;e3e~@\ d6T@WS-1 SEALI NG SYSTEM AND METHOD Fi el d of the Invention The
present invention relates to a sealing systemwhich uses a radial set
packer elenment for sealing with a well head, tubular, or other tool having
an interior cylindrical surface. Mdre particularly, this invention rel ates
to a packer elenent which is configured to achieve an initial seal between
a wedge ring and the cylindrical surface with an first elastoneric seal
body, so that the subsequent application of fluid pressure results in the

seal el enent noving further l.at J to sealingly engage
a second seal body, which ha§E£&1t"g§:$’}§T§Qﬁ\@ﬁ%ETﬂQ@gt he first seal body,
with the cylindrical surface. In response to fluid pressure, both the
second seal Q ' t nore radi al extending ribs of the packer

el ement may be noved info sealing engagenment with the cylindrical surface,
t hereby formi ng alhepiesghkinkegtiorpredaiss te azgedliog skistgm whieheisas ar mdiababt
Background of the Invention Annul ar seal assenblies) also called packer

el enent s) hapackee elenuse torisealimpvith atwelitnad, tubdige of btigr el hading aadntetiad
outer surface and a cylindrical sealing surface. A positioner, which in

sone appl i ca&ytmaﬁcmss,uﬁa@@nwr@rrs‘aenéuﬂw Fhisfiverttioneeiats ohe paéﬁé‘feéne,%bﬁmnt
into the well, is manipul ated axially either to nove the packer el errent

relative to e r t
fi b h % sWargEddnd
-2 packer el gﬁ@ﬁﬁd&ﬁ IE" y r a C IPY%\eﬁx%ﬁgndlsng t E ﬁaﬁe@%@déo}[‘ﬁg hég‘
el ement fr om ?)ﬁ’ﬁﬂhgél su?'{acéev%ﬁ: %(Ijl fdrsfa g%s?omep %S'setzél%odty? s8th&t¢ R]%ngt?tgse%hgrqte t er
seal i ng posi
application of fluid pressure results in the seal element moving further relative to the
wedge ring to sealingly engage a second seal body, which has a lower elasticity
than the first seal body, with the cylindrical surface. In response to fluid pressure,
both the second seal body and one or more radial extending ribs of the packer

element may be moved info sealing engagement with the cylindrical surface,

thereby forming a reliable high pressure and/or high temperature seal.

Background of the Invention

Annular seal assemblies, also called packer elements, have been used to
seal between a wedge ring having a conical vuter surface and a cylindrical sealing
surface. A positioner, which in some applications is a conveyance tubular for
‘owering the packer element into the well, is manipulated axially either to move the

sacker element relative to the wedge ring, or to move the wedge ring relative to the
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U S. Patent Nos. 4,157,860 and 5, 076, 356 di scl ose radi al set packer

el ements which may be used in various applications) including a subsea
wel | head. U.S. Patent Nos. 5,511,620 and 5, 333,692 di scl ose packer el enents
i ntended for sealing between a |iner hanger and a casing. Qher types of
packer elenments are disclosed in U S. Patent Nos. 5,685,369, 5,375,812,
5,110, 144, 5,067, 734, 4,911,245, 4,823,871, 4,77t,832, and 4,719,971. In a
subsea wel | head application, an annul ar seal assenbly or packer el enent has

thus been usgskePe@fitint thdreBRRIdidlG cREANBRGHRarhidtEl SR Gaket BRRTensHGhace of

t he wel | head housi ng and the  coni Cal or tapered outer surface on the wedge

ring of the ga .itfbgrmgrdia%%%" gﬁ%@&[ weér?@?&tndeﬁ o‘?ég?ﬂé&%PE{eﬁ{?ﬂ';{oﬁitka"i n wth

a tool which also carries an e casi ng hanger w e wel | head

housi ng. The t ool y., he i pul y setti i.ght down on fhe tool to
cause the packer(éggﬁ%ﬂF"€§E?a.réﬁﬁ?&“gfﬁgnébzﬁ§5§§ﬂga8§?J@@ﬁpfﬁép?gﬁﬁred
wedge ring surface of the casing _ hanger and the cylindrical interior
surface on t#lemgalswish maxrhedssediin vairusarnlicalians: intlydigga spsen wellfeatal
procedure the bl owout preventer (BOP) nmay then be closed around the dril

pi pe to incrddsEatentiNDs 6929 anspd.338,69B shaslaskeapkerkalementsrietanded fasugh
choke and kill lines. This fluid pressure increase causes the packer

el ement to fgadiRgbetien altiner Hanget amea cading h Otherdgees ofigicker ¢lbmearRdrag
hanger. After the packer elenent is fully set and | anded on top of the

casing -3 §i3068dd ih | Uig] PARAEWER. BBSH869PE,IBBLI0 £4%0, 14he 5},6157?%4,ty of

t he packer elenent at the intended working pressure of the well head system

Convent i onal 4'9711@5@? z?bﬁg,%'?tl?4,'??’(%3?%5@11@%'?7‘?6‘5Onabl y well in subsea

systens at normal tenperatures t'o about In many applications,

however, In a subsea wellhead application, an annular seal assembly or packer

element has thus been used to seal the annulus between the cylindrical inner
surface of the wellhead housing and the conical or tapered outer surface on the
wedge ring of the casing hanger. The packer element is conventionally run-in with
a tool which also carries and lands the casing hanger within the wellhead housing.
The tool may be manipulated by setting weight down on the tool to cause the
packer element to radially expand and seal between the tapered wedge ring surface
of the casing hanger and the cylindrical interior surface on the wellhead. After the
packer element is set by this manual procedurz, the blowout preventer (BOP) may
then be closed around the drill pipe to increase fluid pressure applied above the
packer element through choke and kill lines. This fluid pressure increase causes
the packer element to further move down the taper of the wedge ring on the casing

hanger. After the packer element is fully set and landed on top of the casing



packer elenents.are intended to seal at el evated tenperatures of 350F or

hi gher, particularly during production operations subsequent to drilling
operations. Conventional packer elenments with el astoneric seal bodies
cannot reliably seal at sustained tenperatures of 350F or higher.

El astomeric material seal bodies have undesirable properties, such as high
t hermal expansion, high conpression, high tenperature degradation, and
degradation in the presence of conventional drilling and/or production

fluids. Also, conventional elastoner|c al . .hodi.es. t relighl al
agai nst i ghnHdRaHLPERS I TRALRE PRGBS (F SHETHNH (Bindske] femint A
ali-nmetal packer elenment is used) the undesirable properties of the

el ast oner ar bedotended working pessuieofitae wellhead,$¥steMr an al | -metal radial set
packer element to achieve an initial seal during the setting operation. It
is difficult and Gupentional packer elamentshikavs perfdroedgeasepbiy wall trosubsiegabl y
bring an all-rnetai radial set packer elenent into sealing engagenent.

Mor eover, hi gystaas atioovmdl tesmpsratays twabdg 250af ] dbhandaeplicatibhsi Hosdever,i | |

pi pe lengths in shallow wells. Due to the di sadvantages of the ali-netal

packer el enepicker bRAIRBSHE iRBRBSF IoSsdHEt SlgRited larbpstatined HBIONE opARhedecade
or nore to reduce the undesirable properties of the elastoneric seal

bodi es. Wi | ﬁ%rﬁcﬁgﬂ\?%ringng%u%h@ﬁt biidnsS &bs t ")y erﬁli"f‘lg BSrations.” 4

hel ped in so applicati , many applications continue to Use packer
elements with el astomeriec seat bodi.es nd take her. measures to try to
i i ze t heCaBYIRRAACkR Pt ool R SBafb it Rkl Raplat,
reduce the undesirable properties of elastoneric material seal bodies in
packer el emefisdainedtemnsiatuers 9fi390¢ kar bighee JJastameric Matarial yealbodiegihave
tenperature and/or high pressure applications.
undesirable properties, such as high thermal expansion, high compression, high
temperature degradation, and degradation in the presence of conventional drilling
and/or production fluids. Also, conventional elastomeric seal bodies do not reliably
seal against high pressure gas commonly produced from many wells.

If an all-metal packer element is used, the undesirable properties of the
elastomer are avoided. However, it is difficult for an all-metal radial set packer
element to achieve an initial seal during the setting operation. It is difficult and
expensive to create the high forces required to reliably bring an all-metal radial set
packer element into sealing engagement. Moraover, high set down forces may not
be available due to limited drill pipe lengths in shallow wells. Due to the
disadvantages of the all-metal packer elements, increased emphasis has been

placed during the past decade or more to reduce the undesirable properties of the

elastomeric seal bodies. While a change in the elastomeric seal body material has



The di sadvantages of the prior art are overcone by the present invention.
An inproved sealing systemis hereinafter disclosed wwth a radial set
packer el ement which uses a positioner to forman initial seal with an
first elastoneric seal body, so that fluid pressure forces may be
subsequently used to nove the packer elenment to its expanded di aneter

seal ing position, wherein a second seal . pody and optionally one or nore
nmetal ribs forma reliable seal with the interior cylindrical surface. -5

Sunmary  of tﬁ@ﬁéd’?ﬁ%&ﬁpﬂ)%aﬁoﬁé{iﬁ@fﬂ SpRliche&s kb6 &slusPphiicileldignts e

seal ing systemof the present i1nvention seals between the generally
interior cylindrj f .. th h .gug ri casi ng
hanger posi t\iv@éa(llacs&}m%% Sgﬁfgb% #’h%naatljﬂd?hgﬁgkl a Sgp%x e&gﬁ%grh%g%@értﬁgl enent
includes a first seal bo axially s rted,on first metal rib (seal
suppor 0y oxtHMRGE BEAPerter ohBrSs SRR eBad S HPRHO FGS hewrdesrtisdy
having an outer diameter for initial engageme.nt with the interior
cylindrical mapedes obelaskmena matasial seal inragkehelgments hss araduced
supported on a second netal rib (seal support), with a second seal body

bei ng f or nedinfitesimuacessy paiticolarip in fdgh émpearbtaré ahd/hakigh gressucwappliehoris. ci ty
than the first seal body. The wedge ring on the casing hanger has a

substanti al | y coninealissviaftagesof #eepdrdrt grer @dréame dlitind pesexpmndntidie
packer element froma reduced diameter initial position to an expanded

di amet er seahy RApRAEH Ldcdlling AyBRH §d ABRIIndTRY &fisfoddeith NE rRASKSS ShGEENt Or
the wedge ring relative to the other of the packer el enent and dge ring,
such that t J 1l S ' i I

it al Ty seapRETAER BEeL A5 Aonetio RrRriRel e Wi an 1 eielfiiet e

engagerment Ol;odty,hgo Ihlart ﬁaidsp?gésu%) gc%cg, ftngytbgesubsequently used to move the packer

l.
ing

elementto its expanded diameter sealing position, wherein a second seal body and
optionally one or more metal ribs form a reliable seal with the interior cylindrical

surface.



peal i ng surface, hydraulic forces and/or nechanical forces created by the
hydraul i ¢ Forces further noves the packer elenent with respect to the wedge
ring to bring the second seal body into sealing engagenent with the
interior cylindrical surface. |If desired, hydraulic forces may al so be used
to bring one or nore netal ribs into pealing engagement with the
cylindrical surface. -6 It is an objegé_of the present invention to
provide a sealing systemw th an inproved radi al set seal el enment which has

an el astorrer;ﬁ' c_seal OE@? &Illﬁh‘l creates an initial seal to assist in noving
the seal ele ed dianeter position, such that a second seal
body with a lower elastjicity then engages the interior cylindrical sealing
surface. Accordi Hgat%"t@*l’i@SH%%%‘GG'H?%%@P@F%’&%MW Pe P ‘?mé’? PragRin

wei ght may be applied by a positioner for noving the seal elenent to form
an initial siegentissgelsivetwrertthe generaligingsrior cylindaeal sudase efithe weltheadnddr i cal
interior surface. In one subsea wel |l head application, the BOP may then be
cl osed ar ountthetvhedgdr fihd op b pmsargdhamges pasiticaed| widhdn ttie ewedihearh oKbe aaxdllici | |
lines to exert a hydraulic force on the initially set packer elenent to

nove the packgendihgpabkertleintbht psiaeg edfidt a8t RIdys@adliynguppostet ichna fildd
anot her application, once the first elastoneric seal body seals with the

cylindrical jaLffib eaﬁéqﬂpéﬁ?extén@nﬁ%@wiﬁa?ﬁa%&§%_sémit¢%!grﬂ?§f5551 by ce

converted by an intensifier'to a substa ~mechani cal rce to push the
packer el eribilah hier OERIS P PAEF b S4o ik MBS b b bRt 1
exer o by rgdnadraibencAsticend sedt Baa R sl repded shct recielanebly
initially engages the cylindrical surface.
(gseal support), with a second seal body being formed from a tin alloy or other
material having a lower elasticity than the first seal body. The wedge ring on the
casing hanger has a substantially conical outer surface configured to radially
expand the packer element from a reduced diameter initial position to an expanded
diameter sealing position. A positioner moves either the packer element or the
wedge ring relative to the other of the packer element and wedge ring, such that the
positioner causes the elastomeric first seal body to initially seal with the interior
cylindrical surface. Due to the sealing engagement of the first seal body with the
sealing surface, hydraulic forces and/or mech=nical forces created by the hydraulic
‘orces further moves the packer element with respect to the wedge ring to bring the
second seal body into sealing engagement with the interior cylindrical surface. If

lesired, hydraulic forces may also be used to bring one or more metal ribs into

sealing engagement with the cylindrical surface.



It is a feature of the invention that the packer el enent may be noved to
its expanded di aneter sealing position by positioning the first elastoneric
seal body bel ow t he second seal body) such that the first seal body
effectively pulls the seal ing el ement downward al ong the taper of the
wedge ring and to the expanded di aneter sealing position. A related feature
of the invention is that the first el astgmwric seal body is not required to
maintain a seal with the cylindrical sealing surface after the second sea

body has been npvags hibbjetat thBhresE GdEHbn b bfovidica exhlintdsyststh witardrace.
It is thus acceptable that the first elastonmeric seal body may becone

d
di sabl ed aft Lo ' ' | - OV ;
di sabl od {1 r STPEIEH Pl B RPEbAchAnich i ER o Bt Bl Iy Bt
second seal body,. A still .further feature of e. invention. is that.the
backer of oAt i) 558 B pEvs RO ot et i SHPoB bR BRI ¢ om
a nmetal base) such that the nmetal ribs support the seal bodies to prevent
extrusion, afHchtE and§eans: $eak body il a lpwenelasscibethen ergagegithe intgdor
cylindrical surface after sealing engagenent of the second seal body.
Anot her si gniclinkinal seelingsusfask. Areoridmada theomethodiaitie presentinventiory, d salr
set-down weight nay be used to initially set the first elastoneric seal
body, ther ebyoamaeiiht gnayite apptied bpd positioabr for tnpvingdhd ses ebasatitaforth an t h
using a high set-down forces, which may not be available due to limted

drill pipe | ¢figlieal Befitdnl e Mel lefastorfibri@RehNBody Al UHE Glinddtal iimgat i on
is that the elastoneric seal body nmay have an initial outer dianmeter which

is l'ess than gﬁ’&cdi.% ‘QBB%LP%/A Jv@ﬁ{eiaﬁacliﬂpﬁéﬁ {oﬂcﬁve %P%Eydtlhg{?%e%?o%ﬁ%r&]n%m?m

t
may engage tR cylindrical surface onty aftér sone r expansi on of the

packer el e”eﬂ%e grﬂlepipt)g ar%‘ b%sstrjrpevaepﬁg& tt?rfouE) %hgt?ecgﬁé kiﬁlliﬁgg E)texert a hydraulic

force on the initially set packer element to move the packer element to its expanded
diameter sealing position. In another application, once the first elastomeric seal
body seals with the cylindrical interior surface, the BOP may be closed and
hydraulic force converted by an intensifier to a substantial mechanical force to push
the packer element to its expanded diameter sealing position.

ltis a further object of the present invention that at least some of the forces
used to move the seal element to its fully expanded diameter sealing position are
exerted by hydraulic pressure created after the elastomeric seal body initially
engages the cylindrical surface.

It is a feature of the invention that the packer element may be moved to its
expanded diameter sealing position by positioning the first elastomeric seal body

below the second seal body, such that the first seal body effectively pulls the



relative to the wedge ring. _g_ It is a particular feature of the present
invention that the packer elenment nay forma reliable high pressure seal
for operating at a tenperature of at |east 350F between an inner
cylindrical surface of a tubular or another tool and a wedge ring radially
inward of the packer elenment. Yet another feature of the invention is that
the packer elenment is configured such thay_high tenperatures do not cause
hi gh pressure buil dup between the radial extending ribs of the packer

el ement. An %%\é@,gjp%?ﬁ,em da\nﬁym@pﬁ%%iaggg{suﬁheme?éﬁ AR 1)l SRR De

used in var Icatrons) 1 ncluding ng between a cyli

internal surface on a subsea.wel |l head a wed i n a S| apger,
or between t EETHELSHE '"%WPWBPi cal 'eiﬂﬁgg@”&‘? oﬁ?@%##\%@goo\&ﬁﬁ@a aﬁrﬁpa
casi ng hanger, or between a casing and a |iner han er,[)h or between a tubing
hanger and a SiRstPmRedEwSeRlRGEY is Mot regidredignaintai dacal yithdhe eylinddpalissaling
connected to the internal cylindrical surface to be seal ed, which may be
part of a tulsutface sfterdheisheend sral bodwbhs hsemmawed inda sealingangagemehlewithedge
ring is configured to radially expand the packer elenent froma reduced

di anet er i ni tthatylipascdlsofacea It ibehisgaegebicthattat érst slatanngiczesi badymaylhe
wedge ring accordingly may be interconnected with another smaller dianeter

tubular, so tdéesmm%alaﬁ%ﬁfermee@ﬂﬁg 8héagbdh bé%ﬁ\piélé.f’ﬂgoﬁdéd?ﬂiat briggked he

outer tubular and the inner tubular. A significant advantage of the present

D0 1 2o KTy TRl St By
A stilt further feature of the invention is that the packer element may be
provided with metal ribs which extend outwardly from a metal base, such that the
metal ribs support the seal bodies to prevent extrusion, and also may form a reliable
metal-to-metal seal with the cylindrical surface after sealing engagement of the
second seal body.

Another significant feature of the invention is that a relatively low set-down
weight may be used to initially set the first elastomeric seal body, thereby avoiding
the cost and reliability problems associated with using a high set-down forces, which
may not be available due to limited drill pipe lengths in shallow wells.

Yet another feature of the invention is that the elastomeric seal body may
have an initial outer diameter which is less than the internal cylindrical surface, so

that the packer element may engage the cylindrical surface only after some radial

expansion of the packer element due to axial movement of the packer element

relative to the wedge ring.



-9 high pressure applications. Al so, the packer elenent need not use exotic
el astoneric materials which have reduced undesirabl e properties, since the
el astonmeric seal body is not relied upon to nmaintain sealing engagenent
once the packer elenent is expanded to its sealing position. The second
seal body may be formed fromvarious materials having a |lower elasticity
than the first seal body, including tin, éi n alloys, netals softer than the
met al base of the packer elenment) relatively hard el astoneric naterials)

and plastic materjals._ These and further object i} ures, and advant ages
of the present. i niiipalcipreable hb Rt et ek A BB T O
description, wherein reference is made to the figures in the accopmpanyi ng
dr awi ngs. formpa gpliagte trigh PressyiesIed) °rt"r9@rmtr?g§"ﬁe@ﬂ°'@‘lfqt fqaﬁgg&hfgs an

annul ar packer, elenent according to the present invention supported on a
posi tioner. bBetygan an innpueilindtiesd sufaceatk dtbudraranpthesiea androvedgetting
engagenent with a cylindrical interior surface of a well head and the wedge
ring of a casadigiynawgef of the pacierlemeéntst rat es t he packer el ement noved into
position such that the first seat body and the second seal body are in

seal i ng engagenentetdridthdrteatir] bRashvehtidi[sahat the bbskdralidfedtiCcatfiglirid
el ement noved to its expanded di aneter sealing position, with both the

sl L e R B R
extending ribs of the packer element.

An advantage of the invention is that the sealing system may be used in
various applications, including sealing between a cylindrical internal surface on a
subsea wellhead and a wedge ring on a casing hanger, or between the internal
cylindrical surface of a surface wellhead and a casing hanger, or between a casing
and a liner hanger, or between a tubing hanger and a wellhead hanger. In each
application, an outer tubular is connected to the internal cylindrical surface to be
sealed, which may be part of a tubular or another tool, such as a wellhead
assembly. The wedge ring is configured to radially expand the packer element from
a reduced diameter initial position to the expanded diameter sealing position. The
wedge ring accordingly may be interconnected with another smalier diameter
tubular, so that the packer element effectively forms a seal between the outer
tubular and the inner tubular.

A significant advantage of the present invention is that the packer element

may be reliably used in high temperature applications of 350°F or more and/or in



Det ai | ed Description of Preferred Enbodi nents Figure 1 depicts a packer

el enrent 10 having a connector body 38 with internal threads 42 for
engagenment with external threads 44 on a positioner 40. in the disclosed
enbodi ment) the positioner 40 noves the packer elenent 10 axially downward
with respect to the stationary wedge ring 60, as shown in Figure 2)

al though alternatively the positioner nmay nove the wedge ring axially with
respect to a stationary packer elenent. Those skilled in the art wll

appreciate that the pagsitioner 40 ave a tubul ar  bod ichis ..

mani pul at ed ragltn ﬂ?@ﬂﬂﬁx?%ﬁ’qcﬁﬁi’%&mggxt h'ée ke efé%ﬂeeﬁo\ﬁ\&ef‘ﬁ?iwt'% t he
wedge ring 60 to obtain an initial seal) as explained subsequently. Those
skilled in t¢lastamerigi mateliahy athich davgafeduged phdesiralie praperfies.: siace fheea
wel | head application may exert an axial force of 10,000 pounds or nore on
t he packer eélastomeric Shal syl nobletied npor ® inaintaicl esalmgremgaperineskort? thad
metal fingers or ribs 14, 16, and 18 each extending radially outward from
t he base 12.pddket dlendenglsrexpinded eslit®siling pbsitib@WEdBsdondiseallfodiuRmPbé S a
first elastonmeric annular seal body 20. A second annul ar seal body 22 as

shown is sar»@%é@%nb%mﬂﬁsnn@fbrWﬁéwﬂg\wm@ﬂbbésﬁasﬁﬂngh e FitsP s&8) @&&,a
| ower upwardly extending rib 16. When Tluid pressure is applied above the

Gt ondi ng. 1 b yaI3er KARMREE thetaRaRyich i 4 honEbRRMY BF sl HatBie  fon

act as Sea suppor
pressure is fromabov apnd a.rib 18 act S,..a _seal body support when
pressure is r]e[aﬁpﬁelgg‘a ‘ﬁﬁlafﬂo@%récamaf%@}'f' Eagﬁ%tuﬁg{?ﬁer q’f‘e sane initial -12
di anet er of seal _body 25 t%‘ut first engages the cylindrical interior
surface 52 (see Iheséan further objects, features, and advantages of the present invention

will become apparent from the following detailed description, wherein reference is

made to the figures in the accompanying drawings.



Figure 2 due to the taper of the cone surf.ace 62. Seal body 22 is shown
with an annul ar groove 24. One or both of the seal bodies may be provided
wi th annul ar grooves to increase the nunber of sealing surfaces, and to
provide void areas for thermal expansion of the respective seal body. In a
preferred enbodi nent as shown in Figure 1, seal body 20 is fornmed from

el astoneric or rubber-like materi al whicl has a high elasticity) while the
seal body 22 is fornmed froma tin or tin alloy which has a | ower
elasticity. Jhe re Flas}'c eal body 20 is softer than the less elastic
seal body 22§ﬁ§ég§ﬁggﬂ¥%%4§3éi@ggﬁ§ 20 is easily compressed to first
sealingly engage the interior cylindrical surface. Preferably the annul ar
groove formed by figeer ] fustratesian agpglaq pagkenslamenhaceprdiag tpdhginressd a
radi al thickness for receiving a |large seal body 20 and 22 to bridge or
fill in any ideérfipnssuppotted onm pasitonegy| i ndri cal surface. Al so, the depth of
the groove forned by the ribs 14, 16 and the base 12 is relatively deep,
and may provi de &igwdiZallusiepddthtpackerserannt mewdd ihtadyitiahénglagesmeat witieast 70
percent, and preferably at |east 75 percent, of the annular gap between the
cylindrical @I’ih&ﬁ@a@irﬁ&%r@ﬁﬁa&@@gﬁwéuggad\/aﬁ@ tﬁ&ﬁe?’@@ﬁ%oﬁé eamnng hbgdr t he

fully expanded position, as explained subsequently. e first seal body 20

imiarly h i als D ,

Spaci ng betneen (8 iiHeAIRE pfondteldfian mdBdRRbEEMoR buc RaBlBtIAY |
ker el i s.ful . Th 12 of th ker el d

e ori ty of s hod S theiEhond 8541383 gt rgledlins pROFhert WS weliedd T ona

netal s, such as steel,,6 having a, yi el -13 strength of 80 ksi, (80, 000
psi). If desiredFig¥e ‘iﬂ‘b‘sgﬁ‘% thé R?ﬁg%ﬁ'emﬁﬂz mavediia it pypapded GiImeter py pe
overlaid with a softer material, which may have a Kield spren%th of about
30 ksi. One snalingpesifpoovith batnthp second sealthedy @nd the metalfisrof tg packesr 18
to

element in sealing engagement with the interidr cylindrical surface of the wellhead.



i ncrease the nunber of netal surfaces which are in netal-to-netal contact
with the cylindrical sealing surface. The material for the second body seal
22, which may be a tin, atin alloy, lead, lead alloy, indium indium

all oy, cast iron, or any other nmetal softer than that of the netal base 12,
pl astic or an el astoner which, as explained above, has a | ower elasticity
than that of the first seal body 20. For gone applications, PEEK may be a
suitable plastic material for the second seal body 22. The material for the
seal body 22 e ANEYRbriod & Bldrdpld ERBblinfpar ed to the metal fingers,
and preferabfy tias—a yreta strengtn tess tnan 20 ksi, and nore preferably

| ess than 10 ksi._Packer , el.ement 10 ag sho ibn Fiqure 1 thu eal s .agai nst
the cylindrical sﬁWEﬁ:g %ef'%? 4 Rac I‘?ﬁﬁ'@ﬁﬂt\l\@% ng?ﬁ cganesdi é‘?cﬁ’e# é{‘ﬂ@‘ve)
may be a surface or supsurface well head, or nay be an outer tubular, such
as a casi ng, emabiireadsf¢fprepgagssment I@éFef%‘I"iWéﬁﬁ's 46082 Rasiigrer 40-Hngure 1
may seal with the wedge ring 60 which, in a subsea well head application, is
a component d&ie disdasechgmhadigmnt, the pasitiomerr40vaars the parkerai¢nant thaxiglycker

el ement may seal between the wedge ring of the liner hanger and the casing.
To achi eve sdaiwnwgrenifhgesmadt toithd stdtienagnivedde sing f6oc astehowin mhEgwedge ring
60 as shown in Figure 2) the packer elenent 10 is provided with a series of
axially - bfheRACABmMAtENURE PBSitidfer M8y male ti2wedde ridd Sxidfy it rd?,géé‘t' di ng
redundant netal -to netal sealing engagenent with the wedge -ring 60. If

desired) oneypg, #?chﬁ\aﬁl géél@?%érﬁ%ﬁt‘?afﬁosesﬁgﬂbbdaiﬁ t%rfjrt’(}?iut recﬁglﬁ tHEtyﬁh%' so be

provided for sealing engagement between t ase packer el enent
and the surf %ggtignzeroz{O }ngs h‘g@/g%etuBh%g body which is manipulated or moved axially to

move the packer element 10 relative to the wedge ring 60 to obtain an initial seal,
as explained subsequently. Those skilled in the art will appreciate that the
positioner 40 in the subsea wellhead application may exert an axial force of 10,000
pounds or more on the packer element.

The packer element 10 includes a metal base 12 and metal fingers orribs 14,
16, and 18 each extending radially outward from the base 12. In the Figure 1
embaodiment, the lowermost rib 14 supports a first elastomeric annular seal body 20.
A second annular seal body 22 as shown is sandwiched between an upper
downwardly extending rib 18 and a iower upwardly extending rib 16. When fluid
pressure is applied above the packer element, the elastomeric seal body 20 is
supported on the upwardly extending rib 16. Both ribs 14 and 16 thus act as seal
body supports when pressure is from above, and a rib 18 acts as a seal body

support when pressure is from below. The seal body 20 may have the same initial



Figure 2 depicts the packer elenment 10 wherein at |east the | owernost
protrusion 26 has engaged the tapered surface 62 on the wedge ring 60 and
has initially expanded the wedge ring so that the elastoneric first sea
body 20 is noved into sealing engagenent with the cylindrical surface 52.
Inits initial run-in, the packer elenent 10, including the seal body 20,
preferably has a dianeter |less than that,pf the internal cylindrical
surface. As previously indicated, the nb{lbn required to nove the packer

el ement relalvetoth be t.ran d i force or
a "set dom"éf‘gﬂe&eé Oéﬁﬁ ég’g%r(?ﬂgﬁrspa ég?%ess e&ilg}dt"ﬁ%l '?@[8?1%3 £r}?g(sﬁ‘étcker
el ement 10 or, the wedge {1 nd, for‘ﬁ%he enmbodi nt di scussed herein,
to the packefigdieehehietodhe pﬁﬁ(\/ § EPhS B e Py ‘?Yg%ésrﬁf‘%%'éh #ng 60.
At the stage shown in Figure 2, none of the ribs 14, 16, or 18 need be in
seal i ng enga@m@ngmﬁwm22h@f@y@fibﬂﬂ? pEthle saal badies BBy herprovided wéibamaukeal
body 22 may still be spaced slightly fromthe cylindrical surface 52. A

pr edet er m negroseds anerehiss the mawberufweatig sifacey, ddtetol mordewsid dréds fod i nto
engagenent (al though likely not sealing engagenent) with the surface 52,

thereby sli gifblnfalRspdhsigntdiansiBsgetivevirial bbag haéq)ré?errear@ln%@meﬂt R a

reliable indication to the operator that the seal body -15 20 is in
seal i ng engageimih suLd i BE i Fi gure
2, fluid pressure tFYgangrll #téega%?y%%wé ovedbe.IF S@W&?S@%@%’ﬁ@%@é@r‘m hus

the soal | ng BrEREA: 2igh ARSIFRLLhIS 4T saﬂﬁyﬁv?%va%‘f’%&ﬁwﬁ?’e i %R ﬁé"’ve
Fiydraul i o1 oVeigt hing oUBCSIBRICied PBaToiS eGSR LRIc 20dh SAEeR ha teseBhar t wo
or nore of the protrusions on the base 12 are in sealing engagement wth
t he wedge rié¢last®eeathnily 22, so that the seal body 20 is easily compressed to first sealingly
engage the interior cylindrical surface. Preferably the annular groove formed by the
ribs 14, 16, and 18 provides an axial length and a radial thickness for receiving a
large seal body 20 and 22 to bridge or fill in any defects in the interior cylindrical
surface. Also, the depth of the groove formed by the ribs 14, 16 and the base 12
is relatively deep, and may provide a radial depth for a second seal body which is
at least 70 percent, and preferably at least 75 percent, of the annular gap between
the cylindrical surface and the wedge ring when the packer element is in the fully
expanded position, as explained subsequently. The first seal body 20 similarly has
a radial thickness of at least 70 percent of the annular spacing between the
cylindrical surface and the conical surface when the packer element is fully set.

The base 12 of the packer element and the majority of each of the fingers 14,

16, 18 may be formed from conventional metals, such as steel, having a yield



the outer dianeter of the second seal body 22 cones into sealing contact
with the interior cylindrical surface 52, as shown in Figure 3. At least in
part due to the hydraulic forces acting on the packer elenment 10, the
packer element thus noves axially relative to the wedge ring 60 until an
exterior surface of the second seal body 22 sealingly engages the
cylindrical surface 52 of the wellhead agsenbly 50. Initially some | eakage
past the second seal body 22 nmay occur, so that pressure continues to act

on the | overgg thBﬁk&E&dé&)@wﬁE AE@%{:@@%@@%@%% Y hBR offdind e wedge

ring and enhance’ seal 1l ng' engage “he second seal body 22 with t'he

interior cylipdrd cal ,surface. .Once the cQ a 22 .1, moved into
seal i ng engag@ré%m%bﬁf)vfeﬂa' s%'ﬁlaégh% m%Fe"taﬂthjé] Jlnﬁgg%xgsas%wélsfﬂeng&wfg
pressure above the seal body 22 may force the packer el ement 10 further
ownvar d 1 of 0PUGDKS: {PRS GoMIgE 9iPRYe LB PRELAINS & B RUGe 4 AR Bon
Body 22 as shown in Figure 3 need not sealingly engage the cylindrical
surface 52. increasethengurgbesiaf matalsugaces whichiqee pupelal- ted eantaet véilittheof t he
support ribs 14 and 16 nay be in physical contact with but not yet in

seal i ng engaggdimdrital\seaiing $tefaer fheematrialioc the $econd dlodysenl 22 whichmmagd i nt o
seal i ng engagenent with the surface 52 of the well head assenbly, another

enbodi ment 1 gé igtten, WPRNalldy Ishdp eRRISall0y, MAANS, ihbiantaiily, Bashird; br Agy wa an
intensifier which, due to differing pIiston areas, produces a substanti al

downward forgeig ’%o?tﬁ?ttﬁ‘ﬂsfhtai g tHe ﬂ‘%tél%ﬁs@r‘ﬁf fiﬁ@ic%cgﬁrelﬁt&ﬂgphhﬂc@l, fgrther
t us ny

down the taper of e wedge ring 60. raulic forces acting on the

e S5 e B LA B oo R EORIES ShTR e
surface 52 aghs Qors, PEER Ry bt aSuithfle Pl fiatdhial KT DS SHa SlBugy £, or ce
The material for the seal body 22 is, however, relatively soft compared to the metal
fingers, and preferably has a yield strength less than 20 ksi, and more preferably
less than 10 ksi.

Packer element 10 as shown in Figure 1 thus seals against the cylindrical
surface 52 of the wellhead 50 which, as explained above, may be a surface or
subsurface wellhead, or may be an outer tubular, such as a casing, or may be
another tool. Packer element 10 as shown in Figure 1 may seal with the wedge ring
60 which, in a subsea wellhead application, is a component of a casing hanger. In
a liner hanger application, the packer element may seal between the wedge ring of
the liner hanger and the casing.

To achieve sealing engagement with the conical surface 62 of the wedge ring

60 as shown in Figure 2, the packer element 10 is provided with a series of axially



whi ch "pushes" the packer el enment downward. A conbination of the pulling
and pushing forces may be used to fully set the packer elenent. The extent
of the force required to nove the packer elenment 10 to its fully expanded
sealing position, as shown in Figure 4, will primarily depend upon the
selected material for the seal body 22, and whether sealing engagenent is
desired between the ends of the ribs andi4he interior cylindrical surface.
The harder the material of body 22, the nore force will be required to

press the pagkiedgiretiesibns 2828 80,32, t3aakanti 135 forperiding sddupddit eallitegl v
engages the interior cylindrical surface. A primary purpose for the ribs

14,10 20, 1 b P Rchlnt SHRCHE Yo g 00 BB 200 el 11 ¢

pressure forc I'mze the signiticant extrusion of
t he seal bod ast the tal ,rib An res to high fluid -17 pressure
forces. A priARPeGr AT o AR ¢'5'Bgr?€ga??®e'i'§g¥ gll 2pe ravided, f roﬁ%%"ﬁ t he
sea! body 22, and to push th eal  bo 22 downward during the initijal
setting oper%gwe&‘ﬁgeweé‘dgﬁ F‘Feﬂgé’%\é‘d?aogﬁ e@‘?ﬂhﬂﬁ#“ﬁ%@é@ﬁ?@ pther om
bel ow the packer elenment. Once hydraulic forces are acting on the seal body
22 to furthewedgseng.he packer el enent downward, it is assumed that fluid
pressure will pass by the upper downwardly inclined rib 18. The conti nued

downwar d novenentFigdret helepintk the phekarrelenbat 10 athdréin atnlebstethpaowermedtement
10 reaching the position as shown in Figure 4) which is its final or

expanded sedybitdsioR 26tHaeendageti hés taprsed b@ifdcd 6o thaWedgdfing b6 afdimak! Y
spaced protrusions 28, 30, 32, 34 and 36 preferably are 1n netal -to-netal
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20 may degr a}ﬁif% géja%né) céntg%ement with the cylindrical surface 52. In its initial run-in, the
packer element 10, including the seal body 20j preferably has a diameter less than
that of the internal cylindrical surface. As previously indicated, the motion required
to move the packer element relative to the wedge ring may be transmitted by a
setting force or a “set down" force applied through the positioner 40 to one of the
packer element 10 or the wedge ring 60 and, for the embodiment discussed herein,
to the packer element 10 relative to an otherwise stationary wedge ring 60. At the
stage shown in Figure 2, none of the ribs 14, 16, or 18 need be in sealing
engagement with the cylindrical surface 52, and the second seal body 22 may still
be spaced slightly from the cylindrical surface 62. A predetermined set down force
may, however, bring the lowermost rib 14 into engagement (although likely not

sealing engagement) with the surface 52, thereby slightly bending the rib 14 toward

the base 12, and providing a reliable indication to the operator that the seal body



previ ously discussed properties of elastoneric materials, but reliable
seal i ng engagenent is naintained due to the seal body 22 and, for the
Figure 4 enbodinent) the netal -to-nmetal sealing engagenent of the tip end
of the ribs 94 and 16 with the cylindrical surface 52. Once in its final
sealing position as shown in Figure 4, the packer elenment 10 may be

mechani cally | ocked to the wedge ring 60i15so that fluid pressure above the
set packer el enent may be rel eased and the packer elenment naintained in its
ful | y expanddisposetlimyneagagdroent with Budacee52. Wiendn the pesition at shbwhliy
expanded sealing position) the first elastoneric seal body 20 nmay degrade
and | ose it srigg@l 2, Mgid presduteftramehiitest fibinhabble, 4.4 By tioking\the BOP £ theyr f ace)
but this is permtted since the second seal body 22 is now in sealing

engageent it ek 1hdbrkbtl OO HAPLIRUI EISRI Hd\as: ARR) AReaRY (e

taper of the wedge“rin may stop re the | owernos tion of the

packer el enent .10 en.i,A its full xpande oSl ti al t hough pr rably
Phe pr ot rusi UG gENE 18, ik sndielortX RAREEH: RRTMAd Ry eh i AERRDR S
tapered surface of the wedge rinq. Pr ot rusions 26 End 28 hgs need not be
support ed byomyd tepacksd gnfda Be PoREonaa gEOVN iy T RHE S+ FYIRMiR &9rees enent
isinits fully expanded sealing position, since the seal body 24 rather

t han the sedhapdys be usedrtelmeve (e packemelement M0 Seathphve ryawpee@iithe t h
the interior cylindrical surface. Those skilled in the art will appreciate
t hat the pagketrusibesemthediase? qreds sealingrengagemantvithethp wedgd eing &0hah| y
reliable high pressure and/or high tenperature seal, which nmay be actuated

wi th a rel atth¥eluter dphsESBRIRE Gaboad béalt@ddl 2R cens Mitb isedlidgcdnbrt Withlthe
positioner, with hydraulic forces created by the seal body 20 then
produci ng t Ngterior cylindrical surface 52, as shown in Figure 3.

Atleast in part due to the hydraulic forces acting on the packer element 10,
the packer element thus moves axially relative to the wedge ring 60 until an exterior
surface of the second seal body 22 seélingly engages the cylindrical surface 52 of
the wellhead assembly 50. Initially some leakage past the second seal body 22
may occur, so that pressure continues to act on the lower seal body 20 to move the
sacker element further down the wedge ring and enhance sealing engagement of
the second seal body 22 with the interior cylindrical surface. Once the second seal
Jody 22 is moved into sealing engagement With the surface 52 of the wellhead
assembly, fluid pressure above the seal body 22 may force the packer element 10

iurther downward relative to the wedge ring 60. The entire outer surface of seal

sody 22 as shown in Figure 3 need not sealingly engage the cylindrical surface 52.



forces required to nove the packer elenent fromthe initial reduced

di aneter position to its expanded sealing position. The packer elenent 10
and the sealing systemof the present invention may thus be used between a
casi ng hanger and a wel | head, or may be used between a |liner hanger and a
casing, or may be used in any other application where the |arger dianeter
tubul ar has a cylindrical inner surface Yhich is intended to be a seal i ng
surface, and an inner_tubular is connected to a wedge ring which has a
substanti al 8ssghewn injtiguie 3 ihe auter swagesaf each ef thaéuamrynbs 14 and g pYd t he
packer elenment to the expanded sealing position upon axial novenent of the
packer el enebe irr pthysidal eontact wigh betdwpd yet ingsealihg engaggenentwgthrithg sutface 52

i nterconnected with an inner tubular, and the set packer elenent reliably

seal s between theoaeH e dadbbbay 22 MEmiohed imo eealingendgagenieht With thddsurface
understood by those skilled in the art that the enbodi nent shown and

described | SS??SﬁHQb\@ilﬁeﬁd‘éjss‘é?ﬁﬂhf"é%oﬂ{eif'%ﬁ\b'gﬁﬁhédt?éﬁebgﬁén &Y pRessifflehdv t he

practice of the I nvention. Accor I ngly, the scope of the invention should

be under Stoo&é&él%@%&gﬁ\ s c ag}r}felhfeq‘glfg @'E(?d‘metnpé;h tgﬁ aSrQé it of

t he invention Seal1ng sys or seal'i ng
with a gener I nter dr| cal urfac of tub tool, the
seal i ng syst%’ﬂdﬁﬁ?ﬁ)?lsgbﬁ%‘“}/ "‘éﬁrpf @ﬁt% gp%ﬂé@&@?*‘%%ﬁ'ﬁﬁ
including a netal base, and a first elastonerlc seal body spaced axially
from a secondemeat 1g(§g§thertdfym thestapee gf the wedge ring 60. Thus hydraulic forces

acting on the lower seal body 20 may effectively “pull” the packer element
downward, while the fluid pressure created by the sealing engagement of body 20
with surface 52 acts on the intensifier to produce a substantial downward force
which “pushes” the packer element downward. A combination of the pulling and
pushing forces may be used to fully set the packer element. The extent of the force
required to move the packer element 10 to its fully expanded sealing position, as
shown in Figure 4, will primarily depend upon the selected material for the seal body
22, and whether sealing engagement is desired between the ends of the ribs and
the interior cylindrical surface. The harder the material of body 22, the more force
will be required to press the packer element downward so that the harder seal body
sealingly engages the interior cylindrical surface.

A primary purpose for the ribs 14,16 and 18 is to support the respective seal
body 20 and 22 during fluid pressure forces, and to minimize the likelihood of

significant extrusion of the seal body past the metal rib in response to high fluid



body having an outer dianmeter for initially sealing wth the cylindrical
surface, the second seal body having an elasticity |ower than the first
seal body, the annul ar packer el enment having a reduced dianeter initial
position and an expanded di aneter sealing position; a wedge ring radially
inward of the packer element and having a substantially conical outer
surface configured to radially expand the -packer el ement to the expanded
seal i ng position upon axial novenent of the packer elenent relative to the
wedge ring; Rieaswedosrsi ArRgimanyPumeseny "@fh@Pdfb this tp sarlre andreMaindhg t he
wedge ring relative to the other of the packer el enent and the wedge ring,
t he positi onsealibodyi2?l, lapddegiushdhe Iseaf bodit 22 ldawnwaet daring tie indidl sefting t he
cylindrical surface. 2. The sealing systemas defined in Claim1) wherein

hydraul i c f ogsgatishi@nti @ sdysporek sbgl mgmwmtpreésuwe fidnfi Bélowahé pheidy Wi th
the cylindrical surface further nove the packer element with respect to the

wedge ring t&eg{ hngtnB@h?&%ﬂﬁ@fo?@é%'arg%éfnhde@i@gl%i%ﬁg sdwmamﬂﬁomtﬁé the

interior cylindrical surface system as defl ne

consi st ng oPHET '%meﬁ*ﬁ?@@?%" ol g9 BleRR o BRET iy i dhefh °2”

nmetal softer than t se of the packer eI enent, cast lron, plastic,
and an el astdHw QG’ ”5%5’5’0& antially |ower el asti city than the first
seal body. The sealing systemas defined in Claim1l, 2 or 3) wherein the
first elastome~c Eesonbadsd dawpyssd meyeaenihtae P3ckgEelemeantiaius eesyiaindbs
body, such that fluid pressure above the packer elenent acts to pull the
packer el engpackdoelemwsent 10 seaching thelposition as shown in Figure 4, which is its final or

expanded sealing position. In this position, two or mare of the axially spaced
protrusions 28, 30, 32, 34 and 36 preferably are in metal-to-metal sealing
engagement with the tapered surface 62 of the cone or wedge ring 60. Once in this
position, the elastomeric material of the first s=al body 20 may degrade due to the
previously discussed properties of elastomeric materials, but reliable sealing
engagement is maintained due to the seal body 22 and, for the Figure 4
embodiment, the metal-to-metal sealing engagement of the tip end of the ribs 14
and 16 with the cylindrical surface 52.

Oncein its final sealing position as shown in Figure 4, the packer element 10
may be mechanically locked to the wedge ring 60, so that fluid pressure above the
set packer element may be released and the packer element maintained in its fully
expanded position as shown in Figure 4. Also, once in its fully expanded sealing

position, the first elastomeric seal body 20 may degrade and lose its sealing



engage the second seal body with the cylindrical interior surface. 5. The
sealing systemas defined in any one of the preceding clains, wherein the
positioner noves the packer elenent axially relative to a generally
stationary wedge ring. 6. The sealing systemas defined in any one of
Clainms 1-4, wherein the positioner anes the wedge ring axially relative to
a generally stationary packer el enent. 718 'The seallng system as defined in

any one of the preceding clains, furthe rising:. the first seal body
axi al |y suppypetan with therintesior Ryingrical gy ? ithig is %fo’&qtch/s'f‘?%measel%f"él
base; and -22 the second seal body axially supported on a second netal

ri b extendi repal hadyP? is favHin seadingnengpgemeset with thelirtedergyindrios)suréaneadn

defined in Caim7. wherein at |east-one of the first rib and the second
ri b seal i ngl gnecapglgation,the dgpemalr theavedgd ang 60 rsay Stapebeidrecthetibveesessdnd
seal body. 9. The seating systemas defined in any one of the preceding

cl ai ns) Wﬂer;%rﬂor‘i R tise pakbr @éheROGY wrﬁensma@@fbuwxabhdfedogbyiﬁ&n AMhodgrer
netal rib and a |ower netal rib. 10. The sealing assenbly as define

daim 9.) wh r@fe?aﬁlg?héjpﬂﬁ us%aéo ?Zb_iihsan(a%mrlﬂlsiéaﬁrgécéfﬁgé%%n}l 19 Gthhﬁel ower

metal rib | upwar he seat1 ng syst
one of the ece n econd dy 1 ncludes Ieast
one groove dRBERHIT %csa?WFyWﬁ‘?%?nﬂgﬁ b TSGR 2t Bpo o e erdoid B2
body toward the net base. 12. The se g%‘%st em as defined in an%/ one of
t he precedi ri}PEPHP Y the tapread sustase %ﬁg‘” rigg When thepackey sleqgptisdn
protrusions on a radl ally inner surface of the nmetal base each for
met al - t o- netitd fulleenanded agalingrmasition: since the seabhndydiratheytheoithe seal body er
surface of the wedge ring. 23. _ 13. The sealing systemas defined in
Claim 12, fWa ikereliedngpanstongnaintain sealing engagement with the interior cylindrical
surface.
Those skilled in the art will appreciate that the packer element of the present
invention thus provides a highly reliable high pressure and/or high temperature seal,
which may be actuated with a relatively low mechanical setting force supplied to the
tool positioner, with hydraulic forces created by the seal body 20 then producing the
forces required to move the packer element from the initial reduced diameter
position to its expanded sealing position. The packer element 10 and the sealing
system of the present invention may thus be used between a casing hanger and a
wellhead, or may be used between a liner hanger and a casing, or may be used in
any other application where the larger diameter tubular has a cylindrical inner

surface which is intended to be a sealing surface, and an inner tubular is connected

to a wedge ring which has a substantial conical outer surface configured to radially



one or nore annul ar el astoneric sealing nenbers for sealing between the
netal base and the conical outer surface of the wedge ring. 14. The sealing
system as defined In any one of the preceding clainms) wherein the toot is a
wel | head assenbly with the interior cylindrical surface. 15. A sealing
systemfor sealing with a generally interior cylindrical surface of a
tubular or a tool) the sealing system comprising: an axially extending
annul ar packer elenment including a netal bash) and a first el astoneric seal
body spaced axpand tefpackeralsrentnd tiieedpanddy seallng gositvh upealaxizoaipvimenng an
outer diameter for initially seating with the cylindrical surface, the

second seal Br)g% Bﬁkgfglrﬁnﬁé?mrel@ﬂ\?e l&i te WEQYP rif .naih%w@@?@ﬁna Iy fu8 qi:' Lgy,

| ead, | ead al indiumalloy, a netal softe han™t he neta

t he base of : .ol R! I l.ast,0
navi ng-an- el SUFrcBAfSEed B lncor {ar, 2B)ng BF paler¥lgmafh FdoY M0
el enment havi a reduce ianeter, initial sition and an expanded di aneter
seal i ng posi ggwe"atﬂﬁé)éf&é%‘?‘ﬂ% ?'90‘}“§|"|"§Pf|“r\\%3% of the packer el enent and
havi ng a substantiaLIg coni cal outer surface confi%ured to radially expand
t he packer el ementt Wilbbe Hadersiosd hydhesskilied indbe @ridhalthserabadimentsonent of

t he packer elenent relative to the wedge ring; and -24 a positioner for
movi ng one ofind ldeseritedeis exeaplany and vatipes atheg enadifipgtionrs eay\be mede lirethst her

of the packer elenent and the wedge ring, the positloner initially sealing
the first el pelotioerdfahs daveritiofdy Wetdrdingdy, atikistdpe afl thelinbetion $hvtld ibest

el astoneri c seal body being positioned axially bel ow the second seal body)
such that fl yhGeRfdatsintiuaBauen ﬁﬁ@iﬁ@éﬁd‘iﬁwiﬂbﬁmutﬂk‘@netéﬁirﬁﬁﬂhbri}gleﬁﬂSﬁgenent
of the second seal body with the cylindrical Interior surface results In a
downward force on the packer elenent to nove the packer elenent dowward to
sealingly engage the second seal body with the cylindrical interior

surface. 16. The sealing systemas defined in Caim15, further conprising:
the first seal body axially supported on a first netal rib extending
radially froma netal base; and the second seat body axially supported on a
second netal rib extending radially fromthe netal base. ~ 7. The seating
system as defined in Caim1l6, wherein at |east one of the first rib and
the second rib sealingly engages the sealing surface after the second seal
body. 18. The sealing systemas defined in any one of Clains 15-17, wherein
the positioner noves the packer elenent axially relative to a generally
stationary wedge ring.



-25 19. The sealing systemas defined in any one of Mains 15-18, wherein
the second seas body is spaced axially between an upper netal rib and a

| ower metal rib. 20. The sealing assenbly as defined in Claim19, wherein
the upper netal rib Is dowmwardly inclined and the lower netal rib is
upwardly inclined. 21. The seating systemas defined in any one of clains
15-20, further conprising: one or nore axially spaced protrusions on a
radtal ly inner surface of the netal basg each for netal-to-netal sealing
engagenent with the conical outer surface of the wedge ring. 22. A nethod

of sealing,w.th oLty lrsally Interior cylindrical surface of a tubular or a
tool, the M—si ng: providing an axially extendi ng annul ar packer
el ement including a pnetal base, and a first elastoneric seal body spaced
axi al |y from a becorfysedlig systeyn for pealingvgth agenerally intereraylindrical sistase
diameter for initially seating with the cylindrical surface, the second

seat body bfatubylaora tast, ithhe sealingveystarhaamprisingi r st seal body, the annul ar
packer el ement having a reduced dianeter initial position and an expanded

di amet er seal i ngh aEgly eABnding-andRlarfaeKerklBgent WEIlEmMgd Rbt4Iddsa] Ad hhwar d
of the packer elenent and having a substantially conical outersurface
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posi tion upon axial novenent”o atrve to the wedge
(L9, 209 G 0808 B SRR S A BT B SR BBl e 0
second seal body having an elasticity lower than the first seal body, the annular
packer element having a reduced diameter initial position and an expanded
diameter sealing position;
awedge ring radially inward of the packer element and having a substantially
conical outer surface configured to radiaily expand the packer element to the
expanded sealing position upon axial movement of the packer element relative to
the wedge ring; and
a positioner for moving one of the packer element and the wedge ring relative
to the other of the packer element and the wedge ring, the positioner initially sealing

the first elastomeric seal body with the cylindrical surface.

2. The sealing system as defined in Claim 1, wherein hydraulic forces
due to the sealing engagement of the first seal body with the cylindrical surface
further move the packer element with respect to the wedge ring to bring the second

seal body into sealing engagement with the interior cylindrical surface.



initially sealing the first elastoneric seat body wth the cylindrical
surface; and thereafter sealing the second sea! body with the cylindrical
surface. 23. The nethod as defined in Caim22, further conprising:
supporting the fast seal body on a first netal rib extending radially from
a netal base; and supporting the second seal body on a second netal rib
extending radially fromthe netal base. 24. A nethod as defined in C aim
23) wherein at |least one of the first rib and the second rib sealingly
engages the sealing surface after theisecond seal body. (z~_ 25. The

met hod as defined in any one of Clains 22-24, further conprising: utilizing
hydraul ic forces due to the sealing engagenent of the first seal body with
the cylindrical surface to nove the packer elenent with respect to the

wedge ring toq,nov w ms%ad t eal | with the
interior cyl i'?u‘dri g‘gfquar a g‘g 26. e‘?ﬁtgem}r{rg%gc?%é? @g#rﬁﬁé?%ggﬁg%ne of
Clains 22-25 urther conprising: form t he.seco seal, bod rom one of
a group gBﬁ%ﬂ%{qu&H(ﬁomiW ‘?fisih ggqqq)wnql%@g)or}ﬁghgmaq%gyfeaidnqu%?ﬁqw‘di um
alloy, a netal softer than the netal of the base of the packer elenent,
cast | r oindigndedium allgyda metalisafedthsn theamptalbasesofibe packes elamenveast
elasticity than the first seal body. 27.The nethod as defined in any one of
d ai ns 2feRbpladtic; Ahdmncelagtomer hgving @ssuhistamtially lower elastititycthaatthenfirstc seal
body axially bel ow the second seat body) such that fluid pressure above the
packer ekggmjdidyacts downward on the first seal

4, The sealing system as defined in Claim 1, 2 or 3, wherein the first elastomeric

seal body is positioned axially below the second seal body, such that fiuid pressure
above the packer element acts to pull the packer element downward to sealingly

engage the second seal body with the cylindrical interior surface.

5. The sealing system as defined in any one of the preceding claims, wherein the
positioner maves the packer element axially relative to a generally stationary wedge ring.

6. The sealing system as defined in any one of Claims 1-4, wherein the positioner

moves the wedge ring axially relative to a generally stationary packer element.

7. The sealing system as defined in any one of the preceding claims, further
comprising:

the first seal body axially supported on a first metal rib extending radially from a metal
base; and



body to sealingly engage the second seal body with the cylindrical interior
surface. 28. The nethod as defined in any one of Cains 22-27, wherein the
packer elenment is noved axially relative to a generally stationary wedge
ring. . 29 29.The nethod as defined in any one of O ains 22-27, wherein
the wedge ring is noved axially relative to a generally stationary packer
element. 30. A nethod as defined in any one of Clainms 22-29, further
conprising: axially spacing the second seal body between an upper netal rib
and a lower netal rib. 31. The nethod.gs. defined in Caim30, wherein the
upper netal rib is dowwardly Inclined and the tower netal rib is upwardly

inclined. 32. he sEBbAPBeabbetRf st suppdted Bita Hecbhd nidtalAb dkterddind er

conprising: providing one or rnore axially spaced protrusions on a radially

i nner surf e each for netal -to-nmetal sealing engagenent
with the c%ﬁfaé'g{fmﬁﬁ‘@%é?r'#’g%% of the wedge ring. 33. The nethod as defi ned

i n any one of Clains 22-32, wherein the tool is a well head assenbly with

the interior cylindrical surface. .Ay.Afs .Af.ASs%.AyE .A° . A . AY

CAFS. Ay$. Ayl L AFE
8. The sealing system as defined in Claim 7. wherein at least one of the

first rib and the second rib sealingly engages the cylindrical interior surface after the

second seal body.

9. The sealing system as defined In any one of the preceding claims, wherein the
second seal body is spaced axially between an upper metal rib and a lower metal rib.

10. The sealing assembly as definéd in Claim 9, wherein the upper metal

rib is downwardly Inclined, and the lower metal rib Is upwardly inclined.

11.  The sealing system as defined in any one of the preceding claims, wherein the
second seal body includes at least one groove extending radially from an outer diameter
of the second seal body toward the metat base.

12.The sealing system as defined in any one of the preceding claims, further comprising:
one or more axially spaced protrusions on a radially inner surface of the
metal base each for metal-to-metal sealing engagement with the substantially

conical outer surface of the wedge ring.
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awedge ring radially inward of the packer element and having a substantially

conical outer surface configured to radlally expand the packer element to the
expanded sealing position upon axial movement of the packer element relative to

the wedge ring; and
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20. Thesealing assembly as defined in Claim 19, wherein the upper metal

tib is downwardly inclined and the lower metal rib is upwardly inclined.

21. The sealing system as defined in any one of Claims 15-20, further comprising:
one or more axially spaced protrusions on a radially inner surface of the
metal base each for metal-to-metal sealing engagement with the conical outer

surface of the wedge ring.

22. A method of sealing with a generally Interior cylindrical surface of a
tubular or a tool, the method comprising:

providing an axially extending annular packer element including a metal

base, and a first elastomeric seal body spaced axially from a second seal body, the

“first seal body having an outer diameter for initially sealing with the cylindrical

surface, the second seal body having an elastlcit‘y lower than the first seal body, the

annular packer element having a reduced diameter iniial position and an expanded

diameter sealing position;
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providing a wedge ring radially inward of the packer element and having a
substantially conical outer surface configured to radially expand the packer element
to the expanded sealing position upon axial movement of the packer element
relative to the wedge ring; and
moving one of the packer element and the wedge ring relative to the other

of the packer element and the wedge ring;
initially sealing the first elastomeric seal body with the cylindrical surface; and

thereafter sealing the second seal body with the cylindrical surface.

23. The method as defined In Clalm 22, further comprising:
suppotting the first seal body on a first metal rib extending radially from a

metal base; and

supporting the second seal body on a second metal rib extending radially

from the metal base.

24. A method as defined in Clalm 23, whereln at least one of the first rib
and the second rib sealingly engages the sealing surface after the second seal

body.
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25. The method as defined in any one of Claims 22-24, further comprising:
utilizing hydraulic forces due to the sealing engagement of the first seal body
with the cylindrical surface to move the packer element with respect to the wedge
ring to move the second seal body-Into sealing engagement with the interior

cylindrical surface.

26. The method as defined in any one of Claims 22-25, further comprising:
forming the second seal body from dhe of a group consisting of tin, tin alloy,
lead, lead alloy, indlum, indium alloy, a metal softer than the metal of the base of
fhé packer element, cast lron, plastic, and an viastomer having a substantially lower

elasticity than the first seal body.

27 The method as defined in any one of Claims 22-26, further comprising:
pasttioning the first elastomeric seal body axially below the second seal body,
such that fluld pressure above the packer element acts downward on the first seal

body to sealingly engage the second seal body with the cylindrical interior surface.

28. The method as defined in any one of Claims 22-27, wherein the packer element is

moved axially relative to'a generally stationary wedge ring.
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Par agr ap8.The method as defined in any one of Claims 22-27, wherein the wedge ring is moved
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axially spacing the second seal body between an upper metal rib and a lower

metal rib.

" 31. The method as defined in Claim 30, whereln the upper metal rib is

downwardly inclined and the lower metal rib is upwardly inclined.

32. The method as defined in any one of Claims 22-31, further comprising:
providing one or more axially spaced protrusions on a radially inner surface
ofthe metal base each for metal-to-metal sealing engagementwith the conlcal oufer

surface of the wedge ring.

33. The method as defined in any one of Claims 22-32, wherein the tool is a wellhead

assembly with the interior cylindrical surface.



