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 extends 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 tp% S Xﬁ #fs S rgﬂﬁ n the subsea and surface
wellhead housings is tension cg){‘%rgge lﬁeg’:l%?g a‘ﬁ%gf% (Eréa 86 hermal expansion from
heated wellbore fluids or vibration from app dt‘ifn{% ddltlonally, 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 %gﬁg ghd used to tension the casing string and adjust its length. The sub
assemblles typlca y comprise a pair of mated housings that in response to an applied force are
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its upper end and when retracted imparta tension for e casing strirng an retrac
shortenipg: &, £AUBL I IRt 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 wellhead
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
assemblies 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
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



SUMMARY OF INVENTION 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 2 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 annulug2formed between the inner and outer housings. At
least one of the housings has a seal surface in the annulus. A seal is provided that moves from an

initial "clegrance” position to a seg]in%stition in thg annul]u(§ gd'acent %he seal surface. TQe seal may
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deformatj h l,as. it moves axially within the annulus. Also included is a seal energizing
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element. The seal on a side opposite the metal face can include a resilient cantilevere

having aseplitgsircgCRdisifiserand that engages the ARl fideot e DAUSIAL I A foves

embodiment, the seal face is in sealing contact with the outer housing inner circumterence. A plurality

of seal efespemisiafia seft Auctie patrhMay baingdyderian ieseahiace . dhe-housing syrfpce may

include a transition circumscribing an axis of the adjustable casing sub, thé transition defining a

change imdiametenphie housinomedarRITRe pArdR Ghilietiapsitiphearieatanreexisiafetveen
the seal and the housing, and the other side of the transition defines the seal surface where the seal is

put into irdesfesinginndSealingengageerdisithivesseadisyiriagan TheHansiion Rayheden the outer
diameter of the inner housing, or on the inner diameter of the outer housing.

seal energizing system.

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



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 sealing
surface compressively engagable with the outer cirffumference of the inner housing. Also disclosed
herein is a well production apparatus comprising a first housing and a second housing coaxially and
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comprises a radia ircumscribihg an axis, the ing an elongate section aligned with
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section, sealing members extending from the end of the cantilevered arms configured for sealing
engagemgnt withiaoe of the housings on a 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 wikkv tizdeslihgeseifdse ta¢gllpibeseiahnapgpabens itoagalingecomiacthvilfithestalingaidface.

housing coaxially and telescopingly engaged with the first housing with an improved seal
between the housings. The seal comprises a radial seal body circumscribing an axis, the body
having an elongate section aligned with the axis, eclastically 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 a
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 couplable 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 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, and
the seal energized into sealing engagement with the sealing surface when urged past the

transition from the clearance portion.



The present disclosure also include an adjustable casing sub, the sub including an upper end
mechanically couplable 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 sldeve, a change in diameter radially circumscribing
one of the housings defining a transition from a clearance portion to a sealing surface on the housing,

a radial %'?ﬁﬁ%%?%ﬁﬁﬁf@ﬁﬁﬁﬂﬁw housing extending across the transition, and a radial

seal disposed in the annulus and axially moveable therein, and the seal energized into sealing
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BRIEF DESCRIPTION OF DRAWINGS Some of the features and benefits of the present invention

having bgensiated, phedssWibHGFOmE aRRaENAS NG IsiRlianmAcasts wWhentakeniYing
conjunction with the accompanying drawings, in which: Fig. | is a side view of an offshore rig with a
casing siingigxtendingde 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. 1 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.

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.



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 he 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 &fter 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 g RtPRROTRIFRTRGSNER fPPHRE-ReQtrary, 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, dhe; ARRERAGAGAIMNL 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 scope 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 in an adjustable casing sub. The metal
seal includes a compressible surface having a ductile metal insert that is also lubricating when
axially sliding along an opposing sealing surface. The seal may also include an elastically
deformable member on the opposing side of the compressible surface that elastically deforms
under a compressive load, and due to its elasticity imparts a sealing force on its respective

sealing surface.

With reference now to FIG. 1, an example of an offshore rig 20 is provided in a side view. The
offshore rig 20 comprises a platform 22 situated above the level of the sea 21 with a derrick
structure 24 attached to the top of the platform 22. Support legs 26 extend from the bottom of
the platform and attach on the sea floor 28. A subsea wellhead 30 is formed over a wellbore 31.
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 line 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,



5 DETAILED DESCRIPTION OF INVENTION 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 anfl complete, and will fully convey the scope of the
invention to those skilled in the art. Like numbers refer to like elements throughout. The device
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compressible surface having a ductile metal insert that i$ also lubricating when axially sliding along an
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opposing side of the compressible surface that elastically deforms under a compressive load, and due

to its elagdicityipacsde sRalIR0JaGaRBVESsSIESHRCtiVR Sealagssuface: WikhikeTaranss navw RsFIG. |,
an example of an offshore rig 20 is provided in a side view. The offshore rig 20 comprises a platform

22 situatgdeabguméng leehof thauseacihwither dgiHick&tractiie ahattpeheetadde top ofthesplatform
22. Support legs 26 extend from the bottom of the platform and attach on the sea floor 28. A subsea

wellheade3peisiteriiatmiehaaneibiredibn At baek opitigg-siting ddeiendsiupwandd dsuthezsubsea
wellhead and is coupled with a surface wellhead 32 that is within the platform 22 of the offshore rig 20.

In line withdthéXasihip sikng34 ikare &0justableheasing ulzidg . 4add atundiadh rontke riieve nfdimeiadjustable
casing sub 36 cart adjust the length of the casing string 34 to a predetermined length and can also
tension tével celSithg steiag 8dgv6 50.  The ratchet ring housing 46, which is also annular, coaxially

circumscribes a portion of the inner housing body 42 below the terminal end 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 is 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 sleeve 50. The
traveling sleeve 54 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 Ax of the adjustable casing sub 40. Also coaxially disposed within the outer
sleeve 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 sleeve 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 54, and corresponding threads 53 are formed on the outer diameter of the

fixed sleeve 51.



A partial cross-sectional view of an example of an adjustable casing sub 40 is shown 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 diameter of the inner housing body 42. These respective dimensions allow
insertion and telescoping coaxial movement of the inner housing body 42 within the outer sleeve 50. A
ratchet ring housing 46 is attached to the lower terminal end of the outer sleeve 50. The ratchet ring
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below the terminal end of the outer sleeve 50. Teeth 48 are provided on the inner circumference of the
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circumference of the inner housing body 42 and profiled on its outer surface with teeth corresponding
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ring 44 comprise a ratchet assembly 47 that permits movement of the ratchet ring housing 46
downwagdricaway binmtkaieuiae sineyer2Rtattik.gpventieg dpwaithmevwmetiioh thewatahst ring
housing 46. An annular traveling sleeve 54 is coaxially affixed within a portion of the outer sleeve 50.
The traviling htesitg b profied ootéis iwet documierentsdintbat s MGer2endo inllikerasbadiment
illustrated the profiles comprise elongated torque splines 52. The splines 52 extend generally parallel
to the axdsefeixof ghweandj it Al enrgirsirthessdai 40sefiBly COakialyndispated vaihimp the Hptestglaeve 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 sleeve 51 and the outer sleeve 50 form an annulus 49 therebetween.
ThreadsHS at@feridedicidthereistsectinsahyiere atanotirhodippar ehd shissembbiindnsieisigsw, and
corresponding threads 53 are formed on the outer diameter of the fixed sleeve 51. 7 The respective
inner and'®Uedrdisndetd e irseite sk BUMPYS 1A the sotseigiaadestriéfnvip HolRskin@nnulus
45 between these two members, The annulus 45 is an annular void with a seal assembly 59 disposed
therein. &Mt s ity Boafisaedhs iekinsslamentaborryinete Witk Hng ePBRFE A& Rner or
outer housings, to seal the coupling. connection between the inner housing body 42 and outer sleeve
0. The BSGENA&FBREIGID oIt RECURENERIinG JReVESETRITGMS fE Sl asS¥mbly 59

int ized li fi tion. FIG. 3 provide. id - onal vi f bodi t
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sleeve 56.via g.locking.element 58. In this emhodiment, the locking element omprises,a split ring
posaic i Sl e e b S K S
The enerqgizi leeve is jllustrated a ring-like. member ending around the lower
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this embodiment, the energizing sleeve 56 outer diameter is substantially the same as the outer sleeve

50 inner digpelgt: [REVEY HARUSIGENS 5@@@%%3% leMs 30 ara Jusliding captaredsf hgRiergizing

sleeve 56 lower portion terminates in an inwardly directed lip 63 that extends away from the outer
sleeve 5@, f:inner housing nut 61 is shown coaxially adjacent within the lower 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 sleeve 50 to form a cooperating surface with
the lip 63rbe therfixitgr elocvef Shdm@nergiztigh leeisahs. ihhanldnwveriéyndinalieh dpheinnatddusing nut
is threadingly coupled to the upper terminal end of the inner housing body 42. A shear pin 60 radially
extends awuartidnothdhatensgkgizin) sldaaviarss housing nut 61 is shown coaxially adjacent within the

lower 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 sleeve 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



8 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 axially extends on one end from the outer sleeve 50 to a
radial ledge 43 in the inner housing body 42 radiall§/ 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, ASaakAZIsShAWRRSSIABRY NithitdbaaRaIar 598 MOSKEHEM) A JHSRISsRRetRDal view

of an embodiment of the seal 62 is illustrated in FIG. 5. The seal 62 of FIG. 5 comprises a seal body
66, cantjigygHEBRIE P Shawi QRNINE' Llarpgielg. 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 sandtievir BRemMheke684comRpoise eldixfjiatdicpniittenlegs e hawngisealingohtmbers 72 on
their free end. The sealing members 72 face away from the body 66. The body 66 and cantilever
memberbod8imdpdie £ompribe thof matenais suehr b thstainde stestecld titihiumpdaaspplglaskicably
deformable material capable of withstanding an applied distributed force without permanently
deformingridhyoerdcadarmplenef sk frive foecenisrathervedt)) 000l nhiingt, ladgk affothehembedimennghe force
is about 30,000 Ibf/in2, and yet another embodiment the force is about 25,000 Ibf/in2. The metal inlays
74 are cbodpricethdpbysoftadaitconierib pradiicaifetesdinm o e poisapptied e altgbias! Kiereover,
the inlays 74 should compress when the seal 62 placed in sealing engagement. In one optional
embodinseaholtie shreval difagsed ndlsoaprolas sl mostst Sdcrdineanh e adialedae ibssancabpdiing
sealing surface the resultant coefficient of friction is less than that if the metal inlay 74 were made from
a less dibAROPREFHEE VSR, PE MRS BrEIPRketaflartidiie STResristiend], ¢iypetf silter, gold,
zinc, and alloys thereof. The inlays 74 can comprise_all soft metal, or be a harder material having a
film, coaﬁﬁa?é‘m%%t%ﬁﬁlré%’d Hlugetedinn FRbférriRReayalP At IA U3 S LHRRENSA 652bPOHeE inner

housing body 42 identifies a change in diameter of the inner housing body 42. Preferably, the inner
ousing Body ASESERaP TS 61 NUBAR HCPER LB S, EHUTHE bIR A PueR BB Bho

dth | 62 i ] ter. This. all I for the seal 62 when in th ti f th
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interference fit energizes the seal 62 when it Is urged into the“portion of the annular seal pockét 64

between the fransiion 87.and the ragjal ledge 43, Q@q:;‘héc%eaq,l] IS0 dhs,inedgrence position the
body 661{% radfl%%]ly stretc%lgﬁ '?’hec}hcre'ase(ﬁi%nerﬁ%using ody 4§;J}§meter gggt t%ie transition 67
contacts the sealing members 72 to elastically deform the cantilever legs 70. The elastic deformation

producegré iIRasiNG Sealingfercadaivess theySralingForeabersmaRadld fhenianerhnusinghody 42
outer circumference to form a seal between these two surfaces. Additionally, the increased inner

housing hiediudy ciametlsaicaikadidymygesinerialaypaiagpinihibmddtessiapiedQinrieited
circumference. This plastically deforms the inlays 74 to form a sealing surface between the metal
inlays 74@ne tthouteesiaavasQeforming. In one example of use, the force is about 40,000 1bf/in?,
and another embodiment the force is about 30,000 lbf/inz, and yet another embodiment the force
is about 25,000 Ibf/in®. The 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 embodiment, the metal inlays 74 also provide

lubricity such that when sliding across an opposing sealing surface the resultant coefficient of

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



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 th& cantilevers 68 and their respective sealing
members 72 are in contact with the outer sleeve 50 inner circumference. With respect to the

adjustahie 35100 U0, AQnLRG 62N MRRENS@IZSH UIOLI0L! aliar IensiIaningndNLliRcypmple of
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use, the casing sub 40 is secured on its lower end to the casing string 34 and an upper portion of the

casing seRe4is a5acheddghihSecUaNBAVINGA RANGES IRRIanded Nitinihe, stracewRiihead 32.

After engaging the ratchet ring housing 46 over the ratchet ring 44, the casing string is further
tensionqﬂ%g&mﬁggﬁg £UBRIRE@I 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 sleeve 54 with the threads 53 on the outer
sleeve Refenergizing: ind Bo doastmattdiatéwvithitkretravdingisie dud 542 Sirot{ibedravalgrgisleeve

54 is coupled with the inner housing body 42, as previously described, upwardly moving the traveling
sleeve Sdigmdisttiod ihnérisobsimgrigoblyds 2t dpWastktabtentienther dasisiggstriny. 4% veten dewictd amount
of tension in the string has been reached the running tool rotation may be reversed, thereby

downwabgiy eaotipiatingngieonafelarg stee vaSgivithialthecodte dheu sivig Soa] sdeosaahdryirmene seal
62.
diameter. This allows clearance for the seal 62 when in the portion of the annular seal pocket 64

between the transition 67 and the energizing sieeve 56. The annular seal pocket 64 cross-section
or thickness reduces between the transition 67 and the radial ledge 43. As seen in FIG. 4, the
dimensional change in the annular seal pocket 64 at the transition 67 results in an interference fit
when moving the seal 62 between the transition 67 and the radial ledge 43. The interference fit
energizes the seal 62 when it is urged into the portion 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



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 mdement 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

movememi Oh NG, £ IR AL JeRYEmR WIRR he FaliPtha WEHLINSANHISHS REaW-the.fEgnsition

67, as shown in side view in FIG. 4. Whether or not the step of energizirig the seal 62 occurs prior to

tensionipg.theGagRensiERAL LR IR HERSIANIRth LLGAME BRINTA Sifingvariies il Reruthriyeen the
seal 62 and a sealing surface of either the outer sleeve 50 or the inner housing body 42. Accordingly,

the ductilg.ang iwbrsaing eiestehila melahiryeissRESEH Y MR SIhenseanrEO 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
compresgadh tegféectithérendngiziblg cosifiguniidt, Orceafltte acvahtages gl tdepdevice desfiabed
herein is the use of metal sealing without the need for any elastomer. FIGS. 6 and 7 provide a side
view of densiteingtive erampladt @Sesd, fireussing antadjustablercdsingtsubwin this entibodisnent the
seal is integral with either an inner or an outer housing. With reference now to FIG. 6, a portion of the
inner hosising Hbendiaclupkes posban afshentakizoswihéddsthdasbed dssawitigniheiides hangdrsedgon 78
and inlays 80 disposed on one side of the mid-section 78. The outer housing includes an outer
housing ¥ededuridue g» wittiassamthaathsiion dprorigagingony sapbrionngr heesseategosarisee 82.
Additionally, the mid-section 78 of the seal assembly 76 is thicker than the housing. In FIG. 7, the inner
housing B&FUBNgAtp Bisrretagi sl tele JBBBRIGRATHEEALY \IRHRSEHE LIt B R BV EBTICRE IOt
mid-section 78 has slid past the transition 84 and into a reduced diameter portion. Moving the seal
assembl§PE BTG ih e SHEROHEE SSH B2 EaRpr At B i REam i cortact B tiRIEAEES seal
assemblskﬁYG and the outer housing seal surface 82. Accordingly, in this configuration, an energized

sealing SIFATEYIIIES &n MASFNBIRMYSENE 2h SHRFROSHY S FNERSB IS HEGSal Wit e step of

tensioning within an adjustable, casing syh. C
tigavelltitr]}g sleeve 54 with the tﬁregds%% on the outer sleeve 50. Energizing ring 56 does not rotate

with the traveling sleeve 54. Since the traveling sleeve 54 is coupled with the inner housing
body 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 running 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 ratchet ring housing 46 prevents
inner housing body 42 movement relative to the outer sieeve 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 movement of the energizing sleeve 56 urges the seal 62



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 compressed br expanded generates stored energy that imparts
an increased contact stress that is sufficient to create a metal-to-metal seal. Accordingly, embodiments

exist whereify e Metal 9 WIS REAINGRYes? ALRENIREN S800ROYNSAE SR IPGh AR

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

increasegl, s tgrhe aipgersiaeddhaing dnwepian s apt dmiethiohn £Xasidefalls clcensimiction,

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

will be agpasrRtiGiIANe Stdlipdiitheal- Jeih e drawings 304 spemiicAlionmhareReve by disclosed

illustrative embodiments of the invention and, although specific terms are employed, they are used in a

generic apedaseriptiy e SaRS8RAINANH NOLIRr4he RUEBRERAY limitation-AraaibRaYintherfavention is
therefore to be limited only by the scope of the appended claims. 13 CLAIMS 1. A tubular assembly

betweenzpiREN L 2) RehfveUR RN eihiRaRd 3QhdhadHbular assembly comprising:
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 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 seal surface 82. Accordingly, in this configuration, an energized sealing
surface between an inner housing and an outer housing can be formed integral with the step of

tensioning within an adjustable casing sub.



an adjustable casing sub (36, 40) coupled between the subsea wellhead (30) and the platform, the
adjustable casing sub (36, 40) comprising, an outer housing (50), an inner housing (42) selectively
insertable within the outer housing (50), an annulus (45) formed between the inner and outer housings
(42, 50), at least one of the housings (42, 50) have a seal surface (64) in the annulus (45); a seal (62)
that moves from an initial position to a sealing positfn in the annulus (45) adjacent the seal surface,
the seal (62) having a metal face (66) that has an interfering diameter with the seal surface (64),

causing gL APImAIAR LG G (A2 mayss Aiaiayn e a0o ()and g

energizing system (56) contained within the adjustable casing sub (36, 40). 2. The tubular assembly

of claim f,\Woet6Bdig ?Fa%leé@?r) HRSAHEPHOGHE RieMaNd (A Q8P M QRRASiEResmetaiiare (66)

that sealingly engages the other of the housings. 3. The tubular assembly of claim 1, wherein the seal

(62) on 3RUeRARNOSIER ThfMRIAIR0SERAINGR SHFRbeDHERDUGHEIAN MGIE!:LER) Ve Asealing

surface (72) on its free end that engages the other of the housings. 4. The tubular assembly of claim

1, wheraiR:the-rogtinkianealfof) ieihreadingwaaiant with thaiuieihaiaipek)sleser girewafsience. 5.
The tubular assembly of claim I. further comprising a plurality of seal elements (80) of a soft ductile
metal oretharnetodilideg @a)ing. The sliding seal being radially compressed or expanded generates

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
equivalents will be apparent to one skilled in the art. In the drawings and specification, there
have been disclosed illustrative embodiments of the invention and, aithough 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 only by the scope of the

appended claims.



6. The tubular assembly of claim I, further comprising a transition (67) on a housing surface of one of
the housings and circumscribing an axis of the adjustable casing sub (35, 40), the transition defining a
change in diameter of said one of the housings, wherein on one side of the transition (67) a clearance
exists between the seal (62) and said one of the housings, and on 14 the other side of the transition
(67), the seal surface defines where the seal (62) i5put into interfering and sealing engagement with
the seal surface. 7. The tubular assembly of claim 6, wherein the transition (67) is on the outer
diamete fA[ énner housing (42). 8. The tubular assembly of claim 7, wherein the seal (62) has an
opposite side In sealing contact with the outer housing (50) inner circumference. 9. The tubular

assembIY of claim 6, wherein the transition (67) is on the inner diameter of the outer housing (50).
. A tubular assembly between a platform (22) and a subsea wellhead (30), the tubular

assembly comprising:

an adjustable casing sub (36, 40) coupled between the subsea wellhead (30) and the platform, the
adjustable casing sub (36, 40) comprising, an outer housing (50}, an inner housing (42)
selectively insertable within the outer housing (50), an annulus (45) formed between the inner
and outer housings (42, 50}, at least one of the housings (42, 50) have a seal surface (64) in the

annulus (45);

a seal (62) that moves from an initial position to a sealing position in the annulus (45) adjacent
the seal surface, the seal (62) having a metal face (66) that has an interfering diameter with the
seal surface (64), causing radial deformation of the seal (62) as it moves axially within the

annulus (45); and
a seal energizing system (56) contained within the adjustable casing sub (36, 40).

2. The tubular assembly of claim [, wherein the seal (62) has a spring like element (72) on a

side opposite the metal face (66) that sealingly engages the other of the housings.

3. The tubular assembly of claim 1, wherein the seal (62} on a side opposite the metal face
(66) has a resilient cantilevered member (68) having a sealing surface (72) on its free end that

engages the other of the housings.

4. The tubular assembly of claim 1, wherein the metal face (66) is in sealing contact with

the outer housing (50) inner circumference.

5. The tubular assembly of claim 1, further comprising a plurality of seal elements (80) of a

soft ductile metal on the metal face (66).

6. The tubular assembly of claim 1, further comprising a transition (67) on a housing
surface of one of the housings and circumscribing an axis of the adjustable casing sub (35, 40),
the transition defining a change in diameter of said one of the housings, wherein on one side of

the transition (67) a clearance exists between the seal (62) and said one of the housings, and on



10. The tubular assembly of claim 9, wherein the seal (62) has an opposite side in sealing contact with
the inner housing (42) outer circumference.

14

the other side of the transition (67), the seal surface defines where the seal (62) is put into

interfering and sealing engagement with the seal surface.

7. The tubular assembly of claim 6, wherein the transition (67) is on the outer diameter of

the inner housing (42).

8. The tubular assembly of claim 7, wherein the seal (62) has an opposite side in sealing

contact with the outer housing (50) inner circumference.

9. The tubular assembly of claim 6, wherein the transition (67) is on the inner diameter of

the outer housing (50).

10.  The tubular assembly of claim 9, wherein the seal (62) has an opposite side in sealing

contact with the inner housing (42) outer circumference.,



