaded

t oget her, Thetfhlltieg cuheiqupineg eoloe theat prbleeg. resti ng on an upward faci ng
shoul der formed on the other piece or inner leg. A netal energizing ring is
pushed into the slot during installation to deformthe inner and outer
walls into sealing engagenent with i nner and outer well head nenbers. [0009]
In the illustrated enbodi ments, a radial gap exists between the outer wall
of the seal and the inner wail of the mating housing. Such gap is required
for installation in the field and is sufficiently large to require plastic
deformation of the seal body, but not the energizing ring. The threaded
connection between the inner and outer |legs of the seal forns a pathway for
fluid pressure in the annulus below the seal to enter the slot. Thus, an

i ncrease 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 |eg outward, creating
better seals. Because annul us pressure may act on the bottom of the
energizing ring through the thread between the inner and outer well head
housing, a soft netallic inlay is formed on the interior surfaces of the
seal legs to effect a gas-tight seal and acconmobdate seal i ng over scratches
and surface traunma. of the energizing ring. Alternatively, raised surfaces
on the energizing ring may also function to provide a seal.



[ 0010] The inlays may have grooves fornmed 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 netallic inlays
are sufficient to provide for scratch filling and therefore sealing between
the energizing ring an the interior surfaces of the seal |egs. Further,

w ckers may be used on the exterior of the casing hanger and the bore of

t he wel | hBadnhwousi tie Inhettiesal i ngl y engage the U-seal's inner and outer
wal s [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 fA00R) Branemitngimére oltheqnesenrtedhiquiaea sehbssemblgriepyvided theit figmshe
excessi ve pressure enhancenent due to bore pressure, Even after exposure to
NUITEr OUS PHESSUS-eectd ke Sind hhd Seatvew thaaturaén mtibit mavdnant bhde sedlasdembigt ai n a
greater percentage of its initial elastic energy, which will allow for

better perhOLdMAGEEmEMLIIsd hdiereathiRQ Uk mlahthif@h& B0 e diBRlien iaheMRd Prétguriewo
separate leg features also allow the annul us seal to accommbdate a greater

range of i ) i Sa1f ﬁ%% t 1 U seal ,
reduci ng ?f;{;éeﬁép%cggs{bl : I %ly ]3% st%%ler ea %cnﬁeg%ﬁféldgt&is‘?ﬁalﬁsasleéé}%ﬁeﬁ gsg{t'r ierts“sshebui | dup
related t i.a v t in ,.C. i . . nbers,
if wicker glugﬁf%teztgné .(ﬁggl?t?h@rg%qeﬁén(ﬁ%dv%/@rd‘é%!sgﬁﬂfe?% %ér%iaﬂgé géfnfrhgg%ng&g@ %{rgel onger
hanger necks or special, running tools, the.elimnation of |load rin on
ccond andbBESINHIAE THEY SORHERHh R U RIS F GO Rh SRR, Y

nmovenent al |l owance of the new seal. Al so, the quality and cost, of

manuf act ufeineghoyler fewngd eraife aihenpgeneHangr deg. npy Ml gherpeedyneris gushed

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

seal i ng nithah sing dfringhénstgligiéen to etgforme dre omes anflagwer avdls tine seRingi zi ng
ring, the wicker profiles 013 the seal-facing surfaces of the well head
bore and esmpagerhavithennerand otteewthirced dechtewo- pi ece U-seal | eg construction,
provi des enhanced cyclical perfom ance, inproved | ockdown capability with
annul us pressure, inproved cost to manufacture, and a decrease in potential
| eaks. Al {@oapin thelifystrated esfotlinhnksayiadinlygdpecximagbetiveantha aovonmetlhbf the

mat eri al or pol yner such as PEEK (pol y-ether-ether-keytone) or PPS

(pl yphenykangnSHk fidfdeivall of the mating housing. Such gap is required for installation in the

field and is sufficiently large to require plastic deformation of the seal body, but not the
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.



Brief Description of the Drawi ngs: [0014] Figure is a sectional view of a
seal assenbly with the energizing ring in energized position, in accordance
with an enbodi ment of the invention; [00151 Figure 2 is an enlarged
sectional view of the seal assenbly of Figure 1 in an unenergized position,
in accordance with an enbodi nent of the invention [0016] Figure 3 is an

enl arged S861410NR! intdy €t ndVie 3R ,;aﬁﬁ&rf%h% &ledlin g%@e & b2 g Aaekgi zed

posi tion seal and so y mat eri a i ng

?gslegf ;[ o;he g’%;)?l ZI y?@ﬁggfaglogﬁg ggﬁ?s‘%?lggﬁ tg%\g (l)xglg)( s lal {rBBIIOV1d9 IF
i nt t he
assenbl y. T SECOIURIRENA ﬁr%iaé'@ﬂ%o%#w%ﬁ?e”?}ff?snﬁé‘faofrn?éﬁ“éé‘g%ps%&c% Gifig

and therefore sealing between the energizing ring an the interior surfaces of the seal legs.

Further, wickers may be used on the exterior of the casing hanger and the bore of the

wellhead housing that sealingly engage the U-seal's inner and outer walls

[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 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



Detai |l ed Description of the Invention [0018] Referring to Figure 1, an
enbodi nent of the invention as installed is illustrated and shows a portion
of a high pressure well head housing 10. Housing 10 is |located at an upper
end of a well and serves as an outer well head nenber in this exanple.
Housi ng 10 has a bore 12 |ocated therein. [0019] In this exanple, the inner
wel | head neqﬁgr conpri§$s,a casi ng hanger 18, which is shown partially in
Figure 1 WAHSnObdtesepriacks 8rseerl thenarilivad Poroad sesiad harast-gaeths t ubi ng
spool or a Christmas tree; and casing hanger 18 could instead be a tubing
hanger, pthigeded dfetnjecgalveal g sopsictigey posidecsshangeh anejinnl perforamngn
exterior annular recess radially spaced inward frombore 12 to define a
seal pockenpr2ged Ibckdvive epbotiyrent anwilekeesutdingrevadbaten manufdrareeinihead
bore 12 and w ckers 20 are located on the cylindrical wall of seal pocket
22. Howev erdecremseonhetengiab dkere Alitsrnatitedy, wat lstie adlaslOman dethglecshngndanger 18
may have snooth sealing surfaces, rather than wi ckers 14, 20. In this

exanpl e, tReIRs ahitkes of g@lﬁ?ﬁieﬁ &ducPf adM REFSL S(pbfs-dferadiBerli@ohed enpesl y
(0}

portions of the well head re 12 and seal pocket 22. However, the w ckers
14, 20 naﬁ%mﬁmggﬂ&kﬂﬂﬁﬁﬂ?in ot her arrangenents. [0020] A netal -to-netal

seal assenbl’y 16 is located in seal. pocket 22. Seal assenbly 16 includes a
seal ring 17 fornmed of a netal such as steel. Seal ring 17 has an inner

wal | 25 conprised of inner seal |leg 27 for sealing against the cylindrical
wal | of easing hanger 18. Seal ring 17 has an outer wall surface 29
conprised of outer seal leg 31 that seals against: well head housi ng bore
12. In this enbodi ment, each wall surface 25, 29 is curved and snoot h.
However, in other enbodinents the wail surfaces 25, 29 nay have a
protrusion, or protrusions, so that contact forces are localized. A |ower
extension 30 of the seal ring 17 has a downward facing surface 21 shown

| anded on an upward facing shoul der 19 of the casing hanger 18. In this
enbodi nent, a. |lower portion of leg 26 circunscri bes an upper portion of kg
27, the tower end of the kg 26 | ands on a shoul der on the leg 27, the outer
surface of the kg 27 tapers radially inward bel ow that shoul der and above
the |l ower surface 21. The threads are just above the shoul der, and the |eg
26 extends above the upper end of leg 27. [0021] In this exanple, seal ring
17 is bi-directional due to the inner and outer seal |egs 27, 31 being two
separate pieces, as shown in Figures 1 and 2. The inner seal |eg 27 has
threads 36 that correspond to threads 34 formed on the outer seal |eg 31.
Thus, pressure fromthe annul us bel ow can enter via space between threads
34, 36 and act on the nose 38 of the energizing ring 28 from bel ow. The
annul us pressure further acts against the inner surface 42 of the outer

seal leg 31 and the inner surface 44 of the inner seat |leg 27 to enhance
the contact at the easing banger 18 and the wel | head housing 10 sealing
surfaces 22, 11. This greatly inproves sealability and ki ckdown resistance
to annul us pressure. , To seat the inner surfaces 42, 44 around the portion
of energizing ring 28 between the inner surfaces, soft nmetal inlays 40 may
be contained on portions of the inner surfaces 42, 44 that deform agai nst
the energizing ring 28 when the seal assenbly 16 is energized. Although
shown as rectangles in Figures 1-3, the inlays 40 may have grooves (not
shown) forned on the sealing side of the inlay 40. The grooves, that nay be
in a V configuration, assist in the flowof inlay material to provide a
seal .



[0022] The inlays 40 of this exanple may be fornmed of a soft nmetal such as
tinindiumor alternatively made froma non-netallic material or polyner
such as PEEK (pol y-etherether-k.eytone) or PPS (pol yphenyl ene sulfide).

[ 00231 Continuing to refer to Figure 1, a retaining nut 50 having an inner
di aneter 52 holds the seal assenbly 16 together during installation. The
retai ning nut 50 has threads 54 that correspond to threads 56 fornmed on an
upper out edriefddespuptiponf 88 Dramiogd:ng f or threadi ng engagement of the
retaining nut 50 with the seal assenbly 16. A protrusion 60 is formed on
the inner dianeter 52 of the retaining nut 50 that interferes with a

prot rusi orf08X]flogered e séréionsit dewort & eref asembly wHE BpERGRHIHGIIRE Ay 228 when
set. The sides of the protrusions 60, 62 in contact with each other are
flatter tcenprexedpbsiting ienengiacayithiangn®8dinraoithe kiviegtiout . . Conversel vy,
the sides of the protrusions 60, 62 that nust slide past each other as the
energizing ring 28 is forced downward are tapered to all ow ease of
nmovement . [bal13)Higuretbiedh relatgedtshetianeb pieet dfitke spppessemhly dfoignreslunfaaows of
the protrusions 62, 60 have a slope greater than the respective |ower and
upper sur faees7e@fpobifien,h atdousined §/ithAn e@dodibibus of s itvetieeal assenbly 16 is
bei ng energi zed and the energizing ring 28 is urged dowmmward, the snaller
respective slopes of the | ower and upper surfaces of the protrusions 62, 60
can slide JB@%] 19RGe ARt hesn1abEOEABAILTENEST theSedltdseniy dfffegieadr i théng
ring 28. wever, the respective |arger slopes of the upper and | ower

surfaces ckfnextglgzl%ﬁgfogiif)h' Witg'l{\%ft 21160 o PR 44l 8n@Bo P REAAG hrik IO MBI i 3D Ment

of the energi ring respect to the retaining nut 50 to prevent
upward backoff .of .th nergi zi ng, ri . ing to Figures 2-4,
during inselnﬁﬁgllzé'?g 8#\5,’(?%§?°§rnc%nﬁegw?‘ }6311 Q%Ré?ir%ehggmﬁﬁl h”ﬁj’?“?‘f{{ ead onto a set of
threads 64 forned on an upper end of the energizing ring 28 to run the
seal asse inta the annyl ar.. space b i 18 and
the wer  na0rHdedfy s o SaBRER B PRR RSl ek, I APRRSEARE 201
are not shown in Figures 2-4. described in r evi,ous ragraph,..in an
exanpl e erfEdighput fgﬂ’é‘ng&ﬁﬁcﬂﬁﬁ@s“séﬁﬂlﬂﬁ g aﬁ@or? et} a‘é?&’ﬁﬂ%ﬁﬂ?"ﬁ%{ e
pmassenbl ed with energizing ring 28, retaining nut 50, seal ring 17, and
ext ensi on IBGEMEPP. connected to one anot her,




[0025] I D an exanple of assenbly, the seal assenbly 16 is |lowered into the
annul ar space between the casing hanger 18 and the vvelthead housing 10
until the downward facing shoulder 21 on the | ower extension 30 | ands on

t he upward facing shoul der 19 of casing hanger 18. The outer wall 29 of
outer seal leg 31 will be closely spaced to wi ckers 14 on the well head bore
12. The inner wall 25 of inner seal leg 27 will be closely spaced to the

wi ckers 2Detriledl Deseypptiordsf thallnwaltionof seal pocket 22. Once the assenbly 16
is landed, the upward facing shoul der 19 on the casing hanger 18 provides a
reaction point for the energizing ring 28 to be forced downward by the
runni ng t poll §RefRrdngf foi Kicemt 1, faaranebodindnt ofistie inhentihoses i88aledgagisstmtedocket
defined by the inner surfaces 42, 44 of the outer and inner !cgs 27, 31 of

the seal pgidighoh? o RrEatisE hiBE pteRfiRE waNkka@Wogting el Hbegsg 27 is 13datédoatrmay e
radially apart fromeach other as shown in Figure 3. The inner wall 25 of

inner s eabpé,sﬁ Igfdggt[‘ %@évl%fl afdRe6ks BLQ oWief kRIS 28 Ydnftied H{tﬁisjéxalinﬁlei.s Qgir?tls)igg 10

engagenent outer wall 29 of outer seal leg 31 wl into
wi ckers 14 (K gun (%; i ting engagenent. Further, the soft netal inlays
40 on theﬁ?ﬁﬂ%ggégg a%g§“%§?°44 of the outer and inner seal |egs 31, 27
w || deform against the outer and inner surfaces of the nose 38 of the

coer 912, RIS 68 ApeY3Fod SEPvld Aot B L RN 5 AR

inlay 40., [0026] ri.ng. t he do rd nment . of e .ener.gi zjng ring 28
rel ative tSo"PHB Pg’égﬂ)’é% B l/wi%@vﬁ%‘élgﬁéﬁﬁfn?"e}yg “ﬁlﬁgadg*guwﬁaéé cg‘djl i%st the
inner surface of the retaining nut 50, As shown in Figuyres 3 and 4, the
prot r usi oA tBENHIPoPhe afuitresimas frge; ard @ﬂmngrli)én&qséﬁgpaﬂﬂgstﬁag&@ aggbiag IggeT:past
the protrusion 60 formed on the inner surface of the retaining nut 50. The
si des of phe, prfotyrdvomns B BRicen Cwsinzabanget §H heaeh cstahier aandan rege¥er to
prevent the energizing ring 28 from backing out of the seal ring 16,

resul ti ngrddiilyogltayinengd denme boreof2 tcdefiret aisedl ngckdt rit. 28 thik tetmbbteeangt ai ni ng
nut 50. Because the outer and inner seal |legs 27, 31 of the seal ring 16

are threadggersanukdiSodatedssiie hellgndttige S@adndr vitgrerk620MaYe Rehtedront e nose
38 at the bottom of the energizing ring 28 through the thread between the

i nner and c@e O'i:alsﬁﬁl oft 8I8pRLet BL-HIMAEeH3S ofHeBBhbSBAENtE Ohee | IRAdt eanaet al

inlays 40 rmed agal nst the nose 38 provides a seal against the annul us

pressur  UGIAEhRIb ! 487 R 47 5L BRRSEONNC IAyaniierg . e 1o

28 may be par intd bore e wei ght of

t“ﬂieci“nﬁéli ﬁﬁ%ﬁaﬁfp&%‘@?ﬁ lf?faf i%ﬁéitgﬁv%%feﬁﬁtﬁh% %3%%4‘ b oy PallonS SRS bly
(not - ShowRETRSTY LM GRLToRUel don g DHVFR O WER08: 20 BA) DEREHVRY ring

28 can be fornmed of netal, such as steel, [0027] Subsequently, during
product i onthengrangamenigl | pressure will conmuni 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 ou{®R0hAdnitanermeiekdeal asganigdy 163ylocaisdin seabpacket He reakasaeraoit&ct
pressure of the seal ring 16 with the outer and inner well head nmenbers 10,
18. The wigheles a tal 2@ g W7 |fornreli oftaahetalssmeah bngeedn Fageimgnit? has th itrse wiaHer wal |
25 of inner seal leg 27 and the outer wall 29 of outer seal 1leg 31. As

not ed abovemplifie df Mndy SeaftRg R Gvii sdslirgy RBSSIUE eylbaAliichleral beltoasiep himer 081t er and
inner seal legs 31, 27 and the | ower end of the energizing ring 28. [0028]

In the evegy rfﬂéaig 1$68h ofRS GAR Y AS 20 ohPrib&l SfesiRi gkl €O Mar RalbAgaidst” Unni ng

tool is connected to threads 64 on upper energizing ring 28. An upward

oo ¢ ho SEithed LS Doke?1 ! PRP LR AhAERIedch 1P nt68Y5] 1isldurk i Nlr aw

fromthe sea

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



[0029] In an additional embodiment. (not shown), the wellhead housing
could be a tubing spool or a Christmas tree. Furthernmore, the casing hanger
18 could instead be a tubing hanger, plug, safety valve or other device.

The sea
w ckers.

10

assenbly 16 can al so be used in a wellhead assenbly not having
[ 0030] While the invention has been shown in only one of its

forms, it should be apparent to those skilled in the art th it js not
limted hot pr@r%wg&ésttﬁﬁlcen%t fpeges 6{?s'°€aﬁ'&ﬁé;eg WP%%‘%“%P@&%%‘%%“PL onE t heSo
scope of the invention 'WHAT IS CLAIMED IS: 1. A wel |l head assenblg i
axi's, conp/iteiaglovamvasl fasmaer fepeal shasrerdsdaan MyuRvEE fengimoukise \Rg:

menber adapted to be located in the bore;

the casing hanger 18. In this embodiment, a lower portion of leg 26 circumscribes an
upper portion of leg 27, the lower end of the leg 26 lands on a shoulder on the leg 27, the
outer surface of the leg 27 tapers radially inward below that shoulder and above the lower
surface 21. The threads are just above the shoulder, and the leg 26 extends above the

upper end of leg 27.

[0021] In this example, seal ring 17 is bi-directional due to the inner and outer seal legs
27, 31 being two separate pieces, as shown in Figures 1 and 2. The inner seal leg 27 has
threads 36 that correspond to threads 34 formed on the outer seal leg 31. Thus, pressure
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.

th an
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opposi ng seal surfaces in the bore and on an exterior portion of the inner
wel | head nenber; a seal ring between the inner and outer well head
menber s having an inner annul ar menber and an outer annul ar nenber
circunscribing a portion of the inner annular nenber, the inner and outer
annul ar nmenbers being secured to each other by threads, the threads

term nating bel ow upper ends of the inner and outer annular nmenber s

def i ni ng [023] Bhe in&tynd@ nf theeianmpér mante Guted ofnmefl axctareurbas sinabbve orhe

t hr eads; an. annul ar energizing ring having a lower end insertable into
t he sl ot, alsgndiivaly mb&nfrbien howektadindmekrithe wiengi sichgs PERK (®ly-abert ed
into the slot the inner and outer annular nenbers of the seal ring above
the thr eagﬁelq{e@td,ll@ﬂ@,dppga@op}]phyn}%ﬁe\garﬂae) nto seal i ng engagenent with the
seal surfaces oOf the inner and outer well head nenbers, and the | ower end of
t he energ|2|ng ring forms netal -to-netal sealing engagements with wall

surfaces ot m@f&%% RONUL taMBIEDAN S0t Aingdef infer dib@est ab; and
wherein t e r eads e ine a pa%hway for fluid to flg\?\?{romthe bore bel ow

the seal ﬁ&l@gther&ﬂ ats&%abigl ?F t@%ﬂ\e} Hﬁr‘ﬂ‘n&fﬁ%ﬂﬁron Ha LA 11g0|’ﬁﬁ 50838 Rfadshe

energi zing ring, Wwherei ressure i n ore below the seal ring

d h

grﬁgl uf?ﬁgg‘?ﬁkfe&(ﬁ%%“g 4ﬂeh6?e?f*§' B o bl CDRP IoalRRtOR S TNAL: B Lhe
e a

det br ?T’:.& %ﬁ&f}é?q%rgpé ng Bfﬁlﬁgetgﬁi"&tnuf g@%tﬂc}h@se@} AR gsﬂ&:ﬂf‘bgéré’gand ghe i nner

arid outer annular nenbers that define the slo and
is formed on the inner diameter 52 of the retaining nut 50 that interferes with a protrusion

62 formed on the interior surface of the energizing ring 28 when set. The sides of the
protrusions 60, 62 in contact with each other are flatter to prevent the energizing ring 28
from backing out. Conversely, the sides of the protrusions 60, 62 that must slide past
each other as the energizing ring 28 is forced downward are tapered to allow ease of
movement. In this embodiment, the respective upper and lower surfaces of the
protrusions 62, 60 have a slope greater than the respective lower and upper surfaces of
the protrusions 62, 60. Thus, as the seal assembly 16 is being energized and the
energizing ring 28 is urged downward, the smaller respective slopes of the lower and
upper surfaces of the protrusions 62, 60 can slide past one another allowing further
insertion of the energizing ring 28. However, the respective larger slopes of the upper
and lower surfaces of the protrusions 62, 60 provide an obstacle to upward movement of
the energizing ring 28 with respect 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
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wherein the energizing ring deforns the inlay band when fully | ocated
within the slot. 3. The assenmbly according to claim2, wherein the inlay
conprises a material that is selected fromthe |ist consisting of a netal,
a non-netallic material, polyphenylene sulfide (PPS),

pol y- et her - et her-keytone (PEEK), and conbinations thereof. 4. The assenbly

according to claim1, tein the slot, has.a |ower end s e ve the

t hr eads, éh? sﬁﬂe‘?sé‘?rﬁbl?' \r/]\@em?lg?e %@Sﬁf@ce%%?egr%ﬁeﬁecﬁﬁlg Shagl?éér ?%%ggbtg? anti al
contact with each other between the | ower end, of .the slof, and the threads
5. The asseesd bessediong of 6lagbaiths we! W@ﬂg' Rd R TS fra g BYShg R 10
cylindrical, and the assenbly further conprises inner and outer protrusions
respect i vdigorngdt aborigscahedun & pevicus nfesisite 1Hfant e CEI0T Y, ith% and
an inner circunference of the outer annular nmenber of the seal ring,

wher ei n r esppoténtecuppisingihd stadwerensly fi @ esprofssemdlddrinish e@ﬁﬁﬂiliﬂatrié\ggl&
protrusions have a slope |l ess than a slope of respective | ower and upper
surfaces attatrfig 3o seandhlLL, end priotsiers3®aiscomsectthatona ahothee to urge the
inner protrusion upward past the outer protrusion exceeds a force to urge
the inner protrusion downward past the outer protrusion. 6. The assenbly

accor di ng (b5 1alaMexdmplabesgemblhtetsbaleasnity ipislswcad sed tiof anextespuat
threads on an outer circunference of the inner annul ar nenber and a set of

LTI S 8100 e skt ety

east one %Boﬁllagr S t3Y5%ACESension 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.
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8; The assenbly according to claiml, wherein the inner annular nenber of
the seal ring includes an upward-facing shoul der projecting radially
outward and wherein a |lower term nal end of the outer annular nenber is
| anded on the shoul der. 9. A seal assenbly, conprising: a. seal ring
for sealing between inner and outer well head nenbers, the seal ring having
an axi s and inner annul ar nmenber and an outer annular_ nenber circunscribing
porti on ofP0gRkDpFing theadeitipyard rapnsatent af e ensreiging aingal8 tHtedde ba seHe i nner
annul ar nmenber; a set of internal threads on the outer annul ar nmenber
t hat engageembly léxthercnalgizing wegi28 tidessgemriche hwei wnlace afitie mntisingamhil.ar
nmenbers together; the inner annular nenber having a cylindrical outer wall
surface spasleovif mdfigares 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



cylindrical inner wall surface of the outer annul ar nmenber, defining an
annul ar sl ot above the internal and external threads; an annul ar
energizing ring having a lower end insertable into the slot, the |ower end
having a greater radial thickness than the slot prior to entry into the
slot, which causes the |ower end to nove the inner and outer annul ar

menbers of t A i all . d i i
enoagenentead £ nigdpstifiva 25 Ak BRARYgk MM SRR MendOl B ELAPERL |1

menbers; | wherein_the | ower en t he .energi zi,ng ring forns
net al - t o- H@Féfe%@&??h&@figél&e]ﬁﬁ’ﬁf %"Cﬂ?fftﬁe ?Wéglﬁlﬁtgé&gggd i nner wal | surfaces;
and wherein the threads define a pathway for fluid to fl ow from bel ow

the seal ring into the slot _and int t with the | 1

ener gi zi n&)orﬁh&}thﬁﬁé‘?@iﬁf?t |§?3é§§589’|é’?y0?6 l%&‘g"g%q’?‘fviv’:eﬂ %o%ﬁ?rﬁg?gz\{/vmt% ﬁ@ggcgoélwﬁ ng
produces a force to urge the inner annular nemher inwnar, Pnd.the.o er
annul ar meeriyerted tn thageds 64 ON PRBETRISEEVBPS TS 281 iy E’f‘gli Meg s W@Fﬂgf(’n:

upper energizing ring 28, causing it to withdraw from the seal ring 16.

[0029] In an additional embodiment (not shown), the wellhead housing 10 could be a
tubing spool or a Christmas tree. 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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an inlay band of a deformable material is fornmed on at | east one of wall
surfaces of the inner and. outer annular nenbers of the seal ring; and the
energi zing ring deforns the inlay band when fully located in the slot, |

1. The. assenbly according to claim 10, wherein the inlay conprises a
material that is selected fromthe list consisting of a netal, a

non- met@ipracr meter iavimeliwehenyl ene sul fide (PPS),
pol y- et her - et her - keyt one (PEEK), and conbi nati ons thereof. 12. The assenbly

according to claim9, wherein the slot has a | ower end spaced. above the

ext er nal n wher.ein the i nner and outer annul ar
n'en‘oerg a%eQe%&sub %mbtl Wﬁ%%%n gsgowlflﬁn%ach ot her between the | ower end of

the slot and the external and internal threads. 13: The assenbly according

to claim9, further conprising i nner and outer protrusions
anl outer we eag mnépmber ha ng a bore; P

an inner wellhead member adapted to be located in the bore;

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

member;

a seal ring between the inner and outer wellhead members having an inner annular
member and an outer annular member circumscribing a portion of the inner annular member,
the inner and outer annular members being secured to each other by threads, the threads
terminating below upper ends of the inner and outer annular members, defining a slot

between the inner and outer annular members above the threads;

an annular energizing ring having a lower end insertable into the slot, so that when the
lower end of the energizing ring is inserted into the slot the inner and outer annular members
of the seal ring above the threads are urged radially outward into sealing engagement with the
seal surfaces of the inner and outer wellhead members, and the lower end of the energizing
ring forms metal-to-metal sealing engagements with wall surfaces of the inner and outer

annular members that define the slot; and

wherein the threads define a pathway for fluid to flow from the bore below the seal ring
into the slot and into contact with the lower end of the energizing ring, wherein fluid pressure
in the bore below the seal ring produces a force within the slot to urge the inner annular

member of the seal ring inward and the outer annular member of the seal ring outward.

2. The assembly according to claim 1, wherein;
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respective fornmed along an outer circunference of the energizing ring and
an inner circunference of the outer annular nmenmber of the seal ring,
wherein respective upper and |ower surfaces of the inner and outer
protrusions have a slope |less than a sl ope of respective | ower and upper
surfaces of the inner and outer protrusions, so that a force to urge the

i nner protr ysiiaRyupward pastmidiee latetal by fitrmus ioarnt éxceeds oawhibrsogades olir ge
t he inner protrusion downward past the outer protrusion. 14. The assenbly

accord'ﬂegmhg &H%rgannufapﬁkﬁﬁ;ersctﬁméfﬁb@lgeélBtnﬁﬁdand outer protrusions
respective forne I ong an outer circunference of the energizing ring and

an i nner circunference of the outer annul ar nenber of the seal ring, the

protrusions \Px‘}“érﬂﬂ thOLBH 789 rh3 deBSnlsQhé adh@bdid Wwidneufl @l @awidtvitianchesiap past
each other as the energizing ring noves dowmmward into the slot.

3. The assembly according to claim 2, wherein the inlay 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.

4. The assembly according to claim 1, wherein the slot has a lower end spaced above the
threads, and wherein the inner and outer annular members are in substantial contact with each

other between the lower end of the slot and the threads.

5. The assembly according to claim 1, wherein the wall surfaces are cylindrical, and the
assembly further comprises inner and outer protrusions respective formed along an outer
circumference of the energizing ring and an inner circumference of the outer annular member
of the seal ring, wherein respective upper and lower surfaces of the inner and outer
protrusions have a slope less than a slope of respective lower and upper surfaces of the inner
and outer protrusions, so that a force to urge the inner protrusion upward past the outer

protrusion exceeds a force to urge the inner protrusion downward past the outer protrusion.

6. The assembly according to claim 1, wherein the threads comprise a set of external
threads on an outer circumference of the inner annular member and a set of internal threads

on an inner circumference of the outer annular member.

7. The assembly according to claim 1, wherein a set of wickers is formed on at least one

of the seal surfaces.
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5. The assenbly according to claim?9, wherein the external and internal
threads are configured to remain in. threaded engagenent with each ot her
after the lower end of the energizing ring filly enters the slot. 16. The
seal assenbly according to claim9, further co ~inlay bands of a soft
metal | ocated on each of the wall surfaces of the inner and outer annular

menber sg. andThe assemWEIELidE BNEM 8141P9, Eﬂenigngeaff%rl aﬁ_ﬁ-}grﬁ'g)gg{)l %g ggﬂgﬁé when

formng the netal -ta-netal seal |hng_ éngagemenit S. T tthe seal rihg
i ' wherein. the .inner annul ar r of . . _
R e L T e

erm nal end of the outer annul ar nenber is | anded on the shoul der.
a | Owerentd ofrHle outer annular member 1s landed on the shoulder.

9 A seal assembly, comprising:

a seal ring for sealing between inner and outer wellhead members, the seal ring
having an axis and inner annular member and an outer annular member circumscribing a

portion of the inner annular member;
a set of external threads on the inner annular member;

a set of internal threads on the outer annular member that engage the external threads

to secure the inner and outer annular members together;

the inner annular member having a cylindrical outer wall surface spaced from a
cylindrical inner wall surface of the outer annular member, defining an annular slot above the

internal and external threads;

an annular energizing ring having a lower end insertable into the slot, the lower end
having a greater radial thickness than the slot prior to entry into the slot, which causes the
lower end to move the inner and outer annular members of the seal ring radially apart from
each other and into sealing engagement with opposing seal surfaces on the inner and outer

wellhead members;

wherein the lower end of the energizing ring forms metal-to-metal sealing

engagements with the outer and inner wall surfaces; and

wherein the threads define a pathway for fluid to flow from below the seal ring into

the slot and into contact with the lower end of the energizing ring, wherein pressure of the
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18. The seal assenbly according to claim9, wherein: the portion of the
outer wall surface of the inner annular that defines the slot has a smaller
outer circunference than the external threads; and the portion of the inner
wait surface of the outer annul ar nenber that defines the slot has a |arger
inner circunference than the internal threads. 19. A nethod for sealing an
i mul | hefddd rewbbelopgha seal sutar odwsich Reaige e wiser the dgiwp ppgilagnember inpaidindg a
seal assenbly between the inner and outer well head nenbers; the seal haying
an i nnethe beigr andila rsephgratewaoudt er |1 eg, a slot there between, the inner |eg
and the outer

10. The assembly according to claim 9, wherein:

an inlay band of a deformable material is formed on at least one of wall surfaces of

the inner and outer annular members of the seal ring; and
the energizing ring deforms the inlay band when fully located in the slot.

11.  The assembly according to claim 10, wherein the inlay 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.

12.  The assembly according to claim 9, wherein the slot has a lower end spaced above the
external and internal threads, and wherein the inner and outer annular members are in
substantial contact with each other between the lower end of the slot and the external and

internal threads.

13.  The assembly according to claim 9, further comprising inner and outer protrusions
respective formed along an outer circumference of the energizing ring and an inner
circumference of the outer annular member of the seal ring, wherein respective upper and
lower surfaces of the inner and outer protrusions have a slope less than a slope of respective
lower and upper surfaces of the inner and outer protrusions, so that a force to urge the inner
protrusion upward past the outer protrusion exceeds a force to urge the inner protrusion

downward past the outer protrusion.

14. The assembly according to claim 9, further comprising inner and outer protrusions
respective formed along an outer circumference of the energizing ring and an inner
circumference of the outer annular member of the seal ring, the protrusions being formed so
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| eg being secured to each other by threads |ocated bel ow the slot, the
threads defining a pathway for fluid pressure below the seal assenbly to be

transmtted into the slot; driving an energizing ring into the slot
in the seal assenbly to urge inner and outer legs of the seal assenbly into
engagenment wth the inner and outer well head nenbers; with the

ener gi zasng radiatly ifierfir RgtRarsiedlap ipAsttdAeh et aABRIASLIAR: ARG vsUnE 868 af the
out e? Iesggand g)rq out er N’guri hee 8#’ the inner |leg toltgprﬂ(;)gvl Qg a sea{) agai nst
the fl uineh Peegsure bel ow the seal ring, wherein an increase in the fluid
pressure is transmtted to the slot and increases contact forces between
the inner and outer |egs of the seal assenbly and the inner and outer

i T 0 i t.o. claiym 19,
Tt hor s ommrre SaschBADacli iRk o diim 2?#55%%4%9?%%%5@@%%39%3% t gttwﬁacﬁyrsam |
i . f i d.outer | egs .w i e slot,

ot or rionaual, & PRAAENE (fod 0 e AR e R QlRRRFk o Rt the

i zing.r.i [ e sl ot.
energl Zelngl%lzrllng %n:g Iilltil?y énr%ers the slot.
16.  The seal assembly according to claim 9, further comprising:

inlay bands of a soft metal located on each of the wall surfaces of the inner and outer

annular members; and

wherein the energizing ring deforms the inlay bands when forming the metal-to-metal

sealing engagements.

17. The seal assembly according to claim 9, wherein the inner annular member of the seal
ring includes an upward-facing shoulder projecting radially outward and wherein a lower

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

18.  The seal assembly according to claim 9, wherein:
the portion of the outer wall surface of the inner annular that defines the slot has a smaller

outer circumference than the external threads; and

the portion of the inner wall surface of the outer annular member that defines the slot has a

larger inner circumference than the internal threads.

19. A method for sealing an inner wellhead member to an outer wellhead member,

comprising:

landing a seal assembly between the inner and outer wellhead members; the seal

having an inner leg and a separate outer leg, a slot there between, the inner leg and the outer
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leg being secured to each other by threads located below the slot, the threads defining a

pathway for fluid pressure below the seal assembly to be transmitted into the slot;

driving an energizing ring into the slot in the seal assembly to urge inner and outer

legs of the seal assembly into engagement with the inner and outer wellhead members;

with the energizing ring, forming a seal in the slot against an inner surface of the outer
leg and an outer surface of the inner leg to provide a seal against the fluid pressure below the
seal ring, wherein an increase in the fluid pressure is transmitted to the slot and increases
contact forces between the inner and outer legs of the seal assembly and the inner and outer

wellhead members, respectively.

20.  The method according to claim 19, further comprising the step of providing an inlay
band of a deformable material on at least one of the inner and outer legs within the slot, and
deforming the inlay band with the energizing ring while driving the energizing ring into the

slot.
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