METAL SEALING ADJUSTABLE CASING SUB BACKGROUND 1. Field of Invention The device
described herein relates generally to the production of oil and gas. More specifically, the device
described herein relates to a sealing assembly for use in an adjustable casing sub. 2. Description of
Related Art Some offshore platforms have a production tree or trees above the sea surface on the
platform. In this configuration, a casing string extehds from the platform housing to a subsea wellhead
housing disposed on the seafloor. Production casing inserted within the wellbore is supported on the

subsea floor by a hanger in {hesubsga hausings fihercasing siigw:befygen the subsea and surface

wellhead housings is tensioned to prevent flexure that may be caused by thermal expansion from
heated wellbore fluids or vibration from apglige-gigf dnads Additionally, the string length or height is
typically adjusted to seat or land the upper casing within a surface hanger. A sub assembly can be
attacheg to the:casing,sfdRgL,and used to tension the casing string and adjust its length. The sub
assemblies typically comprise a pair of mated housings that in response to an applied force are

mechanjgally.rettaciabisdniensihlhe; adilssiab e sub psaemblies cannacilivowithittheasiting or on

its upper end and when retracted impart a tension force on the casing string and by its retraction,
shortening IbE GASIRGBHEEEIeRA ] ates to a sealing assembly for use in an adjustable casing sub.
2. Description of Related Art
Some offshore platforms have a production tree or trees above the sea surface on the platform.
In this configuration, a casing string extends from the platform housing to a subsea welthead
housing disposed on the seafloor. Production casing inserted within the wellbore is supported on
the subsea floor by a hanger in the subsea housing. The casing string between the subsea and
surface wellhead housings is tensioned to prevent flexure that may be caused by thermal
expansion from heated wellbore fluids or vibration from applied side loads. Additionally, the
string length or height is typically adjusted to seat or land the upper casing within a surface

hanger.

A sub assembly can be attached to the casing string and used to tension the casing string and
adjust its length. The sub assemblies typically comprise a pair of mated housings that in
response to an applied force are mechanically retractable in length The adjustable sub
assemblics connect inline within the string or on its upper end and when retracted impart a

tension force on the casing string and by its retraction, shortening the casing string length.

SUMMARY OF INVENTION
According to one aspect, there is provided a tubular assembly between a platform and a subsea

wellhead, the tubular assembly comprising: an adjustable casing sub coupled between the subsea



SUMMARY OF INVENTION According to one aspect, there is provided a tubular assembly between a
platform and a subsea wellhead, the tubular assembly comprising: an adjustable casing sub coupled
between the subsea 1 a wellhead and the platform, the adjustable casing sub comprising, an outer
housing, an inner housing selectively insertable within the outer housing and having a transition that
defines a change in length of an outer radius of thitinner housing, an annulus formed between the
inner and outer housings, at least one of the housings have a seal surface in the annulus; a seal that

moves %ﬁh@&hiqﬁ@'&@gf&%ﬁ&%&@%@gtmﬂ&%@&% the anpulisiagiaceptihesgahsuriacenthe seal

having an outer circumference with a metal face and an inner surface with cantilevered members; and

a seal %&@%l@é‘ﬁ%ﬁ% cRaIBRAWIthIN e RUHHARIE £asin g sHRs SO dAlWhFtbQiSealJs urged to

the sealing position to where the outer radius of the inner housing is increased by the seal energizing

system, e Joelaldags isrurpstiadially QuanarddBicsealpoFOMAGRWEA-ABJHBK &Y Reskthe outer

housing by contact of the cantilevered members with the outer radius of the inner housing. According

to anothghasnechangressenexidedcarasiusiabiecasing swmenhanicadiy altachableogtwgen a

platfom and a subsea wellhead assembly, the casing sub comprising: a first housing; a second

housingmwhgrghihe hausingsiam WweseapiohyinsatablgwithinionednetiahcasLrergizinthsleeve
provided within one of the housings; profiles formed on the energizing sleeve inner diameter for

rotatingdh¢ endrgizedsleewiashasge ividiameiancitermsdribing:oneaftibe hatsiagsiedefading a
transition from a clearance portion to a sealing surface on the housing; a radial annulus between the
first andhsaabed; hod singabxtengitigeacross thetrarditidtiiantkadadiabkealstigpobesbiththevhemulus and
axially moveable therein, the seal comprising an annular body, a cantilevered leg with an end attached
to an inmler sistismferdricehefsiwdipoysitometatfaceionoateomdneirt thmierenbewiip & bodyg sk seal
energized into sealing engagement with the sealing surface when urged past the transition from the
clearanty portiesl energizing system, the metal face 1s urged radially outward into sealing contact with

an inner surface of the outer housing by contact of the cantilevered members with the outer

radius of the inner housing.

According to another aspect, there is provided an adjustable casing sub mechanically attachable
between a platform and a subsea wellhead assembly, the casing sub comprising: a first housing; a
second housing, wherein the housings are telescopingly insetable within one another; an
energizing sleeve provided within one of the housings; profiles formed on the energizing sleeve
inner diameter for rotating the energized sleeve; a change in diameter circumscribing one of the
housings, defining a transition from a clearance portion to a sealing surface on the housing; a
radial annulus between the first and second housing extending across the transition; and a radial
seal disposed in the annulus and axially moveable therein, the seal comprising an annular body, a
cantilevered leg with an end attached to an inner circumference of the body, a metal face on an
outer circumference of the body, the seal energized into sealing engagement with the sealing

surface when urged past the transition from the clearance portion.



Ib The present disclosure includes a tubular assembly extending between a platform and a subsea
wellhead. In an embodiment the tubular assembly includes a casing string connected to the subsea
wellhead and an adjustable casing sub coupled between the casing string and the platform. The
adjustable casing sub comprises an outer housing, an inner housing selectively insertable within the
outer housing, and an annulus formed between th&inner and outer housings. At least one of the
housings has a seat surface in the annulus. A seal is provided that moves from an initial "clearance”

posm”ﬁﬁaﬁf%%ﬂ{‘ gieqsian i?ébfﬁ&?%’l%%?a?‘%%ﬁg%ﬁw Q‘%t%%éf?%“é@&%eg Qgpf‘aé?(%%%@ QeRdpetal

face, the face having an interfering diameter w e'seal surface causin eformation of the
seal as {f mpves axAIWIRnLE AnHSASeREHder & &.e8akenerizing,Juatan), dpe metal face
may be a ductile metal and may be one of a silver coated metal, a éutectic alloy, an indium alloy, and
combinations thereof. The compressive sealing surface may be a spring like element. The seal on a
side opposite the metal face can include a resilient cantilevered member having a sealing surface on
its free end that engages the other side of the housing. In one embodiment, the seal face is in sealing
contact with the outer housing inner circumference. A plurality of seal elements of a soft ductile metal
may be included on the seal face. The housing surface may include a transition circumscribing an axis
of the adjustable casing sub, the transition defining a change in diameter of the housing, wherein on
one side of the ansition a clearance exists between the seal and the housing, and the other side of the
transition defines the seal surface where the seal is put into interfering and sealing engagement with
the seal surface. The transition may be on the outer diameter of the inner housing, or on the inner
diameter of the outer housing.



The seal, in one embodiment, has an elongate height aligned with the casing sub axis, the seal face
comprising bands of ductile metal inlays coaxially circumscribing the body outer surface, the inlays in
sliding contact with the outer housing inner surface, and the seal has an opposite 3 side containing a
sealing surface disposed on the end of a spring like cantilever member, the elastic deformable seating
surface compressively engagable with the outer eircumference of the inner housing. Also disclosed
herein is a well production apparatus comprising a first housing and a second housing coaxially and
telescopingly engaged with the first housing with an improved seal between, the housings. The seal
comprisése radliesdatitody cieiustEiebAgE BisCINBIEH dEFRARG AN EASHEaTE 88 cHch Bigned with
the axis, elastically deformable cantilevered arms extending from the respective_ends, of the elongate
sectiomp} sdaling The atheretdx erRMGgSHOMOIRETERY Bt (SRS NEredl AR ORG-S F1&8aling
engagement one of the housings on a first side of the seal body, and a.plurality of ductile metal inlays
on a siteeofiile sBbirgbey EppPHRIETS MR ArstER s ATRRSBER ST %rnag%gu&?rthg ROGSings
defining a transition to a sealing surface on the housing. The seal od% is radialéyds%%gch%ga\évhen in
contactwieshenscafiify SarrBEs G 58 SRkl HreRBBrsh Ekting &5 t AR e $&aling surface.

The present disclosure also include an adjustable casing sub, the sub including.an upper-end
echa A GO AAIE D e IGwer SRR Ty EOU A Ll S

to a casing string, a first

housing, a second housing, wherein the housings are telescopingly. insertable within 9ne anather, an

energiz%ﬁ@ SrabTE B IBVRISIHGHHI RS e St ‘éehkb%éﬂ?g%? QF@%%%%&&Q gﬁ) %ggrfcﬁ!rﬁgﬁk on the ernergizing

sleeve inner diameter for rotating. the enFr izi%sleeve
i

one of ﬂqé%gqﬂﬁg%wﬁaogt? s seals 2% axial Changein diametersadially, girgumscribing

ac earancg portion to a seaﬁng surface on the housing,
a radial annulus between the first and second housing extending across the transition, and a radial
seal diSFBSEFTRTE §Hts and axially moveable therein, and the seal energized into sealing
engagement with the sealing surface when urged past the transition from the clearance portion.

The metal face may be a ductile metal and may be one of a silver coated metal, a eutectic alloy,
an indium alloy, and combinations thereof. The compressive sealing surface may be a spring
like element. The seal on a side opposite the metal face can include a resilient cantilevered

ember having a sealing surface on its free end that engages the other side of the housing. In
one embodiment, the seal face is in sealing contact with the outer housing inner circumference.
A plurality of seal efements of a soft ductile metal may be included on the seal face. The
housing surface may include a transition circumscribing an axis of the adjustable casing sub, the
transition defining a change in diameter of the housing, wherein on one side of the transition a
clearance exists between the seal and the housing, and the other side of the transition defines the
seal surface where the seal is put into interfering and sealing engagement with the seal surface.
The transition may be on the outer diameter of the inner housing, or on the inner diameter of the

outer housing,

The seal. in one embodiment, has an elongate height aligned with the casing sub axis, the seal
face comprising bands of ductile metal inlays coaxially circumscribing the body outer surface,

the inlavs in sliding contact with the outer housing inner surface, and the seal has an opposite



4 BRIEF DESCRIPTION OF DRAWINGS Some of the features and benefits of the present invention
hav!ng been stated, others will become apparent as the description proceeds when taken in
con;unction with the accompanying drawings, in which: Fig. | is a side view of an offshore rig with a
casing string extending to the seafloor, the casing string having an adjustable casing sub. Fig. 2 is a
side cutaway view of an embodiment of an adjustable casing sub. Fig. 3 is a side cross sectional view

of a seal for an adjustable casing sub prior to being energized. Fig. 4 is a side cross sectional view of
the seal of FIG. 3 after being energized.

side containing a sealing surface disposed on the end of a spring like cantilever member, the
elastic deformabie sealing surface compressively engagable with the outer circumference of the

inner housing.

Also disclosed herein is a well production apparatus comprising & first housing and a second
housing coaxgaléy and telescopingly engaged with the first housing with an improved seal
between the housings. The seal compriseé a radial seal body circumscribing an axis, the body
having an elongate section aligned with the axis, elasticaliy deformable cantilevered arms
extending from the respective ends of the elongate section, sealing members extending from the
end of the cantilevered arms configured for sealing engagement with one of the housings on 2
first side of the seal body, and a plurality of ductile metal inlays on a side of the seal body
opposite to the first side. A transition is formed.on one of the housings defining a transition to a
sealing surface on the housing. The seal body is radially stretched when in contact with the

sealing surface to put the seal members in sealing contact with the sealing surface.

The present disclosure also include an adjustable casing sub, the sub including an upper end
mechanically coupiable to a platform, a lower end mechanically couplable to a casing string, a
first housing, a second housing, wherein the housings are telescopingly insertable within one
another, an energizing sleeve provided within one of the housings, elongated splines formed on
the energizing sleeve inner diameter for rotating the energizing sleeve, a change in diameter
radially circumscribing one of the housings defining a transition from a clearance portion tc a
sealing surface on the housing, a radial annuius between the first and second housing extending
across the transition, and a radial sea) disposed in the annuius and axially moveable therein, and
the seal energized into sealing engagement with the sealing surface when urged past the

transition from the clearance portion.



Fig. 5 is a side cross sectional view of an embod ent 0 a seal for use in an adjustable casing sub. Fig.
6 is a side cross sectional view of an embodiment of a seal for an adjustable casing sub prior to being
energized. Fig. 7 is a side cross sectional view of the seal of FIG. 6 after being energized. While the
invention will be described in connection with the preferred embodiments, it will be understood that it is
not intended to limit the invention to that embodiﬁﬁant, On the contrary, it is intended to cover all
alternatives, modifications, and equivalents, as may be included within the spirit and scope of the

inventigp as-dsfineq yribaappended elairgs. 5 DETAILED DESCRIPTION OF INVENTION

Some of the features and benefits of the present invention having been stated, others will become

apparent as the description proceeds when taken in conjunction with the accompanying

drawings, in which:

Fig. | is a side view of an offshore rig with a casing string extending to the seafioor, the casing

string having an adjustable casing sub.
Fig. 2 is a side cutaway view of an embodiment of an adjustable casing sub.

Fig. 3 is a side cross sectional view of a seal for an adjustable casing sub prior to being

energized.
Fig. 4 is a side cross sectional view of the seal of FIG. 3 after being energized.

Fig. 5 is a side cross sectional view of an embodiment of a seal for use in an adjustable casing

sub.

Fig. 6 is a side cross sectional view of an embodiment of a seal for an adjustable casing sub prior

to being energized.
Fig. 7 is a side cross sectional view of the seal of FIG. 6 after being energized.

While the invention will be described in connection with the preferred embodiments, it will be
understood that it is not intended to limit the invention to that embodiment. On the contrary, it is
intended to cover all alternatives, modifications, and equivalents, as may be included within the

spirit and scope of the invention as defined by the appended claims.



The present invention will now be described more fully hereinafter with reference to the accompanying
drawings in which embodiments of the invention are shown. This invention may, however, be
embodied in many different forms and should not be construed as limited to the illustrated
embodiments set forth herein. rather, these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the §cope of the invention to those skilled in the art. Like
numbers refer to like elements throughout. The device described herein provides a metal seal for use

inan a E§I§§]l‘%ﬁaémﬁm Metalgerhinsiydes a compressible surface having a ductile metal

insert that is also lubricating when axially sliding along an opposing sealing surface. The seal may also

includeqan elastically defprmable ipembeton e errosingiside ot ithesompressiblensurfacadhat

elastically deforms under a compressive load, and due to its elasticity imparts a sealing force on its

respecﬁ‘é&%ﬁ%ﬁﬁﬁlﬁtﬁmﬁg&/\{m&ﬁr&ﬁﬁ@dﬁy@\%{@ HGe Ly anexample okan Diisheventign2@as provided
in a side view. The offshore rig 20 comprises a platform 22 situated above the level of the sea 21 with

a derrigl, sfeysturg 2hedtached dautheiter-ehtiedplatiarmiZi Suppoet tegsRéextendifednuttie bottom of
the platform and attach on the sea floor 28. A subsea wellhead 30 is formed over a wellbore 31. A
tieback;asingestunGRiiends apwakafianrifiesubhsea swdithtadandis pouplied witkhat sbirface
wellhead 32 that is within the platform 22 of the offshore rig 20. in line with the casing string 34 is an
adjustapie:RRgH0:SHIH3BhAsuishkanawmninsatiandftie atjustable casingpamB6canvadiost the length
of the casing string 34 to a predetermined length and can also tension the casing string 34. 6 A partial
cross-segtioralildauwn ofcurieXdkeplentdfanratjusidiie dasiegsbibodguisishown in FIG. 2. The adjustable
casing sub comprises a generally annular inner housing body 42 that partially coaxially extends into an
outer sleeve 50. The outer sleeve 50 is an annular member with its inner diameter roughly equal to the
outer didhseteyiof draciibrst eaRisiRG YOy UDCTHESR er§Bé"cfﬂ/é”o‘?Hd%ﬁ§mﬁ§a§}W‘i’r}?seﬁS A
telescoping coaxial movement of the inner housing body 42 within the outer sleeve 50. A ratchet ring
housing'@d isrdsshie GUBRIFESION S IEITRIRAY BS S HRE DTIERSIBEE B8t FruShtREEHRY ROGEing 46,
which is also annular, coaxially circumscribes a portion of the ié‘kner ho Singﬁfa‘?\%g 42 blelﬁgxw ﬁQe
terminaP&iHbAHEIEANEIGBVEPBES TR St L ot FGvidé 8o FIh & Cir refic8 ot the ratchet
ring housing 46 on its lower skirt section. A ratc?eﬁring 44 is 'f%l;medfon_tt %{og%%g.gérﬁj?é‘%rensce of the
inner hASREHIaYED BHAB O P RS StHB SRR & RIT TR BB SOHdING 1§°Hhe 48S1R"48 on the
ratchet ring housing 46. The cambination of ratchet ring housing 46 and ratchet ring 44 comprise a
ratchet 3@3%@?2‘?%?6(?%%&%%\5{8&é?mt“osf ﬁ%?é"’[ﬁé?ﬁﬁ%s haOl.EJ;%Efer}llél "’4?) 5%%%%5%&608 g‘\%‘% from the
outer sleeve 50 wthile preventing upward movement of the ratchet ring housing 46. An annular
travelinﬁqflg%%/éuéﬁ%‘coaxially affixed within a portion of the outer sleeve 50. The traveling sleeve 54
is profiled on its inner circumference and at its lower end, in the embodiment illustrated the profiles
Cmp“%‘@?&@%&%%&é&%ﬁ!@?ﬁ 52 Iheselinem R2mtend generply Rasalielteitee xis Aeof the

e

adjustable casing sub 40. Also coaxially disposed within the outer sleeve 50 is an annular fixed sleeve

o1 haV"}Q‘@zﬁbPéJ(?% dipmeigriless thandhe innerdiameteref theiravalingsleave 54iffhedimansions of
the fixed sleeve 51 and the outer sleeve 50 form an annulus 49 therebetween. Threads 55 are formed

on the oylgr.circumigrenee of thespperrnsatdhe tavalingsierye 54 cangcaesperisdingihreads 53
are formed on the outer diameter of the fixed sleeve 51.
the platform and attach on the sea floor 28. A subsea wellhead 30 is formed over a wellbore 3L
A tieback casing string 34 extends upward from the subsea wellhead and is coupled with a
surface wellhead 32 that is within the platform 22 of the offshore rig 20. In tine with the casing
string 34 is an adjustable casing sub 36. As is known, insertion of the adjustable casing sub 36

can adjust the length of the casing string 34 to a predetermined length and can also tension the

casing string 34.



7 The respective inner and outer diameters of the inner housing body 42 in the outer sleeve 50 form a
housing annulus 45 between these two members. The annulus 45 is an annular void with a seal
assembly 59 disposed therein. The seal assembly 59 includes a metal sealing face in contact with one
of either the inner or outer housings to seal the coupling connection between the inner housing body
42 and outer sleeve 50. The embodiment of FIG. 2 also illustrates an energizing sleeve 56 for urging
the seal assembly 59 into an energized sealing configuration. FIG. 3 provides a side cross-sectional

view ofap.gmbadisnent:ha; seakassamblmindiis fompsthe davan eashofithe diawalinorsteeye 54

connects to the energizing sleeve 56 via a locking element 58. In this embodiment, the locking element

58 compisesa@blit FRgheomprassprdaiq respastiveshannels donmeddip Hatraveliagseavs 54 and
the energizing sleeve 56. The energizing sleeve 56 is illustrated as a ring-like member extending

around-theilowensekrdmierenceue-thiediavaling sleanebdeA scaling:elemant Tempyr aptionally be
provided in a space between the outer surface of the energizing sleeve 56 and the inner radius of the
outer sigmste hbmbicthiswmibodirant, thie:enargizigsteeve Stcolniesr diamaigrisculdstantialy-the same
as the outer sleeve 50 inner diameter. The energizing sleeve 56 and outer sleeve 50 are in sliding
contacteJhetaredgizingslealie b Griewdspentior tammphates iz iah inwerdhy: difebtechiipr 68 thazextends
away from the outer sleeve 50. An inner housing nut 61 is shown coaxial!) adjacent within the lower
portiontefithélewahgizing sleewebé: The mnerhousigdoutig 46 aslargdipdnnikatonentbaninalving a
shoulder formed on ts upper end that extends outward toward the outer sleeve 50 to foiin a
cooperatihgSuhfacewitbittestipls3 Ghethieltbueriendofithe eltergitiy sladve SBURe tonariterminal
end of the inner housing nut is threadingly coupled to the upper terminal end of the inner housing body
42. A shisampier bosadieitipexeidsiinariaiom thevehepgigimghsdeveisg ¢gd of the outer sleeve

50. Teeth 48 are provided on the inner circumference of the ratchet ring housing 46 on its lower
skirt section. A ratchet ring 44 ts formed on the outer circumference of the inner housing body
42 and profiled on its outer surface with teeth corresponding to the teeth 48 on the ratchet ring
housing 46. The combination of ratchet ring housing 46 and ratchet ring 44 comprise a ratchet
assembly 47 that permits movement of the ratchet ring housing 46 downward or away from the

outer sleeve 50 while preventing upward movement of the ratchet ring housing 46.

An annular traveling sleeve 54 is coaxially affixed within a portion of the outer siceve 50. The
traveling sieeve 34 is profiled on its inner circumference and at its lower end, in the embodiment
illustrated the profiles comprise elongated torque splines 52. The splines 52 extend generally
parallel to the axis Ay of the adjustable casing sub 40. Also coaxially disposed within the outer
sieeve 50 is an annular fixed sleeve 51 having an outer diameter less than the inner diameter of
the traveling sleeve 54. The dimensions of the fixed sieeve 51 and the outer sleeve 50 form an
annulus 49 therebetween. Threads 55 are formed on the outer circumference of the upper end of
the traveling sleeve 34, and corresponding threads 53 are formed on the outer diameter of the

fixed steeve 51.



outer diameter to the inner housing nut outer diameter. The shear pin 60 is disposed below the point
where the lip 63 and the shoulder 65 are coupled. An annular seal pocket 64 is shown radially
disposed between the outer diameter of the inner housing body 42 and the inner circumference of the
outer sleeve 50. The annular seal pocket 64 axia;ﬁ{lyy extends on one end from the outer sleeve 50 to a
radial ledge 43 in the inner housing body 42 radidlly extending outward to the inner radius of the outer
sleeve 50. An optional ring seal 69 is shown disposed in the annular seal pocket 64 adjacent the radial
ledge 43,.As6al 82 isabownRasitiongdaithin:the apnu aseakpasketb4naisidairosssectional view

of an embodiment of the seal 62 is illustrated in FIG. 5. The seal 62 of FIG. 5 comprises a seal body

66, cantilavehmenbern 68 showran aminaekdiamaters andmetalinaysy depigied er aiouter
surface of the seal 62. The body 66 has an elongate height with respect to its thickness, and in the

embodiment 2f:EiB13 tbejelongatenpritionindakaelyparallel so thelaks af theaddiasiabliieasing sub
40. The cantilever members 68 comprise elongate cantilever legs 70 having sealing members 72 on
their freerend wihersealingilaembers-v 3-fagerawaytftam the hady Gflifbe hody b6 beidvcantiever
members 68 may be comprised of materials such as stainless steel, titanium, or any elastically
deformiglate matgrigl sapalle afdvithetarding an. apptiecdistibuted §6rEECwithaist pdirsramently _
deforming. In one example of use, the force is about 40,000 Ibf/in2, and another embodiment the force
is aboutr3e; 000 |bEin2, Enidyetsmothesenbaditieritthe doncerisralzolis 26,00 Oolbfiinfat e metal inlays
74 are comprised of a soft ductile metal plastically deformable upon applied sealing loads. Moreover,
the inlays 74 should compress when the seal 62 placed in sealing engagement. In one optional
embodifhens, Bre itkestal Sifaysore wRIPPHOVIEN AISHCHR B BRA LR SF ST DhErdad i (%ﬂ‘ssing
sealing surface the resultant coefficient of friction is less than that if the metal inlay 74 were made from
a less dURARVSE Kafdel Mt iBESERTHRe SIETimbtal CaftiHARIEI TG 1822 O PRI Silver,
gold, zinc, and alloys thereof. The inlays 74 can comprise all soft metal, ?r be a harder material having
a film, GERAY, B pYatht eBrPRHIEIAY-a Ko ThdE P BBy CQGHIR YO BB ST ARSI 78S the inner
housing body 42 identifies a change i diam?ter of the inner h u?éingﬁbog%{AZ. Plrefera ly, Ilt%l%inner
housing BB ¥ TSI diafERF R TS PANSIERY 67 afilf tHeCeRETSIARE SIE&Ve B8 does not

exceed the seal 62 mnereg[lé\a;metﬁ[{ Thlsdallows clear” nce for the seal 62 when in thetB(e)rtfon of the

annular B8R HBek BN vettvedn tHE HFAHsifion 6 7 4R ifiSe BINEIRETing SAlE SEOYH

energizing sleeve e annufar seal
pocket 64 cross-sectian, or thickness reduges between the transition 67 and radial | 3. As
seen inFIE AT tHE %P%Jéhr?s%aﬁiglpgﬁasneﬁg%ﬁheAa%eﬁ Liar %tlgé eﬁ%réksk’e?qgﬁ ?ﬁ% iéat{ger?gi(%&é%&%%l%ts in an
interference fitwhen moving he seal 67 Retvieen e tansiiop 72nd theaadiahledonddThe

interferéRce fi energizes the sea en it is urged into the portion of the annular seal pocket 64

petween (e tnsifon AN ihEfadiakindaeid? Jubeninaealifa rin Nediiereence agsition the

body 66 15 ra ially stretched. The increased inner housing body 42 diameter past the transition 67

contactgthe sealing.mermbers.f 2in-elestical v deform ipcantleer lpas (Reheralasicsdeformation

produces an opposing sealing force between the sealing members 72 and the inner housing body 42
outer cirglimference to form a seal between these two surfaces. Additionally, the increased inner
housing body 42 diameter also radially urges the inlays 74 against the outer sleeve 50 inner
circumference. This plastically deforms the inlays 74 to form a sealing surface between the metal
inlays 7#trnehthe OntesisleeVarb0wer portion terminates in an inwardly directed lip 63 that extends

away from the outer sleeve 50, An inner housing nut 61 is shown coaxially adjacent within the

jower portion of the energizing sleeve 56. The inner housing nut 61 is a largely annular member

having a shoulder formed on its upper end that extends outward toward the outer sieeve 50 to

form a cooperating surface with the lip 63 on the lower end of the energizing sleeve 56. The

lower terminal end of the inner housing nut is threadingly coupled to the upper terminal end of

the inner housing body 42. A shear pin 60 radially extends inward from the energizing sleeve 56



Radially stretching the seal 62 around the increased diameter of the inner housing body 42 effectively
increases the seal diameter to actively engage the mating seal surface on the seal 62 inner and outer
diameters. Optionally, the side of the seal 62 having the metal inlay 74 and the 10 side having the
cantilever 68 may be reversed such that the metal inlays 74 are in contact with the outer
circumference of the inner housing body 42 and the cantilevers 68 and their respective sealing
members 72 are in contact with the outer sleeve 50 inner circumference. With respect to the

adjustaple casing sub 40, fhe SpalERMaY ReENRIgizRd PIQE QF lippiensinping: RRegxample of

use, the casing sub 40 is secured on its lower end to the casing string 34 and an upper portion of the

casingp%tm. %é;;qu@gg%@ D asectigmhaving. hapgen to be landed within the surface wellhead 32.

After engaging the ratchet ring housing 46 over the ratchet ring 44, the casing string is further
tensioned by an inserted running or torque tool (not shown) within the casing string and in engagement
with the fosewe &nines &k be tochmatatesithetaigpesspliresdh? andtrayelingsteaveibdinner
counter-clockwise engaging the threads 55 on the traveling sleeve 54 with the threads 53 on the outer
sleevelafdskhperngizing sinphsidoaschotnotatawithf the tavelihgvsiéeva bd aBinke s pankeling sleeve
54 is coupled with the inner housing body 42, as previously described, upwardly moving the traveling
sleeve Bdapulisitheiinoecheusihdrbodihd upwslsdte téhsion wikatasing $8rimgihwheardidesived amount
of tension in the string has been reached the running tool rotation may be reversed, thereby
downwiardiy‘meitiating theadragelingstetvehs4nnithindhie olithe hoigsineeso 16 séhginenBrgizetthe seal

- seal 69 is shown disposed in the annular seal pocket 64 adjacent the radial ledge 43. A seal 62 1s
shown positioned within the annular seal pocket 64; a side cross-sectional view of an
embodiment of the seal 62 is illustrated in FIG. 5. The seal 62 of FIG. 5 comprises a seal body
66, cantilever members 68 shown on an inner diameter, and metal inlays 74 depicted on an outer
surface of the seal 62. The body 66 has an elongate height with respect to its thickness, and in
the embodiment of FIG. 3 the elongate portion is largely parallel to the axis of the adjustable

casing sub 40. The cantilever members 68 comprise elongate cantilever legs 70 having sealing

members 72 on their free end. The sealing members 72 face away from the body 66.

The body 66 and cantilever members 68 may be comprised of materials such as stainiess steel,
titanium, or any elastically deformable material capable of withstanding an applied distributed
force without permanently deforming. In one example of use, the force is about 40,000 Ibffin®,
and another embodiment the force is about 30,000 ibf/in’, and yet another embodiment the force
is about 25,000 1bf/in". The metal inlays 74 are comprised of a soft ductile metal plastically
deformable upon appited sealing loads. Moreover, the inlays 74 should compress when the seal
62 placed in sealing engagement. In one optional embodiment, the metal inlays 74 aiso provide
lubricity such that when sliding across an opposing sealing surface the resultant coefficient of

friction is less than that if the metal inlav 74 were made from & less ductile or harder material.



The locking interaction between the ratchet ring 44 and the ratchet ring housing 46 prevents inner
housing body 42 movement relative to the outer sleeve 50 when downwardly motivating the traveling
sleeve 54. Instead, continued downward force will fracture the shear pin 60, thereby allowing
energizing sleeve 56 downward movement with respect to the inner housing nut 61 without rotation.
As previously noted, traveling sleeve 54 upward Movement does not apply a shear force to the shear
pin 60 due to the inner locking connection between the lip 63 and shoulder 65. Continued downward
movergent ofi the LOsKaIzIng SGRNE.RE waesdheaeabfize:l Within 4br annklus f41RgIowm i transition
67, as shown in side view in FIG. 4. Whether or not the step of energizing the seal 62 occurs prior to
tensioning the.casing.strinepriaften tersinring. At SOMaRGRtRaliding AcHen Wilkoceutiketween the
seal 62 and a sealing surface of either the outer sleeve 50 or the inner housing body 42. Accordingly,
the duetileaneblubricatngseffestiaf the metal inlay is operative in either scenario of operation. The
cantilever member is not limited to the embodiment illustrated in the figures, but can include any
elastically deformable configuration In addition to being radially stretched, the seal can be radially
compréssedity affect the BnedgizingneoifigtitationiOnecofithsiagvanitages ehihieet evibengeseribed
herein is the use of metal sealing without the need for any elastorner. FIGS. 6 and 7 provide a side
view oflmmaiternative isxaniplesofaisdal 48r udsiinatyadigsiisie vasing soty iCtiissrdiseifaent the
seal is integral with either an inner or an outer housing. With reference now to FIG. 6, a portion of the
inner hegisieepbiddytinttiidss 87seal dbsemblyi 7o GRS thedsaes sk mmighdifiessh Rridi¥sEtion 78
and inlays 80 disposed on one side of the mid-section 78. The outer housing includes an outer
housinggasisuriiie B2 Witk eararnal rheisrsh B4 5 EHAIHE oD SFIBR BHA" SEalipRFkehrfice 82.
Additionally, the mid-section 78 of the seal assembly 76 is thicker than the housing In FIG. 7, the inner
housin§Bvas4bHEBEER B0 aRdHFtensseanslsarserted Wit ARSHRIBP S8 B 2 e

mid-section 78 has slid past the transition 84 and into a redyced diameter portion. ?s\éing the seal
e

assemBly B HEBWAMC taPETISHIER O FINLSS & caRitss v bt Sehting ot n'tfe seal
assembly 76 and the outer housing seal ug%((:e rg% ATagordinﬁl : ;g this %ani%rgtgglg, ragc_'er}x%:gized
sealing SURANEBLERST éfhtf?ﬁﬁ@?‘W%sﬁ?‘?g RSP 6 P B ég A BSOS rAF it the step of
tenS|0n\|N 9@1\'{\/ gmrg\?ir?gnt g Jsue%ﬂagiebgta\asfég t?ulébtiransition 67 and the radial ledge 43. The interference fit
energizes the seal 62 when it is urged into the pertion of the annular seal pocket 64 between the
transition 67 and the radial ledge 43. When the seal 62 is in the interference position the body 66
is radially stretched. The increased inner housing body 42 diameter past the transition 67
contacts the sealing members 72 to elastically deform the cantilever legs 70. The elastic
deformation produces an opposing sealing force between the sealing members 72 and the inner
housing body 42 outer circumference to form a seal between these two surfaces. Additionally,
the increased inner housing body 42 diameter also radially urges the inlays 74 against the outer

sleeve 50 inner circumference. This plastically deforms the inlays 74 to form a sealing surface

between the metal inlays 74 and the outer sleeve 50.

Radially stretching the seal 62 around the increased diameter of the inner housing body 42
effectively increases the seal diameter to actively engage the mating seal surface on the seal 62

inner and outer diameters. Optionally, the side of the seal 62 having the metal inlay 74 and the



12 it should be pointed out that in the configuration illustrated in FIGs. 6 and 7, the seal is not limited to
being placed on the inner housing, but can be situated on the outer sleeve 50. When made part of the
inner housing body 42 the sealing surface is radially compressed when put into the energizing
situation. Conversely, when the seal is disposed on the outer sleeve it is radially expanded during
sealing. The sliding seal being radially compressé@ or expanded generates stored energy that imparts
an increased contact stress that is sufficient to create a metal-to-metal seal. Accordingly, embodiments

exist wheyein, the metal seel basenhRanin g SLess Qichaiwean ;E00 ReuRds pes sauarednchmnd

30,000 pounds per square inch. Based on particular applications, however,this sealing stress can be

increasgq. Jis-teiReHRdersteod haktheinventionis notdimitedintheexast satails-akegansiuction,

operation, exact materials, or embodiments shown and described, as modifications and equivalents

will be appaeMdp e BRiledhinthecatkidnHieeawings andrspeeificationedbere have been disclosed
illustrative embodiments of the invention and, although specific terms are employed, they are used in a

generic and descriptive sense only and not for the purpose of limitation. Accordingly, the invention is
thereforé/tth beshmited drlydydabiscapmofthedippended daimsy b8 CleAlivi8 Irigk tuboraatgssembly
between a platform and a subsea wellhead, the tubular assembly comprising:

tensioning. In one example of use, the casing sub 40 is secured on its lower end to the casing

string 34 and an upper portion of the casing sub 40 is attached to a section having a hanger to be

landed within the surface wellhead 32, After engaging the ratchet ring housing 46 over the

ratchet ring 44, the casing string is further tensioned by an inserted running or torque tool (not

shown) within the casing string and in engagement with the torque splines 52. The tool rotates

the torque splines 52 and traveling sleeve 54 counter-clockwise engaging the threads 55 on the

traveling slesve 54 with the threads 53 on the outer sieeve 50. Energizing ring 56 does not rotate

with the traveling sleeve 54. Since the traveling sleeve 54 is coupled with the inner housing

bedy 42, as previously described, upwardly moving the traveling sleeve 54 pulls the inner

housing body 42 upward to tension the casing string. When a desired amount of tension in the

string has been reached the runmning tool rotation may be reversed, thereby downwardly

motivating the traveling sleeve 54 within the outer housing 50 to set or energize the seal 62.

The locking interaction between the ratchet ring 44 and the rafchet ring housing 46 prevents
inner housing body 42 movement relative to the outer sleeve 50 when downwardly motivating
the traveling sleeve 54. Instead, continued downward force will fracture the shear pin 60,
thereby aliowing energizing sleeve 56 downward movement with respect to the inner housing
nut 61 without rotation. As previously noted. traveling steeve 54 upward movement does not
apply a shear force to the shear pin 60 due to the inner locking connection between the lip 63 and

shoulder 65. Continued downward movement of the energizing sleeve 56 urges the seal 62



an adjustable casing sub coupled between the subsea wellhead and the platform, the adjustable
casing sub comprising, an outer housing, an inner housing selectively insertable within the outer
housing and having a transition that defines a change in length of an outer radius of the inner housing,
an annulus formed between the inner and outer housings, at least one of the housings have a seal
surface in the annulus; a seal that moves frdrh an initial position to a sealing position in the
annulus adjacent the seal surface, the seal having an outer circumference with a metal face and an

inner syrtagewithcaptilgvarad MAMBbLISRA%G 7, as $h86Al BNEEGIZIAG sYSleMcontaited within the
adjustable casing sub, so that when the seal is urged to the sealing position to where the outer radius

of the ippeipysingrising eased by, the-seaheneigizngosisions thanpetah faseas-uigaddadially
outward into sealing contact with an inner surface of the outer housing by contact of the cantilevered

membeysswith faaoutardiadivgioh thalnoaihaussing e The sabiar assembiy-tielaihihwhetein when
the seal is moved to the portion of the inner housing having the larger radius, ends of the cantilevered

membesstelistaéfeorn therseahare @lasicadyydeformenrdidially tostduaridetonih imcarsateffesealing force
by urging the metal face against the inner surface of the outer housing. 3. The tubular assembly of
claim linwhenainsthe metatfece iaamipisesnarinatériptselected from the list consisting of silver coated
metal, a eutectic alloy, an indium alloy, and combinations thereof. 4. The tubular assembly of claim 1,
wherein the metal face includes axially spaced apart ductile metal inlays that each engage the inner
surfaceTokthen ol Houdhey inmerimiccddahs prhedieanhy pestisninshaheasgasiabret 15N Sub
mechanically attachable between a platform and a subsea wellhead assembly, the casing sub
Comprigmﬁg_elastlcal}y deformable configuration. In addition to being radially stretchéd, the seal can be

radially compressed to affect the energizing configuration. One of the advantages of the device

described herein is the use of metal sealing without the need for any elastomer,

FIGS. 6 and 7 provide a side view of an alternative example of a seal for use in an adjustable
casing sub. In this embodiment the seal is integral with either an inner or an outer housing.
With reference now to FIG. 6, a portion of the inner housing body includes a seal assembly 76
where the seal assembly includes a mid-section 78 and inlays 80 disposed on one side of the
mid-section 78. The outer housing includes an outer housing seal surface 82 with a radial
transition 84 formed along a portion of the sealing surface 82, Additionally, the mid-section 78
of the seal assembly 76 is thicker than the housing. In FIG. 7, the inner housing body 42 has
been coaxially telescopingly inserted within the outer sleeve 50, and the mid-section 78 has slid
past the transition 84 and into a reduced diameter portion. Moving the seal assembly 76 below
the transition 84 produces a compressive and sealing contact between the seal assembly 76 and
the outer housing seai surface 82. Accordingly. in this configuration, an energized sealing
surface between an inner housing and an outer hmising can be formed integral with the step of

tensioning within an adjustable casing sub.



a first housing; a second housing, wherein the housings are telescopingly insetable within one another;
an energizing sleeve provided within one of the housings; profiles formed on the energizing sleeve
inner diameter for rotating the energized sleeve; a change in diameter circumscribing one of the
housings, defining a transition from a clearance portion to a sealing surface on the housing; a radial
annulus between the first and second housing exténding across the transition; and 14

1t should be pointed out that in the configuration iltustrated in F1Gs. 6 and 7, the seal is not
limited to being placed on the inner housing, but can be situated on the outer sleeve 50. When
made part of the inner housing body 42 the sealing surface is radially compressed when put into
the energizing situation. Conversely, when the seal is disposed on the outer sleeve it is radially
expanded during sealing. The sliding seal being radially compressed or expanded gencrates
stored energy that imparts an increased contact stress that is sufficient to create a metal-to-metal
seal. Accordingly, embodiments exist wherein the metal seal has a bearing stress of between
5,000 pounds per square inch and 30,000 pounds per square inch. Based on particular

applications, however, this sealing stress can be increased.

it is to be understood that the invention is not limited to the exact details of construction,
operation, exact materials, or embodiments shown and described, as modifications and
equivaients will be apparent to one skilled in the art. In the drawings and specification, there
have been disclosed illustrative embodiments of the invention and, although specific terms are
employed, they are used in a generic and descriptive sense only and not for the purpose of
limitation. Accordingly, the invention is therefore to be limited oniy by the scope of the

appended claims.



a radial seal disposed in the annulus and axially moveable therein, the seal comprising an annular
body, a cantilevered leg with an end attached to an inner circumference of the body, a metal face on
an outer circumference of the body, the seal energized into sealing engagement with the sealing
surface when urged past the transition from the clearance portion. 6. The adjustable casing sub of
claim 5, wherein the first housing is insertable withih the second hous ng and the transition is provided
on the first housing outer diameter. 7. The adjustable casing sub of claim 6 further comprising
deform%tbi_[ m@al inlays being on the seal body on a side opposite to the seal members, the
deformable metal inlays in compressible sealing engagement with the second housing inner diameter.
8. The adjustable easing sub of claim 6, wherein the first housing is insertable within the second
housingtand thetupahsiisantlp hetigen oriatfrens eed AdUree M iArR N APietE PSSO MPHEARRIEMble casing
sub of claim 8afiudhetsenpigirgdaionsiatiesetat nlsys: oritreceal ediadnra tidedppbsite to the
iﬁ?é rn:j?am §Uﬂ;*l%r${‘p? %ﬁ%‘%ﬂ'&d{gﬂé&éiﬁ%@% an%P?&QE%SéQl&ﬁ%ﬂ'hﬂ%ﬁmﬂﬁmﬁﬂé Wit H}ﬁsﬁﬂ@tdhousmg
ng sub of clai wherein on the
first hoSh§8 RS ERARTSRY ai%deglrsst%ous'g%eg’?slﬁn A %el{ﬁfr? Se{)r?s%%g]ngﬁgjtsj%aégr{rgrﬂg transition

and sedifted betucershe W%%é%hﬂoﬁ%iwn@} |ﬁ"i‘?éP’Eﬁ%@?é]mtﬁ%g§é‘aﬁlfrﬁ‘?8}sé‘6fﬁ?ﬁﬂf§ Ay plastically

deformahbteinsetal inlays on an outer surface of the seal. 11. The adjustable casing sub of claim 10,
wherein the plgstisaliydeiarmablemetal iobays are ianagkessiblesealingsengagemeniwith the
sealing S %&gg qhe seal having an outer circumference with a metal face and an inner surface with cantilevered
members; and
a seal energizing system contained within the adjustable casing sub, so that when the seal is
urged to the sealing position to where the outer radius of the inner housing is increased by the seal
energizing system, the metal face is urged radially outward into sealing contact with an inner surface of

the outer housing by contact of the cantilevered members with the outer radius of the inner housing.

2. The tubular assembly of claim 1 wherein when the seal is moved to the portion of the inner
housing having the larger radius, ends of the cantilevered members distal from the seal are elastically
deformed radially outward to in turn create a sealing force by urging the metal face against the inner

surface of the outer housing.

3. The tubular assembly of claim 1, wherein the metal face comprises a material selected from the

list consisting of silver coated metal, a eutectic alloy, an indium alloy, and combinations thereof.

4, The tubular assembly of claim 1, wherein the metal face includes axially spaced apart ductite
metal inlays that each engage the inner surface of the outer housing when the seal is in the sealing

position.

5. An adjustable casing sub mechanically attachable between a platform and a subsea welthead
assembly, the casing sub comprising:

a first housing;

a second housing, wherein the housings are telescopingly insetable within one another;

an energizing sleeve provided within one of the housings;

profiles formed on the energizing sleeve inner diameter for rotating the energized sleeve;

a change in diameter circumscribing one of the housings, defining a transition from a clearance
portion to a sealing surface on the housing;

a radia!l annulus between the first and second housing extending across the transition; and



12. The adjustable casing sub of claim 5, wherein the seal is integrally formed on the first housing
inner diameter, the second housing is insertable within the first housing, and the transition is on the
second housing inner diameter, the seal further comprising plastically deformable metal inlays on an
outer surface of the seal. 13. The adiustable casing sub of claim 12, wherein the plastically
deformable metal inlays are in compressible sealidy engagement with the sealing surface.

a radial seal disposed in the annulus and axially moveabie therein, the seal comprising an
annular body, a cantilevered leg with an end attached to an inner circumference of the body, a metal face
on an outer circumference of the body, the seal energized inio sealing engagement with the sealing

surface when urged past the transition from the clearance portion.

6. The adjustable casing sub of claim 5, wherein the first housing is insertable within the second

housing and the transition is provided on the first housing outer diameter.

7. The adjustable casing sub of claim 8 further comprising deformable metal inlays being on the seal
body on a side opposite to the seal members, the deformable metal infays in compressible sealing

engagement with the second housing inner diameter.

8. The adjustable easing sub of claim 6, wherein the first housing is insertable within the second

housing and the fransition is provided on the second housing inner diameter.

9. The adjustable casing sub of claim 8, further comprising deformable metal inlays on the seal body
on a side opposite to the seal members, the deformable metal inlays in compressible sealing engagement

with the first housing outer diameter.

10. The adjustable easing sub of claim 5, wherein the seal is integrally formed on the first housing
outer diameter, the first housing is insertable within the second housing, and the transition and sealing
surface are on the second housing inner diameter, the seal further comprising piastically deformable

metal inlays on an outer surface of the seal.

. The adjustable casing sub of claim 10, wherein the plastically deformable metal inlays are in

compressible sealing engagement with the sealing surface.

12. The adjustable casing sub of claim 5, wherein the seal is integrally formed on the first housing
inner diameter, the second housing is insertabie within the first housing, and the transiiion is on the
second housing inner diameter, the seal further comprising plastically deformabie metal inlays on an

outer surface of the seal.

13. The adiustable casing sub of claim 12, wherein the plastically deformable metal inlays are in

compressible sealing engagement with the sealing surface.



