21 April 2006 -1 SEALI NG SYSTEM AND METHOD Fi el d of the | ngfg&lga O'Igw
present invention relates to a sealing systemwhich uses a L0+
packer element for sealing with a well head, tubular, or other tool having
an interior cylindrical surface. Mdre particularly, this invention relates
to a packer elenent which is configured to achieve an initial seal between
a wedge ring and the cylindrical surfacg. with an first elastoneric seal
body, so that the subsequent application of fluid pressure results in the

seal el ement noving further glialiV§YSTEMRNDRBFAOD N9 to sealingly engage
a second seal body, which has a |ower elasticity than the first seal body,

with the Cy'#né?@%fﬁ%"n%ﬂtfo ce. In response to fluid pressure, both the

second seal nore radi al extending ribs of t he packer

el ement may be ngl\]/ed |nt Lin g&gemsn with the cylindrical surface,
t hereby forning af &G0 @Vﬁ%%l & P%ﬁyﬂ?’ﬁ‘ﬁ”tﬂ‘é gpapUPdiab el .
Background of the Invention Annular seal assenblies, also called packer

el ement's, hagekaselamendder seglingwith apeeliheed. f#bubﬂ@éoﬁ"lehg)dhhww@aauﬁemrcal |
outer surface and a cylindrical sealing surface. A positioner, which in

sone appl i ceylingrisali girface.oriMay paciicularhy this ifivention osleteisrtg & b@cm@r@ﬁefﬂl enent
into the well, is manipulated axially either to nove the cracker el enent

rAg|r :alt i \2/80% owhich iweclgliguictgto achibws mvmqtm%ewdmeémgwe%bat fikf ah@ thbe 21
cylindrical surface with an first elastomeric seal body, so that the subsequent
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 rédiaf extending ribs of the packer

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

thereby forming a reliable high pressure andfor high temperature seal.

Backaround of the Invenlion

Annular seal assemblies, also called packer elements, have been used to

. seal between a wedge ring haQing a conical outer surface and a cylindrical sealing -
'surface. A positioner; which in some applications is a conveyance tubular for
iowering the packer element into the well, is manipulated axially either to move the

dacker element relative to the wedge ring, or to move the wedge ring relative to the




-2- packer elenent, thereby radially expanding the dianeteng LEZ
packerel enment from an initial reduced dianmeter position t éﬁ”’ %%%ded

di aneter sealing position. U S. Patent Nos. 4,757,860 and 5, 076, 356

di scl ose radi al set packer elenments which nay be used in various
applications, including a subsea wellhead. .U S. Patent Nos. 5,511,620 and
5,333,692 di scl ose packer elenments intepded for sealing between a |iner
hanger and a casing. O her types of packer elenents are disclosed in U S.

Pat ent NOS. s aPslediat, tl%r@gﬁﬂa&iaﬂg eRpdridind thé didmél6riof tiizhackés Qdhediom
4,823,871, 4,771,832, and 4,719,971. In a subsea well| head application, an

annul ar Se?év\%g}ﬁtﬁ?ﬁgeyug;gﬁhiagﬁ(?%g‘iosiﬁér?Me A dbhufannﬁ&rsémlﬁg ngitiéﬁ.a| t he

annul us be in I nner surface of the wel ad housi ng and

a
t he coni cal or taper outer. aon .t [l .t ing
hanger. The pacl@g' gagﬁ'é%“%ﬁsit;@m F'Bﬂa?'m&\lggﬁ%ﬁsndém%?ﬁao&%{ ?%oﬁ%?ch al so
carries and |l ands the casing hanger within the well head hgusi ng The t ool
may be mani Pamanisavigh sEiheigeddt wioutaRRleHonRdnUYNg suBsRR Welhrad
packerelenment to radially expand and seal between the tapered wedge ring
surface ofUth@abadiNug. haidd20and 5,833,692 disdlose apckasetamets dendasdoon t he
wel | head. After the packer elenent is set by this nmanual procedure, the

bl owout pr esezilihg befB@R)a lirey hahbemariiba chsisg.d Oftien type:s ofi packer lelerperge ate
increase fluid pressure applied above the packer elenent through choke and

Furt her move dom The Taner ot Che Aeage T g on the: Caer nG “hanger. AT ter
the ‘packer phefBRd 4 824 Br1 Ya, PP 888 A FRslop top of the casing |

Ir; a subsea wellhead application, an annular seal assembly or packer

element has thus been used fo seal the annulus between the cylindrical inner

surface of the wellhead housing and the conical or tapered outer surface on the

wedge ririg 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 manipufated 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 rﬁanual procedurz, the blowout preventer (BOP) may

then be closed around the dall pipe to incrlease- fluid pressure applied above the

packer element through choke and kill fines. This fluid pressure increase causes

the packer element to furtther 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




21 April 2006 -3- hanger, fI uid pressure may be applied to Lg@t &@ﬁ
integrity of the packer elenent at the intended working pr% 19 t he
wel | head system Conventional packer el enents have perfornmed reasonably
wel |l in subsea systens at normal tenperatures to about 250F. In many
applications, however, packer elenents are intended to seal at elevated
tenperatures of 350F or higher, particuarly during production operations
subsequent to drilling operations. Conventional packer elenents with

el astoneric | es of
350F or hi gh%(r?'ag ngt o?rseériﬁgp'ﬁ%t%ere% a@g éé%fe%glhgai Etegﬁy/%ﬁhgﬁ%em raﬁf":}{?ﬁ}‘hr
properties, ,such as hi t her mal ansi on, conpressi on, high

t enper at uretg%wqﬁfz}fji%ﬁ'ﬂmgrﬁfeﬁsé’&? Qég'te i ﬁd gte[ﬂesence of conventi onal
drilling and/or production fluids. Al so, conventional elastoneric seal

bodi es do not refPAYERticsahpackeaelesments Qﬁ%f’éﬁ%ﬂr‘@ tresoaabhiyellyn sHbddced
frommany wells. If an all-nmetal packer elenent is used, the undesirable
properties ecistehs at ebapaidempesatercaoiatiodt Zﬂﬂfﬁedemaﬂytamlﬁcaﬁmﬁj lawdvef,or an
all -netal radial set packer elenent to achieve an initial seal during the

setting opempatkdrelendnts srdlintdrided td seddt cloxpieAIbmpeiures 66850 Fhw hiyheh forces
required to reliably bring an all-nmetal radial set packer elenent into

seal i ng _GHQ?QRIEEBH Wﬁg)»t%dudmbahoﬁ&fat@%Jb%a@émW dmtng *ase.%\‘ahé abl e
due to limted dr| pi pe lengths in shallow wells.

di sadvant ag%n?%ntiongg;?ﬂégepgl%ﬁlenps%#ﬁ?&a 8%?&2 ts%al !%(Eé“i ﬁ%n%t feﬁ%@%s?loggft Ib 25”

pl aced duri ng e or noreé uce

of the
sustained temperatures of 350°F or higher. Elastomeric material seal bodies have

undesirable properties, such as high thermal expansion, high compression, high
temperature degradation, and degradation in the presence of canventional drilling
andfor 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
el_ernent to achieve an initial seal during the setting operation. It is difficult and
expensive to create the high forces required to reliably bring an ali-metal radial set
packer element into sealing er;gagement. Moreover, high set down forces may not
be available due to limited drill pipe lengths in shaliow wells. Due to the
disadvantages of the all-metal packer elements, increased emphasis has been
placed duriﬁg the past decade or more to reduce the undesirable propetties of the

elastomeric seal bodies. While a change in the elastomeric seal body materialhas




el astoneric seal bodies. Wile a change in the elastoneric al.. body
material has 21 April 2006 -4- hel ped in sone applications,ng'RFﬂ/B‘Sb6
applications continue to use packer elenents wth elastoneric seal bodies,
and take other neasures to try to mnimze the detrinental properties of

t hose seal bodies. The effort to reduce the undesirable properties of

el astoneric material seal bodies in packer elenments has produced Ilimted
success, particularly in high tenperature and/ or high pressure

appl i cat i ongelpében sbhraadipphicaties, @lﬁm? ABpIRatiehs abitindbao @6 PEEKER dRmbRE
present invention. An inproved sealing systemis hereinafter disclosed

with a radi ghnSahstBRele seaf b8aRE! alh izl BERS r@e bd k@ rtotrﬁnf:ﬂ B fl
an oay, ut

initial seal wt Irst elastonmeric sea so that - pressure

forces may Re, sub uent J. d to nove.th acker. elepment tq its expanded
i aneter SedrrT B arsics dh Bt e oliebn B fudEie s os ey one
or nore netal ribs forma reliable seal with the interior cylindrical
surface. 21PRperies Mheistemeinmatsriaseahodies BRadar aledant hes pwdiced st
aspect of the present invention, there is provided a sealing systemfor
seal i ng wi t kimitedguseesd. partioglaslyiiphigh jempriatuse rndior higb@redsuee appiightionsor  a
tool, the sealing systemconprising: an axially extending annul ar packer

el enent i ncl udiTig disadMaatadeasd thepdoraar aresdvestaad byhié preseal inbadionspaced
axially froma

An improved sealing system is hereinafter disclosed with a radial set packer
element which uses a positioner to form an initial seal with an first elastomeric seal
body, so that fluid pressure forces may be subsequently used to move the packer
elementtoits expanded diameter sealing position, wherein a second seal body and
optionally one or more metal ribs form a refiable seal with the interior cylindrical

surface.




second seal body, the first seal body having an outer diang&er ﬁgé
initially sealing with the cylindrical surface, the secon %ﬁy
having an el asticity lower than the first seal body, the annul ar packer
el ement having a reduced dianeter initial position and an expanded

di aneter sealing position; a wedge ring radially inward of the packer

el enent and having a substantially conical outer surface configured to
radi al |y expand the packer el enent to $he expanded seal ing position upon
axial novenent of the packer elenent relative to the wedge ring; and a

positione% for %EI n% one of the packer elenment and the wedge ring
relative . uon o packer el enent and the wedge ring, the
positioner initially sealing the first elastonmeric seal body with the
cylindrical suhgading Aecadfigsingsnest £f dbe rgserfpiarention, therepiseB®Nidetngent i on,
there is provided a sealing systemfor sealing with a generally interior
cyl i ndri csdalingststem fof sealingbwitrea generatly irdefior dyliedrioah bunfaresgfsa tipuEowpr i si ng:
an axially extendi ng annul ar packer elenent including a netal base, and a

first el agiqaMBhbGeaMA) syt coRasRthg ahabdallydx@iidhg Seatachamal elepfint t he
first seal body having.an outer dianmeter for initially sealing wth the

Lindri f .
“Consi st ngPit; & ot Wb SRNE (RGP SSE B ek TERR A B0,
met al ft th 1 il. 2006 -6 the netal of th f.t K

ol ement . 262009 P850, 1a¢ st SSAba BRYSR aRer tor OmARfhr SOt S0 | over
than the first seal body, the annular packer elenment having a reduced

di anet er with theatylipdriial swfacen thessecorg seablpdy havingan siestigityjower than the

first seal body, the annular packer element having a reduced diameter initial
position and an expanded diameter sealing position; a wedge ring radially inward of
the packer element and having a substantially conical outer surface configured to
radially expand the packer element fo 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.

According to a second aspect of the present invention, there is provided a
sealing system for sealing with a generally interior cylindrical surface of a tubular or
a tool, the sealing system comprising: 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 formed from one of a group

_ cohsisting of tin, tin alloy, lead, lead alloy, indium, indium alloy, a metal softer than




position; a wedge ring radially inward of the packer eleneni agg 8 ving a
substantially conical outer surface configured to radially2 ﬁ@ d e
packer element to the expanded sealing position upon axial novenent of the
packer elenment relative to the wedge ring, such that the second seal body
sealingly engages the cylindrical surface; and a positioner for noving one
of the packer elenent and the wedge ring relative to the other of the
packer el ement and the wedge ring, the®-positioner initially sealing the
first elastonmeric seal body with the cylindrical surface, the first

el astonerjic se dy, bei n osi tioned axially bel ow.the second seal body,
such thacpiTEE pf BELBAE DuBoRree BimER Boarlioatt A, gnd B PREOERT agement
of the second seal body with the cylindrical interior surface results in a
downwar d 3w @noplasticity pawee than dhe dirst: seakdindy: tee saBKEF Rackewk flemShnwar d
to sealingly engage the second seal body with the cylindrical interior
surface. HWedray i nefducedadiameter adtiad cpositfont hed pare sspanded aetiameter sdading i s
provided a nethod of sealing with generally interior cylindrical surface

of a tububs¥itiof @ weRle ringe radBWh AflvareTBf ithé NEECKRF CibeAD aad axliay | &
ext endi ng annul ar er element’ including a netal base, and a first

pac
el ast O”erélﬁ)s%%ﬂgp(%’ﬁfc@ %feﬁ%u?ﬁébé"cbr]}{fi Jré’di‘kt?‘ra g%’gggﬁ&iﬂe M\éhe{eﬂ‘gerﬁi rst

seal body havi ng "an outer dianeter Initia Ing Wt
Che 1P WEaPUpd THRUNG-MRAN (RER dial Bruttonof 1iF PoFLHyEEaat amor o
initial _21 April 2006 -7 position and an expanded dianeter seali ng{he
posi t i on;rejativeitelithey wedaedy, sualy thaldhalsegond seal body sealingly engages
. cylindrical surface; 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,
the first elastomeric seal body being positioned axially below the second seal body,
such that fluid pressure above the packer element due to sealing engagement of
the second seal body with the cylindrical interior surface results in a downward
force on the packer element to move the packer element downward to sealingly
engage the second seal body with the cylindrical interior surface.
According to a third aspect of the present invention, there is provided a
-method of sealing with 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 elasticity lower than the

fir_si seal body, the annular packer element having a reduced diameter initial




I nward of the packer el enent and having a substanti al | y co%%t%l. 9 r
~surface configured to radially expand the packer el enent ﬁ‘é @pganded

seal ing position wupon axial novenment of the packer elenment relative to the
wedge ring, such that the second seal body sealingly engages the
cylindrical surface; and noving one of the packer elenent and the wedge
ring relative to the other of the packer elenent and the wedge ring;
initially sealing the first el astomerié-seal body with the cylindrical
surface; and thereafter sealing the second seal body with the cylindrical

surface. In.a suitable subs we| | head appl..cation, the sealing system of
The embobaiti hd AN exeSiRCdateior e RCLUST rlinh avedil SRRl
interior cylindrical surface of the wellhead and the wedge ring of a

casi ng haiyard phshei rarkar iement amd hayjag) ﬁe%td’.StarWé||!é>@PalCﬁ80EE@Fe‘Mﬁaﬁe packer
el ement includes a first seal body axially supported on a first netal rib
(seal supemfiguresixivenadially expdndtieypaclemetemerntdd thasgpandeidt $ealihg positish seal
body having an outer diameter for initial engagenment with the interior

cylindri cgporHxibBERvEMmehh6f MR patkef eldm&SRGBRHVS 28 ithd Ad¥ge FinaXisath Yhat
supported on a second netal rib (seal support), with a second seal body

bei ng fOrﬁg%efcmﬂns?alb%dé&?é##i@é{[y%@gé%&ffh%iﬁ&ﬁ%i shﬁé{éé’%r@ thOVIRG ofbagticity

t han t he rst sea I'ng 'on t he "casing hanger- has a
T B e S8 BB B S 5 ek B e
di aneter sealing position. A positioner noves either the packer elenent or
t he wedgeand dlge ruedgs viagt dnitially sealing dhe tfiret laskamerts spahtbodnavith ther i |
2-006 cylindrical surface; and thereafter sealing the second seal body with the cylindrical
surface.

In a suitable subsea wellhead application, the sealing system of the
embodiments of the present invention seals between the generally interior cylindrical
surface of the wellhead and the wedge ring of a casing hanger positioned within the
wellhead. The axially extending packer element includes a first seal body axially
supported on a first metal rib (seal support) extending radially from a metal base,
with the first seal body having an outer diameter for initial engagerﬁent with the
interior cylindrical surface of the wellhead. A second seal body is axially supported
on a second metal rib (seal 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
cbnﬁgured to radially expand the packer element from a reduced diameter. initial

position to an expanded diameter sealing position. A positioner moves either the

paéker element or the wedge ring relative to the other of the packer element and




-8 wedge ring, such that the positioner causes the elasto I.C .f] seal
body to initially seal wwth the interior cylindrical surpggépn&ég o the
seal i ng engagenent of the first seal body with the sealing surface,
hydraul ic forces and/or nechanical forces created by the hydraulic forces
further noves the packer elenment with respect to the wedge ring to bring
the second seal body into sealing engagenent wth the interior cylindrical
surface. If desired, hydraulic forces $ray al so be used to bring one or
nore nmetal ribs into sealing engagenent with the cylindrical surface.
Enbodi nent s, of the present.invention ma rovide a sealilng systemw th an
i mpr oved "f’?ﬂﬂealrmg’eﬁg%zmaqeﬁhgnﬁﬂs‘t'ﬁ?/ﬂﬁrc‘l“?%gg tﬁﬁ ?ﬁ@WHﬁrﬁ%pggél 5%%;‘7\6 whi ch
creates an initial seal to assist in noving the seal elenent to its
expanded iaitigheseal Wsihe; ipterior §¥l&1ﬁi“@ﬁ|a$u"&’ﬂc§eg’b‘ﬁd0 dbe seplfgyengagement Sher

el asticity then engages the interior «cylindrical sealing surface. A

set - down theifibt seaslybday witplthe dsdajing sudsce, bydraulico forcemandigr trhectsmidal el enent
to forman initial seal between the first elastoneric seal body and the

cylindri GatcesNér@hicd by UhE AeRiradlit RGeS W MBLEHARE pRREF eRim&r, witthe  BOP
may then be closed around t'he drill pipe and pressure applied through choke

4 kil Li . ot SU T
ol erent 150804 g Rkbe g e i e, lcBid Yol 86y ke st SRtlegBE"
posi tion. el asto seal, , body

Ceal s i Y 8 iR VBl rappor 365 duurauli orBe el ik Ba 2L ane
hydraul ic force converted by an intensifier to a substantial nechanical
force to ingtonete meigkeetabrienisin sealinpendagpmeaewitihediadricat surfacey
Posttton: Embodiments of the present invention may provide a sealing system with an
improved radial set seal element which has an elastomeric seal body which creates
an initial seal to assist in moving the seal element to its expanded diameter position,
such that a second seal body with a lower elasticity then engages the interior
cylindrical sealing surface. A set-down weight may be applied by a positioner for
moving the seal element to form an initial seal between the first elastomeric seai
body and the cylindrical interior surface. In one subsea wellhead application, the
BOP may then be closed around the drill pipe and pressure applied through choke
and kill lines to exert 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 fo a

substantial mechanical force to push the packer element to its expanded diameter

sealing position.




21 April 2006 Enbodi nents of the present invention may prO\éi %{3}&2&? at
| east sone of the forces used to nove the seal el enent to?i 6&/
expanded di aneter sealing position are exerted by hydraulic pressure
created after the elastoneric seal body initially engages the cylindrical
surface. The packer el enent may be noved to its expanded di aneter sealing
position by positioning the first elastoneric seal body bel ow the second
seal body, such that the first seal -B@dy effectively pulls the sealing

el ement downward along the taper of the wedge ring and to the expanded

di anmeter sealin sition, The first | ast oneri c seal bhody may noi be
required to naﬁr%ng'ﬂ‘eé‘t%gﬁtlhe\Hr?Wrttﬁé" PR FeRY Rrgyidedhat ?tﬁﬁaéﬁpf‘{?c% téﬁater t he
second seal body has been noved into sealing engagenent with the

cyl i ndri cl@rcesunsertdo move she eal Rlerapntaly dst fully expanted sdiamelesssaalisgi c seal
body may becone di sabled after the setting operation is conplete, provided
that the phsitinl ae dicret Behydravityprdeswrenatated taftel ¢hie elaistdmérivesqad ibbdy mance
of the second seal body. The packer el ement nay be provided with netal

ribs whi chiggi gﬁ&&gtm@ggm&icgrm&l@e_ﬁet al base, such that the netal ribs
support the seal™ bodies to prevent extrusion, and also may forma reliable

- | -t o- I | W i ' ] '
iR o TR R R
RNEP STt e o R

whi ch may not be available due to limted drill
such that the first seal body effectively pulls the sealing element downward along

the taper of the wedge ring and to the expanded diameter sealing position. The first
elastomeric seal body may not be required to maintain a seal with the cylindrical
sealing surface after the second seal body has been moved into sealing

-.engagement with the cylindrical surface. It is thus acceptable that the first
elastomeric seal body may become disabled after the setting operation is complete,
provided that the disabled first seal body does not interfere with the performance of
the second seal body.

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.

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

pipé lengths in shallow wells.




pipe lengths in shallow wells. 21 April 2006 - 8b The el astoneri eal
body may have an initial outer dianeter which is less tha Ifﬂﬁﬂﬁﬁq r nal
cylindrical surface, so that the packer elenent may engage the cylindrical
surface only after sone radial expansion of the packer el enent due to

axi al nmovenent of the packer elenent relative to the wedge ring. The packer
elenment may forma reliable high pressure seal for operating at a
tenperature of at |east 350F between-&h-inner cylindrical surface of a

- tubular or another tool and a wedge ring radially inward of the packer

el ement. The packer elenent is configured such that high te ratures do
not cause hi g%plasiomesicaal ?resv BrERRNe Fhiival fuigr &3 QFﬁ!ii"\qgg? 196D the
packer element. The sealing systemmay be used in various applications,

i ncl udi nghardhe injerniak cylinehical syfacedsodhat thet packer elemenicmayengageiiea
wel | head and a wedge ring on a casing hanger, or between the internal

cyl i ndri cafingrival safaed oalysaftdramereddidicagansion of thagiackeheagent doe thet ween
a casing and a liner hanger, or between a tubing hanger and a wel | head

hanger . A a68ucRRh of e PbkePBloiéhFfoldtiRUb¥ie WeageRRget ed to - the inter nal

cylindri surface to be sealed, which may be part of a tubular or

y
fo radiar vy oufintengehin BEOdo BT BTER e non hrEGHRE by BB O 0
Becor di ndPPRESUISED! Sriearc A BRaRHoas oR BN APOUSHILEPoRICE ASLRHAT hul ar
so that the packer el enent
another tool and a wedge ring radially inward of the packer element.
The packer element is configured such that high temperatures do not cause
high pressure buildup between the radial extending ribs of the packer element.
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 may be 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 smaller diameter tubular, so that the packer element
effectirve!y forms a seal between the outer tubular and the inner tubular.

The packer element may be reliably used in high temperature applications of

350°F or more and/or in




~effectively fornms a seal between the outer tubular and the i ne @g?ular.
The packer element may be reliably used in high tenperaturé gﬁﬁé? i ons of
- 350F or nore and/or in 21 April 2006 -9- high pressure applications. Also,
t he packer el ement need not use exotic elastoneric materials which have
reduced undesirabl e properties, since the elastoneric seal body is not
relied upon to maintain sealing engagemgnt once the packer element is
expanded to its sealing position. The second seal body may be formed from

ke R SR R B el B

including tin, metal s softer an the base o

element, relatively hard, el astoneric terials,.and plast.ic materjals.
These and f§ é‘?‘:t'%jy@la? rialy e"‘z‘?'ﬁ'? g‘ia,veaﬁ ”&89atfﬂd%aé‘%ﬁ%f&f)ﬂ%&'ﬁ'eggﬁ? th?“iventi on
wi |l becone apparent fromthe fol|low ng detailed description, wherein

ref erence i 8las crssal Bedy is giot elied MPpR & BRETHR SAFIMIEERgGMRELoncethay | |
2006 -10 Brief Description of the Drawings Figure 1 illustrates an annul ar
packer el enpatkeaeteonant igexpandnd tpite sealing fiosiient Tos seagndseabibbdyrmay be
positioner. Figure 2 illustrates the packer el enment noved into.initial

engagenent furinbddront yhiioel headrdiahatingra Ruwet atsticfy hanthé istdeansbdyhe wedge
ring of ‘a casing hanger.

including tin, tin alloys, metals softer than the metal base of the packer element,
-feiatively hard elastomeric materials, and plastic materials.
These and further objects, features, and advantages of the presentinvention

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

made fto the figures in the accompanying drawings.




Figure 3 illustrates the packer el ement moved i.nto. posi tion. such b@ t the
first seal body and the second seal body are in sealing engé A ith the
wel | head. Figure 4 illustrates the packer el enent noved to its expanded

di aneter sealing.position, with both the second seal body and the netal
ribs of the packer elenent in séaling engagement with the interior
cylindrical surface of the well head. 21 @prll 2006 - tt - Detailed
Description of Preferred Enbodlnents Flé re 1 depicts a packer elenment 10
havi ng a cony . internal threads 42 for engagenent wth
external th AR S posTIT oMt 40. In the disclosed enbodinent, the
positioner 40 noyes the packer el emrent 10 aX|aIIy downward with respect to
the stationary wElye {iifigsteries 38 anuian Rackes. glemenp accardingolegifeapresentat i vel v
the positioner may nove the wedge ring axially with respect to a
stationary pavekten sdpnasied crmhpesitiandr] [ed in the art will appreciate that
the positioner 40 may have a tubul ar body which is mani pul ated or noved
axially to noveFighe Diloktestes trenmikelflenmehtinbved into nhal ¥fgenicnb@it® t o
obtain an initial seal, as explained subsequently. Those skilled in the

art will apey:ﬁehaémbh@ftsdrﬁee P a4 dithengafd w.@wb H%%F‘éc&ﬁh# ha

application may exert an axial force of 10,00 S or the
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wer nost r|b rts a first
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Figure 4 illustrates the packer element moved to its expanded diameter
sealing position, with both the second seal body and the metal ribs of the packer

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




A second annul ar seal body 22 as shown is sandw ched betwe P an %%%ak
downwardly extending rib 18 and a | ower upwardly extendi ng“rf ! en
fluid pressure is applied above the packer elenment, the el astoneric 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 fromabove, and a rib 18
acts as a seal body support when pressyfe is frombel ow. The seal body 20
may have the sane initial 21 April 2006 -12- dianeter of seal body 22, but
First engag%%té.ia;a S¥ddriBhsh 6PPrdrét&d ERibodiidage 52 (see Figure 2) due to

the taper o € cone surface 62Z. Seal body 22 is shown with an annul ar

groove 24. One o r r
grooves to increg@g’%fgﬁ &)érf) n%er?)ga( %g'!n% t Sﬁ%%n g%ﬁﬁgﬁ%\d %&mg}@oi d
areas for thernnl apsj on of the re pecti v ody. 1nq. ef erred
erbodi ront oA APy BRI M SR I e 61 aat nastime B GdRonmr f
or rubber-like material which has a high elasticity, while the seal body
22 is fornedhd diseiosed embedimant, the pogitiongi4dimeres the pewer algmenti 1 axally The
nore elastic seal body 20 is softer than the less elastic seal body 22, so
t hat the sedbwhedyd 20hirespaditd the atgtinesyededge fing $0, ssadhiongl iy Figurgayye t he
interior cylindrical surface. Preferably the annul ar groove fornmed by the
ribs 14, 16 gitedhlditepiivelate ggssﬂéiﬂ:éﬂméye@ﬁf/@tfmdgd?fq atialtylitkaegesct f or

receiving a large seal body and 22 to bridge or in any defects in

the interiog, é'tegﬁﬁéwléé%ke?‘gél@éﬁl THae: sl&lfé@ ifl B Qrt%utz%%r&r £8‘ﬂ§‘atft % med by

the ribs 14, ase S reI atively deep, and may provi e a
radial dept hoélt?oner 4%)%%8{(] ?la\slee; %l tugl?l }’ body wpuch 1s mampulated 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
embodiment, the lowermost rib 14 supports a first elastomeric annular seal body 20.
A second annular seal body 22 as showﬁ is sandwiched between an upper
downwardly extending rib 18‘and a lower upwardly extending rib 16. When fluid
pressure is applied above the packer element; the efastomeric 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




at least 70 percent, and preferably at least 75 percent, h Iar gap
between the cylindrical surface and the wedge ring when t EAﬁgé el enent
is in the fully expanded position, as expl ai ned subsequently. The first
seal body 20 simlarly has a radial thickness of at |east 70 percent of

t he annul ar spaci ng between the cylindrical surface and the conical
surface when the packer elenent is fully,set. The base 12 of the packer

el enent and the mpjority of each of t he %lngers 14, 16, 18 may be forned

from conven | | 6 -13-
strength of Higﬁﬂek Jf%ggi %%%P%%@ﬁﬁreﬁgés%%@% d&ﬁn&c}ﬂ 'ﬁlqu 'fé%onez %Qgrmre of
the ribs 14 eovrlaldvm er I al may have
avyield strgﬁﬁf%z)oqlue @E‘ﬁﬁﬁa% die conrss a%(?sg %ﬁ%gn&sim hd ﬂ t he

O D. of finger 14,16 or 18 i ncrease the nunber of netal surfaces whi ch
are in et afondaigroaye 86ﬂ%0rmt'h0fm sed) bpaigs imay besrravidad wih apaular The
material for the second body seal 22, which may be a tin, a tin alloy,

-l ead, | ead gicbwys toiincieans thmnlilmheradaﬂawling:asnfadetsomd torpravigie goidereasfot al
softer than that of the netal base 12, plastic or an el astoner which, as

expl ai ned apewfal é@%n@oh%ﬁhe&b@;ﬁdtﬁetsbat bady.t vab @mbfdnled driticdimemtods body
20. For sone applications, PEEK may be a suitable plastic material for the

second seal tﬁﬂ@vsn%?gureﬁhseﬁmoaplzélfs fd?ﬁ]eh%;ﬁ@%btowm &%Jﬁbsr.:.@wﬁte?ra:

relatively soft conpared to thé netal fingers, and preferably has a yield
o om0 o Bagn ey L Bl o B  BRl Phapr
which has a lower elasticity. The more elastic seal body 20 is softer than the less
elastic seal body 22, so that the seal body 20 is easily compressed to first sealingly
engage the interior cylindrical surface. Preferably the annular groove formsd bythe
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 relativeiy deep, and may provide a radiat depth for a second seal body which is
at least 70 percent, and preferably atleast 75 percent, of the annular gap between
the cylindrical surféce and the wedge ring when the packer element is in the fully
expanded position, as expiainéd subsequently. The first seal body 20 sirﬁilady has
"a radial thickness of at least 70 percent of tﬁe annular spacing between the
cylindrical sutface 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, stich as steel, having a yield




surface 52 of the well'head 50 which, as expl ai ned above, be. rface
or subsurface well head, or may be an outer tubular, suchngiﬂﬁﬂggg@#g, or
may be another tool. Packer elenment 10 as shown in Figure 1 nay seal with
the wedge ring 60 which, in a subsea well head application, is a conponent
of a casing hanger. In a liner hanger application, the packer el enent may
seal between the wedge ring of the Iinfg_hanger and the casing. To achieve
seal i ng engagenent with the conical surface 62 of the wedge ring 60 as

shown in Fi : : S i ' P f

axial ly 21 %ﬁ%ﬁ?‘ﬁ%ﬁ@ﬁﬁ'??i@bﬁ%gﬁis?@?%ﬁeﬁﬁﬂeiw?@é,&§€? Wﬁ@%ﬁﬁ%ﬂ@gﬁd 36
for providi dundant tal -t o- tal ,seali.ng en enent. with the wedge
[Fing 60, 1 ABGLEAER dyelBi it o R Rer Rl Ml BRP RN E et s bty "ced
46, may al so be provided for sealing engagenmrent between the base 12 of the
packer el enBRPULINKSE Hane af MREeaeoves mayde ‘?%éﬂ'gtﬂeﬁ-ﬁg‘?fﬂﬁigﬁﬁ?‘e B ydBitet s the
packer elenent 10 wherein at |east the | owernost rotrusion 26 has engaged
t he t aper edinstgdsgadiee Banber af metolsdaces WbiCB@lf%liﬁdnfﬂang-mﬁtad centast vettghaded t he
wedge ring so that the elastoneric first seal body 20 is noved into

seal i ng engegiedeicd! sealidy sdréncey | Thetmataial oo tiessroh@ botip sedl2d, whidtaday un- i n,
-the packer elenent 10, including the seal body 20, preferably has a.

di aneter | egg atfiam tid By, Radl Radi Alo§! mtunﬁ,whdiad,rkam! rl.:és}l oACEr aryp offiepVi OUSI y

i ndicated, the notion required to nove the packer elenent relative to the

wedge ring mayay ek ﬁﬁﬁnﬂl&f 56t nBtal base 12, plastic or an elastomer which, as
explained above, has a lower elasticity than that of the first seal body 20. For some
applications, PEEK may be a suitable plastic material for the second seal body 22.
The material for the seal body 22 is, however, relatively soft compared to the metal
fingers, and preferably has a yield strength fess than 20 ksi, and more preferably
less than 10 ksi.

Packer element 10 as shown in Figure 1 thus seals against the cylindricat

surface 52 of the welthead 50 which, as explained above, may be a surface or
_si:bsurface 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
théﬁnerhangerandthecashg.

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 Mth a series of axially




setting force or a "set down" force applied through the poi%tiQTg 40 to
one of the packer elenent 10 or -the wedge ring 60 and, fo e odi ment
di scussed herein, to the packer elenent 10 relative to an otherw se
stationary wedge ring 60. At the stage shown in Figure 2, none of the ribs
14, 16, or 18. need be in sealing engagenment with the cylindrical surface
52,. and the second seal body 22 nmay stihi_ be spaced slightly fromthe
cylindrical surface 52. A predeterm ned set down force nay, - -however, bring

t he | ower ' n W'al 1698 bidtRli ' _
engagenenf;)ﬁvacieﬁtbtr%{e}u%‘gé gg'egg’z, 't éra(gb;?hgl i ghtr F%éﬁ/ngd%ngﬁﬂfb%g& t oward
t he base 12 nd_pr.ovi din rel i.abl.e | ndi | ORta.the. operator that the
seal body Jhe ﬁfeg{l%@gggggﬁieggh{@ h? é@ggg%geﬁ%aagﬁ%%e%#q? LMf%ke 52.
When in the position as shown in. Fi g"lrjﬁti’i‘iz fluid pressur ransm tted from
above, e. g.eldgpmeris ey tHENERP GHAdt 6 R a5enbe Prvidad for $92liBgt ween
the well head 50 and the wedge ring 60 above the sealing elenent 10, may

t hus exert engagdmeat betwgewihebase o2 obtherpacker eiempeimnditbe sudagnh2 ofithe packer
el enent to the position as shown in Figure 3. Hydraulic forces may thus be

used to nowgeddesipcker el ement 10 so that two or nore of the protrusions
on the base 12 are in sealing engagenent with the wedge ring 60, and- the

outer dianeter ¢fqdr8® gegRRIthECHACKRP Blo@n(C MIhetdlh it S8R Ithe I6@sthist Wi th

the interior cylindrical surface 52, as shown in Figure 3. At least in
oo S, N8 b SBohE PR AP R B AR S0 ed 1,
exterior initially expanded the wedge ring so that the elastomeric first seal body 20 is moved
into sealing engagement with the cylindrical surface 52. In its initial mn—iﬁ, the
packer element 10, including the seal body 205 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 transmilted by a
setting force or a “set down" force appliéd 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 cylindricél surface 52, and the second seal body 22 may still
be spaced slightly from the cylindrical surface 52. A predetermined set down force
may, however, bring the lowermost b 14 info engagement (although likely not

seaiihg_eﬂgagement) 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




surface of the second seal body 22 sealingly engages the Cél&i ndrl' g@tlt '
surface 52 of the well head assenbly 50. Initially some |le éH%IB t he
second seal body 22 nmay occur, so that pressure continues to act on the

| ower seal body 20 to nove the packer elenent further down the wedge ring
and enhance seal i ng engagenent of the second seal body 22 with the
interior cylindrical surface. Once the-g8cond seal Body 22 is noved into
seal i ng engagenment with the surface 52 of the well head assenbly, fluid
pressure abpyes inhsesinalergadymant with dusface 52heNher icethe glositipntas Idhowinuint her
downward rel ative to the wedge ring 60. The entire outer surface of seal

Dody 22 as -ﬁi%ilav% iﬂi&?%ﬁr&r&%@ﬂﬁ@@?roﬁ?%dd&%)g..%K)@ﬁﬁﬁlg’ftﬁ@BQF* anfithiysal

surface 52. T 006 -16- As shown in Figure 3, the outer surfaces of

each of the, i Al i i j but not
yet in seal ‘.“%Eéoa%ﬁ{ tgéﬁg%tsa\% ?ﬁq'te%g tlg@tj?('fe g@%dg %@ée@t@h%&gﬁ(yﬁ@%%ﬁ%et ‘93 IS
noved into sealing engagenent with th urface 52 af the . wel] hea
Rosenbl y. 2GR Bt (e PRe duArHE gy audbek SR HerFRt Qe
body acting upon an intensifier which, due to differing piston areas,
produces a updkthatiaskeriameal o themasition asyhonedn FidsFRs- Hydaylie dereest he
packer elenent 10 further down. the taper of the wedge ring 60. Thus
_ hydraulic fmagdbus betiseg onmole thewsckse elenend 020 Wal tved Peodre aifthe pul | "

t he packer element downward, while the.fluid pressure created by the
seal i ng enga@aUBDhHs 6h thwbysc2(R am ik Bealind @nmgbheativith e vidigeiring ®0safd er to

produce a substantial downward force which "pushes" the packer el enent -
downvar d. Ane Qi dihe: Bf theRcBY SRR P2 comes into sealing contact with the
interior cylindrical surface 52, as shown in Figure 3.

Atleast in part due to the hydraulic forces acling 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 seé!ingly eﬁgages the cylindrical surface 52 of
the wellhead assembly 50. Initially some leakage past the second éeai body 22
may occur, so that pressure continues to act on the lower seal body 20 to move the
nacker element further down the wedge ring and enhance sealing éngagement of
ihe second seal body 22 with the interior cylindrical surface. Once the second seal
sody 22 is moved into sealing engagement \-Nith 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 eatire outer surface of seal

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




pushing forces maybe used to fully set the packer elenent._The . t of
the force required to nove the packer elenment 10 to its fa}pyngéggﬂded
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 anq the interior cylindrical surface.
The harder the material of body 22, the flore force will be requi-red to

press the packer el enent downward so that_th rder sea d eal i ngly
rgages 't ho AR FIT? AolPor SUpGeo0! Gathal e SoBar pbs &4 AU 1BRERY | s
14,16 and 18 is to support the respective se€al body 20 and 22 during fluid
pressure forheds physigaltaontachivith bet nakyatiinsealingsngegemenigntty thesurfaesx b2usi on

of the seal body past the nmetal rib in response to high fluid 21 April 2006

-17- pressure fokes.thd\sealibody 22psinposd iof ddating epgagamehBwith the sedateur e and
contain the seal body 22, and to push the seal body 22 downward during the

initial settgon theOR&iahl aBscrably, drdtseHPRddihBat rERa upda fifid plesdapdai@ssur e
is frombel ow the packer elenent. Once hydraulic forces are acting on the

| body 2 : Loty d
That rud s Seat bodPRptiRy Bpod n RRGSRorARE i MR ditoh®aBBS) o0 e

ti dd d tof th k I t..th lts, int
backer ol enDiaiess st feviEallBiR of VBRI RoUfduch g Retk: 1 (s
final or exgggéied sealing position. In this position, two or nore of the
e-axi al y sp&lessent0durer dewn the taper ogthe wadge dng $0pr Bius:tysirgulis farges

netal -to-netal sealing

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 upoﬁ 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 surfacé.

A prmary purpose for the ribs 14,16 and 18 is to support the respective seal

body 20 and 22 during fluid pressure forces, and fo minimize the likelihood of

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




engagenent with the tapered surface 62 of the cone ormedgeztin I%gm Once in
this position, the elastonmeric nmaterial of the first s'al éﬁa may
degrade due to the previously discussed properties of elastoneric
materials, but reliable sealing engagenent is maintained due to the seal
body 22 and, for the Figure 4 enbodinent, the netal-to-netal sealing
engagenent of the tip end of the ribs 1%~ and 16 with the cylindrical

‘surface 52. Once in its fipal sealing posjtiogn as sho in Figure 4, the
packer el enpiessu® foieay. HFBXNAYRAE 9f the,top %S#%a%&%"‘f?%a@d{‘éso t hat
fluid pressure above the set packer elenent may be rel eased and the packer
el ement mai séadibodg A2n and do fosish the sephberdt2p dowaward ddriagBwninitial 2t e 4.

Al so, once in its fully expanded sealing position, the first elastoneric

seal body 2QpdarBNor e asisupoet theseal Hosly 92altiengpr&bulpisifton2bE6wtidpadkenct i on
with the interior cylindrical surface, but this is permtted since the

second  sealiehfly Bhck hydialid RrdRaliBatRTGRGE BBAbOYy D bl@tich Rseaic

cylindrical "surtace.- In” one application, the taper of the wedge ring 60

may stop before the | [ : i 2 inits
Tol 1y o pariidepbefent {5k R ak, oA Ssubdhal (Y61 ARSKEE il BESOEy 44 JHREE 17
and 36 are in sealing _egg%%eﬁnt with the tapered surface of the wedge

ring. Prot réevemadbgndin us need not be supported by the tapered
surface of the wedge ring when the packer elenment is in its f‘g%il expanded
seal i ng positi orfThegonruadrovaweard maypment ofthepackerglamenkihuggsu By‘e 20 s
relied upon to maintain sealing engagenment with the interior cylindrical
o packer element 10 reaching the position as shown in Figure 4, which is its final or
expénded sealing position. In this position, two or more of the -axially spaced
protrusions 28, 30, 32, 34 and 36 preferably are in metal-to-metal séaling
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 fo 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 showa in Figure 4, the packer element 10
may be mechanically locked to the wedge ting 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




surface. Those skilled in the art will appreciate that the ck | en

of the present invention thus provides gphi ghly-reliable %Fgﬁngé%@sﬁﬁn;nd
for high tenperature seal, which may be actuated with a relatively |ow
mechani cal setting force supplied to the tool positioner, with hydraulic
forces created by the seal body 20 thenléaroduci ng the forces required to

nove the packer elenment fromthe initial®teduced dianeter position toits

expanded seal i ng position. The packer el engent '

Tho. pr esent hinrikawitofhyerianealsRcaLR 58, RBAHE BLTT: RrpUS S o
wel [ head, or nmay be used between a |iner hanger and a casing, or nay be
used in  anyeabbey 22pphéwin seafingrangagement witfyte e R
cylindrical inner surface which is intended to be a sealing surface, and

an inner tuggd applicati6RNEapEr of theawaegig eing iBOgNM stolp briereatheUbweamst al
coni cal outer surface configured to radially 21 April 2006 -19- expand the

packer el enpnt. t ocihie SXRGEEHREALI WEP RSt @) dpanded pabitiomvaitiengh of th
packer el eggntlor(g atl\‘/)e to the wedge ring. Thewv%dgge ri rﬁjg may' thusgbe ©

I nt er connect e it h, an _inner t r : ; [

segl s tbefj V\% "\ﬁ‘ﬁé’qgﬁtpé?mfsﬁ i ar‘L%ziilc? 4t%i§%r'ﬁ%g%§@?®ﬁilﬁwtggﬁél oty

understood by those skilled in the art that.th | d

described i Bpeseshpydace ﬁ%ﬁ“’vﬁ’f"pgﬁsﬂr@t hgfoqﬁﬁﬁﬁnfﬁcigggﬁés% @%&yn\ﬁ tegk?n t he

practice of the invention. Accordingly, the s_cogg of the invention.should
fi

be under st sumported by dhe thpesed surfang 9fithaveder IHHWREN NSPIFCREMERESY rit of

the inventi on.
its fully expanded sealing position, since the seal body 24 rather than the seal body

20 is relied upon to maintain 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 ﬁay be actuated with a relatively low mechanical setting force supplied to the
toot positioner, with hydraulic forces created by the seal body 20 then producin'g 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 hangér 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 ting which has a substantial conical outer surface configured to radially




21 April 2006 -20 What is clainmed is: 1. A sealing systemfor, sealing with
a generally interior cylindrical surface of a tubular or g?f%5$?b¢ﬂe

seal ing system conprising: an axially extendi ng annul ar packer el enment
including a metal base, and a first elastoneric seal body spaced axially
froma second seal body, the first seal body having an outer dianmeter for
initially sealing wwth the cylindrical §yrface the second seal body
having an el asticity | ower than the flrst seal body, the annul ar packer

el enent havin educ i Q0

di anet er se&?‘%ﬁ{:ﬁj %8@??%#?6"3%(%8% a"%d ‘ Pf%'tﬁn%aﬂﬁ %ﬁﬂ@?&ﬂ nt

el ement and having a substan'tl al | conl out sur(igﬂce confl d to
radial |y exphife p#rkepglamsnt splafignt ﬂleow? f‘ﬂ%"ﬁ’g ﬁ upon
axi al nmovenent of the packer elenent rel atl ve to the wedge ri ng, and a
posi ti oner frdercoowéated with @t innike tyhudate and| taprst Paglier eikmaridgliably sgals
relative to the other of the packer elenent and the wedge ring, the
posi tioner bbRiddnahé yusedibiuty dridehbiimrer tahwat omeri c seal body with the
cylindrical surface. 2. The sealing systemas defined in claim1, wherein

hydraulic forcesydiend Anddi@oaeR those SHERDAMRS hrtdhatithe chitiogimeaholwady Wi t h
the cylindrical surface further nove the packer elenent with respect to

the wedge ripg d%,-gc@edqg e;(QI%P%?fQHS vafidls ofiBFholdcaticiRAnbP GeGRERORTMAL W th

the interior cylTndrical
practlce of the invention. Accordingly, the scope of the invention should be

understood to include such modifications which are within the spirit of the invention.




3. The sealing systemas defined in clai m'l, wherein the s nd | body
gfalplé%gﬁj%l e

iIs formed fromone of a group consisting of tin, tin allo ad
alloy, indium indiumalloy, a netal softer than the netal base of the
packer el ement, cast iron, 21 April 2006 -21-

pl astic, and an el astonmer having a sulpgt-antially |ower elasticity than the
first seal body. 4. The sealing systemas defined in claim1l1, wherein the

first ela ri | body is positioned axially bel ow the second seal
body, sugﬁ%?ﬂ%tdafqun&lagsa'pr essure above the packer elenent acts to pull the

packer el enment, downward tp sealingly .engage tl},e econd. seal. bo Lth the
cylindrical i nl' Po? |nglﬁy§%gé€or5§ea%wgﬁﬁg 9%5”@' S'qu%oﬁgﬁﬁgﬁpﬁ]e rﬁ%ﬁeg aiml,
wherein the p%si ti oneir m)velsl t he packer element axially relative to a
gener al | y2 HPHar oraf9ol g Reaing, gystem cARPISIG: i ng system as defined in claim
1, wherein the positioner noves the wedge ri ng_axi ally retlﬁfgi ve to a
general |y st at3ba¥ally gxierding anemaspacker elgmesk NGusding 9 Jpeld BasqidndRd in
claim1l1, further conprisi ng: the first seal body axially sugported on a
first netfipt elaplomerierrsiah§odndpared axipiy fom mesasond soat bady thadirstesashd seal
body axially supported on a second netal rib extending radially fromthe
met al badmdyshavitipas ewitérndjametar dar indtiadliy fseating withdheiaylimjrioah suidace, dhe | east
one of the first rib and the second rib sealingly engages the cylindrical
interi or saeohdeseabhbody hatviag an elasticity lower than the first seal body, the annular

packer element having a reduced diameter initial position and an expanded

diameter sealing position;

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

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 aé 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.

3. The sealing system as defined in claim 1, wherein the second seal body is
formed from one of a group consisting of tin, tin alloy, lead, lead alloy, indium,

indium alloy, a metal softer than the metal base of the packer element, cast iron,




second seal body. 21 April 2006 -22- 9. The sealing systen?aé‘dféh%ed in
claim1, wherein the second seal body is spaced axially be 8H upper
nmetal rib and a lower netal rib. 10. The sealing assenbly as defined in
claim9, wherein the upper netal rib is dowwardly inclined, and the | ower
metal rib is upwardly inclined. 11. The.sealing systemas defined in claim
1, wherein the second seal body includes at |east one groove extending

~radially frgman outer dianeter of t nd seal ..body t red .t nmet al
base. 1 PARIE 8R4 Gos o iaa sl RS an S OPeR BRsiRR Heb e s 181 Ng: “one
or nore ?é()ially spaced protrusions on a radially inner surface of the

metal bad®®ach for netal -to-netal seali ng engagenent with the

substantially conical outer surface of the wedge ring. 13. The sealing

system as defined in claim12, further conprising: one or nore annul ar

el astoneric sealing nmenbers for sealing between the netal base and the

coni cal outer &Ulteasealiog systemeasgdelinedgn daim Thwheesin ithe) fiss) Slastemericlef i ned

inclaiml, wherein the tool is a well head assenbly with the interior

cyl i ndri culal body isqositivbed Axialy belpvalhediecpne gealrbasiyabushithalilde @ressgse h  of

the first and second seal bodies is axially fixed in at |east one direction

by t he netbmivelthe packdr élpmiant 2086to pult the packer element downward to sealingly

engage the second seal body with the cylindrical interior surface.

5. The sealing system as defined in claim 1, wherein the positioner moves

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

6. The sealing system as defined in claim 1, wherein the positioner moves

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

7. The sealing system as defined in claim 1, further comprising:

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

the second seal body éxially supported on a second metal rib extending

radially from the metal base.

8. The sealing system as defined in claim 7, wherein at least one of the first
rib ahd the second rib sealingly engages the cylindrical interior surface after the

second seal body.




-23- 16. A method as defined in claim15, wherein the secon body is
secured axially in both directions to the netal base. 17. %s
defined in claim15, wherein the base includes radially extending fingers
to limt axial novenent of each of the first and second seal bodies wth
respect to the base in at |east one dixpection. 18. A sealing systemfor
sealing with a generally interior cylindri cal surface of a tubular or

ol ermen “?nifﬁaéﬁgﬂsgﬁ?iﬁﬁ‘ﬁs?%s “S@%Eﬂegmp? 'a\fﬁsﬁc%?% %c%ga””“t%%qf‘é‘giﬁéd
axially from a ond seal havi ng an outer

di amet er FI°© &Ibfaf)”eseé‘ael‘rl %W% rI‘Re éf"s’ﬁ’i‘ﬂ? Tﬁi ?ét&rface, the second

seal body fornmed fromone of a group consisting of tin, tin alloy, |ead,
lead alloy, indium indiumalloy, a netal softer than the netal of the
base of the packer elenent, cast iron, plastic, and an el astoner having an

elasticity | owk} Ttheaspaling assengbly ascdafingd dy claim &, ahereia the HpResrmelab e nt

having a reduced dianeter initial position and an expanded di aneter
seal i ng pesiownwardiyinglicied andribe lavdiranetal fithiseunwasdlytnalingdcker el ement and
having a substantially conical outer surface configured to radially expand
the packer elenent to the expanded sealing position upon axial novenent of
t he packer element relative to the wedge ring, such that the second seal
body seal i ngl yiefdegeEalindg systeml andefineal in ©laimat; evhengid the pesorid seet botipr
novi ng one of the packer el enent and the wedge ring

includes at least one groove extending radially from an outer diameter of the

second seal body toward the metal base.

12. The sealing system as defined in claim 1, 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.

13. The sealing system as defined in claim 12, further comprising:
one or more annular elastomeric sealing members for sealing between the

metal base and the conical outer surface of the wedge ring.

- 14. The sealing system as defined in claim 1, wherein the tool is a wellhead

assembly with the interior cylindrical surface.

15. A method as defined in claim 1, wherein each of the first and second

seal bodies is axially fixed in at least one direction by the metal base.




relative to the other of the packer elenment and the wedge ring,.
positioner initially sealing the first elastoneric seal bgh;/l‘%ﬂlfzﬁ(?q he
cylindrical surface, the first 21 April 2006 -24- elastoneric seal body

bei ng positioned axially bel ow the second seal body, such that fluid
pressure above the packer el enent due X30c sealing engagenent of the second
seal body with the cylindrical interior surface results in a dowmward force

on the packer t.0 Move cke el n rd t gly
engage the. sclbri g S%de%we oo RIS TP aF el 68 PR <681 BEAL 0SS e
sealing s ste efln in.claim18 f t her corrprlsmg the first seal
body aX| éﬁﬁ?ﬂ?} Y18 §O dléeqlppgko%rgfetaﬁ)% *%extending radially froma

nmet al base and t he second seal body axially supported on a second netal
rib extending radially fromthe nmetal base. 20. The sealing system as
defined in claim 19, wherein at |east one of the first rib and the second
rib sealingl y Qng%g@%thpﬂ@%éaﬁn%lrselﬁfrac@ avheseing the kassoigludgsdad %Hy 21.
The sealing systemas defined in claim18, wherein the tool positioner

moves t hee irg flapersetat liandi @na!ymwem@nt/@f tegch efether tist yndt sgqopdassal wedge
ring. 22. The sealing systemas defined in claim18, wherein the second

. seal bodybadiesyitic erbpasi talthy bbee incatreast coppiinectst.al rib and a | ower netal

rib. 23. The sealing assenbly as defined in claim 22, wherein the upper
met al

18. A sealing system for sealing with a generally interior cylindrical surface
of a tubular or a tool, the sealing system comprising:
an axially extending annular packer element including a m-etal 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 formed from one of a group consisting of tin, tin alloy, lead, lead
alloy, indium, indium alloy, a metal softer than the metal of the base of the packer
element, cast iron, plastic, and an elastomer 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;
a wedge ring radia!ly. 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, such that the second seal body sealingly engages the
cylindrical surface; 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, the first




ribis dowwardly inclined and the lower netal rib is upma&igy igﬁé'ned. 21
April 2006 -25- 24. The sealing systemas defined in claim ,Wﬂ er
conprising: one or nore axially spaced protrusions on a radially inner
surface of the netal base each for netal-to-netal sealing engagenment with
the conical outer surface of the wedgat-ring. 25. A nethod as defined in
claim 18, wherein each of the first and second seal bodies is axially fixed

in at |lea dir LQn the.netal base, 26.. A nethod as, defined in
ol ai m 26 SR TREbLBE oo BR8N e B . SERRI Sofh ogh irue
directio the netal base, 27. A netho s defined in claim?25, wherein
he' base Tk HHAT PP e el EARERSITHY e b SPaIHa, Shgfasm e s of
each of the first and second seal bodies wth respect to the base of at
eant *oneAaEOPH Rt T e R iPab It S HEC OB IS RN s B
cylindrical surface of a tubular or a tool, the nethod conprisi ng{:
- providi ngthﬁrpaﬁk‘i’ra@'?We@RPe'ﬁ&V%&‘%ﬁ@ﬁheéﬁ!%ﬁ&o“@l"‘@ﬁ%ltﬁ sealtolyosnRos thet al
base, and a first elastoneric seal body spaced axially froma second seal
body, t hesecpnd sealdaasly wittutherexlindrigabintesior sprfaceamet er for initially sealing
with the cylindrical surface, the second seal body having an elasticity
| ower than the first seal body, the annular packer elenment having a
reduced dianeter initial position and an expanded dianmeter sealing
- position;. 19. The sealing system as defined in claim 18, further comprising:

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

the second seal body axially supported on a second metal rib extending

radially from the metal base.

2(Q. The sealing system as defined in claim 19, wherein at least one of the
first rib and the second rib sealingly engages the sealing surface after the second

seal body.

21. The sealing system as defined in claim 18, wherein the tool positioner

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

~ 22. The sealing system as defined in claim 18, wherein the second seal

body is spaced axially between an upper metal rib and a lower metal rib.

23. The sealing assembly as defined in claim 22, wherein the upper metal

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




providing a wedge ring radially inward of the packer eleneai agﬁ &@ilng a
substantially conical outer surface configured to radially %ﬁ 8

packer element 21 April 2006 -26- to the expanded sealing position upon
axi al nmovenent of the packer elenent relative to the wedge ring, such that
t he second seal body sealingly engagef5t-he cylindrical surface; and noving
one of the packer elenent and the wedge ring relative to the other of the

packer el enent, Afmﬁnet IM@Q?&E[(%H&% Aing i éila 1§Zﬂjr{h§?ce:érn§n§|ﬁ St el astoneri c

seal body with the cy Surt ace; rea ealtng the second

seal body wt LN i.ne n claim
28, further corr%gr]:sgﬁ%r? %{ljépl Orqalsc# @ﬁ@”??gi 5458‘8@38?/“@ gl%f]aC?SO?t tal rib
extending radi,ally froma al se; ,and s ortin e secon al body
on a secg"r'?ﬁfj1 P e3gh g‘%{t @ﬁg’ﬁ%ﬁn}eﬁ 5319 ?'?foﬂp r?@#blt eb&?@'.cagﬁu{eﬁ\ met hod
as deflned m 29, wherein at |east one of the first rib and the

second ri%y ﬁlolfﬂ?ﬁ H3&s the sealing surface after the second seal

body. 31. The nethod as defined in claim28, further conprising: utilizing

hydraulic forces due to the sealing engagenent of the first seal body wth

the cylindrical surface to nove the packer elenment with respect to the
wedge 25. A method as defined in claim 18, wherein each of the first and second

seal bodies is axially fixed in at least one direction by the metal base.

26. A method as defined in claim 25, wherein the second seal body as

secured axially in both directions to the metal base.

27. A method as defined in claim 25, wherein the base includes radially
extending fingers to limit axial movement of each of the first and second seal

bodies with respect to the base of at least one direction.

28. A method of sealing with generally interior cylindrical surface of a tubular
ora toql, the method comprising:
providing an axially exténding 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 elasticity lower than the first seal body, the
annulér packer element having a reduced diameter initial position and an expanded
diameter sealing position;
providing a wedge ring radially inward of the packer element and having a

substantially conical outer surface configured to radially expand the packer element




ring to nove the second seal body into sealing engagenent ‘ﬁﬁt%ﬁ{lgﬁoé nterior
cylindrical surface. 32. The nethod as defined in claim 28] 1Ar er
conprising: 21 April 2006 27  formng the second seal body fromone of a
group consisting of tin, tin alloy, lead, lead alloy, indium indiumall oy,
a netal softer than the netal of the-Base of the packer el enent, cast
iron, plastic, and an el astoner having a substantially |lower elasticity

than the i fg! oReiHdel Ofbaind hoshih TBbAMkidSmBEmaRd of g}é;!g%!cg%rzélerﬂ t her

conprising: positioning t I rst astoneric seal |y bel ow t he

d . i .
second <Saluine g s USSP, SERA - RRGITInBTIRS o

downward on t S to se y énga sea
with the cylindric I, rior surface. 34. The nethod as defined in claim
28, wher e(f%nqrﬁcé‘al 53@%9&' gh&emsnt is nmoved axially relative to a generally

stationary wedge .ring. . The nethod.as . defined i.n clalm erei.n the
wedge riny s Tovea Ol ol e preElenient and W iBrds fifo B Gdns SRRL:
el enent. 36. met hod as defined ipn claim28, further conprising: axially
spaci ng ttﬁ%%&%ﬁ!ﬂﬁ@'&qa & WRAORIEW: an upper netal rib and a |ower netal
rib. 37. The nethod as defined in claim36, wherein the upper netal rib is
initially sealing the first elastomeric seal body with the cylindrical surface;
and

thereafter sealing the second seal body with the cylindrical surface.

29. The method as defined in claim 28, further comprising:

supporting 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.

30. A method as defined in claim 29, wherein at least one of the first rib and

the second rib sealingly engages the sealing surface after the second seal body.

31. The method as defined in claim 28, further comprising:
- utilizing hydraulic forces due fo the sealing engagement of the first seal body
with the cylindrical surface to move the packer element with respect to the wedge
ring fo move the second seal body into sealing engagement with the interior

cylindrical surface.

32. The method as defined in claim 28, further comprising:




downwardly inclined and the lower netal rib is upwardly in?{inggzo . The
nmet hod as defined in claim28, further conprising: 21 Apri é@ -28-
~providing one or nore axially spaced protrusions on a radially inner
surface of the netal base each for netal-to-nmetal sealing engagenent wth
the conical outer surface of the wed@d-ring. 39. The nethod as defined in
claim28, wherein the tool is a well head assenbly with the interior

l'i ndri cal iy ' ' ' . ' h of
the first and ol nd Sersisl e B8l ond BFe b it KU B AN 21 o1
by th 41 .. def j ' L m 4 ' d
stal bodycrd ‘ST aeh gl MR Bynd shRBEsvTbrahEh B el e Bt 2150 %"

t hod defined,i | ai m.40, wh in th incl ud di.al |
Tt o PG B 8, G St BRI uB e ccona

|  bodies with t to t b [ t | t di ti
ABSTRACT SElclisasV B BT ARE BIZRHICD A seati ng system for ealing with a
generally cylindrical surface 52 of a tubular or another tool 50 includes
an annul ar packer el enent 10, a wedge ring 60

33. The method as defined in claim 28, further comprising:

positioning the first elastomeric seal body axially below the second seal
body, such that fluid pressure above the packer element acts downward on the first
seal body to sealingly engage the second seal body with the cylindrical interior

surface.

34. The method as defined in claim 28, wherein the packer element is

moved axially relative to a generally stationary wedge ring.

35. The method as defined in claim 28, wherein the wedge ring is moved

axially relative to a generally stationary packer element. '
36. A method as defined‘in claim 28, further comprising:
axially spacing the second seal body between an upper metal rib and a

lower metal rib.

37. The method as defined in claim 36, wherein the upper metal rib is

downwardly inclined and the lower metal rib is upwardly inclined.

38. The method as defined in claim 28, further comprising:




havi ng a substantially conical outer surface 62 configured g 2§b@i'y
expand the packer elenent, and a positioner 40 for noving

packer elenment and wedge ring relative to the other packer elenent and
wedge ring. The packer elenent 10 includes an first elastoneric seal body
20 axially supported on a first netal28ib 14 extending radially froma
nmetal base 12, and a second seal body 22 axially supported on a second

el 11D 16, R A itk M BB SR Rl S e ©
posi ) onet L VES,AR, CBUSR e L0 et Ry 20 Ak TR nionoe

engagenent tg\h‘f? the Backer el enment to the expanded di aneter sealing
posi ti on, OtRr quof wedgBHA9seal body 22 seal s against the cylindrical
surface. Figure 4

39. The method as defined in claim 28, wherein the tool is a wellhead

assembly with the interior cylindrical surface.

40. A method as defined in claim 28, wherein each of the first and second

seal bodies is axially fixed in at least one direction by the metal base.

41. A method as defined in claim 40, wherein the second seal body is

secured axially in both directions to the metal base.

42. A method as defined in claim 40, wherein the base includes radially
extending fingers to limit axial movement of each of the first and second seal

. bodies with respect to the base in at least one direction.






