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. fabubﬂ@éoﬁ"lehg)dhhww@aauﬁemrcal |
out er 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 ement
rel ative towhich wecgguicdto achits RVRitdl Seue 88@&vebh W wedlga! fivf ah@ thbe
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 radial 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




21 April 2006 -2- packer elenent, thereby radially expandigﬂ th? ﬂk@neterof
the packerelenent from an initial reduced dianmeter positi APB % expanded
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?gm%g,ﬁﬁﬁggi%gﬁh@ﬁ@gg‘aossﬁé&me A dbhufannﬁ&rsémlﬁg ngitiéﬁ.a| t he

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

a
t he coni cal or taper outer. aon .t [l .t I.ng
hanger. The pacl@g' ﬁagﬁ%k"%ﬁsiﬁm F'Bﬂa?‘ﬁ?'\l’lygﬁ%ﬁsr\d%%?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
packerel enent 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

i ncrease fluid pressure applied above the packer elenent through choke and
Kill 1ines. giddfhsed fHitflSprmasnt fokNW,685:968,25395,812, 5,110,144, 5,067,734,
4,911,245, 4,823,871, 4,771,832, and 4,719,971. |
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 dnll 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




t he packer element to further nove down the taper of the Wﬁﬂ%& L&@% ‘on the
casing hanger. After the packer elenent is fully set and top of
the casing 21 April 2006 -3- hanger, fluid pressure may be applied to test
the integrity of the packer elenent at the intended working pressure of the
wel | head system Conventional packer el enents have perforned reasonably
well in subsea systenms at nornal tenperatures to about 250F. In many

appl i cations, however, packer elenents are intended to seal at el evated

tenperat ur e%gﬂée?ﬁﬁﬁﬁésgurg%ybe é’ﬂ{!%o%’ & hne il gn g &erg ?%ﬁt I ons

subsequent eratirons nvent I ona erren
r el eal, at sustal ned terrperatures of

el astoneri c ,seal | es, cannot bl
350F or hi gi‘i '"teﬁld%gt%%mcf’ "Feuey PL&' s‘é%{ﬁ‘eﬂgéﬁ\@"have undesi r abl e
properties, such _as high thermal expansion, high conpression, hig

t enper at ure degr &88Y¢HIRNabARCKEE Glesmpts bave ﬁeffﬁfénfﬁﬁ @éﬁe@b!we@dw@ﬁesaonm
drilling and/or production fluids. Al so, conventional elastoneric seal

bodi es do neystesisiabbymsidampacdinestto abght 202§ s Un enayysappdioatmms yhgweodoc ed
frommany wells. If an all-nmetal packer elenment is used, the undesirable

properties @hcldielenadrts belerded toyedl dedlevidevRy@peratires 8f 860 g ighef, 0or an
all-nmetal radial set packer elenent to achieve an initial seal during the

fgt ting ope bﬁ&ic@\‘adY ! Huﬂ:r&; qu&fhkcﬁuk}ht 0fEBtiofX pe?iii'y%éé(@eﬁto & rd%ﬁﬂn% BB@rafﬁbﬂé‘ forces
quired to reliab brilng an all-netal radial set packer “elenent into
seal i ng eng%%ﬁggrﬂgona,\@a{c?(gyglemem&ﬂu?Sltasgm?lc s%af:g(?dlg@é/ann%& reliably seal at
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
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 ali-metal radial set
packer element into sealing eegagement. 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




be available due to limted drill pipe lengths in shallow yells @ye to the
di sadvant ages of the all-netal packer elenents, increased gﬁﬁﬁﬂgg %has been
pl aced during the past decade or nore to reduce the undesirable properties
of the elastoneric seal bodies. Wiile a change in the el astoneric seal
body material has 21 April 2006 -4- helped in sone applications, many
applications continue to use packer elegents wth elastoneric seal bodies,
and take other nmeasures to try to minimze the detrinmental properties of
those seal heledsn sdiie spbficdtions omaad upglidaiens beietiiuveabliee pRERRINdhestsOf

el astoneric material seal bodies in packer elenents has produced Ilimted

success, pa{}‘)ith%éét&!ﬁédb e BleSTRARG Ak BirRNFhQisuib Ity By 90 i ize e

appl i cations. e di sadvantages of the prior art are overcone
ter disclosed

present invention An | d sealing. systemds. herei naf
With a radi SPGB EEhertisy OERase SCaliedHieR e oR B e e g R
initiral seal with an first elastoneric seal . body, so that fluid pressure
forces may BEPE(ES &GNV BRI apdladies a%%?" elemsipinhag radusedxpanded
di ameter sealing position, wherein a second seal body and optionally one
or nore et bimited ssiccess, pariouldrly dbhigh eraperalure andlor higheressuracgprlinaltionsal
surface. 21 April 2006 -5 Sunmary of the Invention

The disadvantages of the prior art are overcome by the present invention.

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.




According to a first aspect of the present invention, there_ is Qr vi ded a
sealing systemfor sealing with a generally interior cyIingﬂfﬁﬁﬂzggiface of
a tubular or a tool, the sealing systemconprising: an axially extending
annul ar packer elenment including a netal base, and a first elastoneric
seal body spaced axially froma second seal body, the first seal body
havi ng an outer dianeter for initially sealing wth the cylindrical
surface, the second seal body having ah-elasticity |ower than the first
seal body, the annul ar packer el enent having a reduced dianeter initial

posi tion é?md an expanded .di aneter sealing position; a wedge ring radially
i nwar d of%ﬁéﬁ@ﬁ"—@ﬂgﬁ%nt and having a substantially conical outer

surface configured to radially expand the packer elenent to the expanded

seal i ng posi t iAeroidiae taxa dirst aspashwitthefprepentpavantioneteerenis pevidledve to the
wedge ring; and a positioner for noving one of the packer elenent and the
wedge ri rgpaling system foostdimgatitrea gehetdlig intedaratindricairsutfacnaf a ubuleedge ri ng,
the positioner initially sealing the first elastoneric seal body with the

cyl i ndri ctoohUhb de8ling 6ytéifli doenpridirdy: SRRy as®efingPiniule PickeeBleminyent i on,

there is provided a sealing systemfor sealing with a generally interior

cylindri ‘%ﬂ&u&f{{éfﬁ%‘?etgf bisd, WHY 8'rsf etggtgﬁérﬂc s%é?ngqoﬁgférﬁd&%ds ﬁ%ﬁ&ﬂ”@” si ng:

an axi al 'y extendi ng annul’ar pac g a ne ase, and a

Fi 1t Seateont eRLGvMG hh T sBal BreinEeans Hey O dimiely Soumialy St 1 ne

cylindrical surface, the second seal bodg/ formed fromone of a group

consi st i ngthothetgylindridahsufacsy the sepgnd|seatibedy gving aiplasticityaventhanitey, a

nmetal softer than
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




21 April 2006 -6 the netal of the base of the packer eleneni, %?§¢ I ron,

pl astic, and an elastoner having an elasticity |ower t hanZt B ; seal
body, the annul ar packer elenment having a reduced dianeter initial
position and an expanded di aneter sealing position; a wedge ring radially
I nward of the packer elenent and having a substantially conical outer
surface configured to radially expand the packer elenent to the expanded
seal i ng position upon axial rmovenment of-the packer element relative to the
wedge ring, such that the second seal body sealingly engages the _
cylindrical surface; and a_positioner for. novi.ng one of the packer elenent
Shd the edBerl Bhie Bk Py BR B0 Sime BRSt e SHatE: abY ErEARSEe®, he
wedge ring, the positioner initially sealing the first elastoneric seal
body wit havng eyl elasticity dowen thafe dhe firsiesqal lhadye thes eoRular askal elssfitipei ng
positioned axially below the second seal body, such that fluid pressure
above t hehapdrgker redusedndiachetert iitiad apasitipne agd gamendpandied tdiamseter osadilisgal body
with the cylindrical interior surface results in a downward force on the

packer el gdsith; t® WBYNR tritg p@qiglgr ilaaest tHeVwHeRee dlemeatldnaghyvingngage t he
second seal body with the cylindrical interior surface. According to a

Seal i ng. W R uALY S SEfEr o PUEE b & Rkl RaBehy B aciSFLloRbnk

seal ing w general'l'y interior cy _ _ or a tool,
ot MR 10k SUA LA Ao o SEAERC R WY GBRAE, e
axially frza!c;r’:?vg 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 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




second seal body, the first seal body having an outer dia g&.ﬁ&@
“initially sealing with the cylindrical surface, the secon 4 {gﬁy
having an el asticity lower than the first seal body, the annul ar packer

el ement having a reduced diameter initial 21 April 2006 -7 position and an
expanded di aneter sealing position; providing a wedge ring radially inward
of the packer elenent and having a substantially conical outer surface
“configured to radially expand the packér el ement to the expanded sealing
position upon axial nnvenent of the packer el ement relative to the wedge
ring, such that he seco eal  body.seal i nga | i ndrica

Sur Pace:  ERRRGRHG g SXEIHIED dReist SeaiEpetity PrAttda wedtba T Ik At i ve
to the other of the packer elenent and the wedge ring; initially seallng
the firstinwagsbribeirackenlelament and having acwsmlawcogl@ak suter siiflgee
thereafter sealing the second seal body wwth the cylindrical surface. In a
sui t abl e sartfigasediel fadiedy expphd te packer elemaeddbithg esyandac sHaling gosition

enbodi ments of the present invention seals between the generally interior

cylindri C?Lon aubf feRemient BEtHEEAdRERGIchishttrBRItVE 4@ the Wedlg@fring, saéh rathanger
positioned within the wellhead. The axially extending packer el ement

| ncl udes ﬁeféécgﬁd S84 b eaﬂ?#[g%héaﬂg#gﬁoghﬁgnﬁ? sfrf %bé Séndr\:ﬁﬁﬁhg bhB drseal

support) extending radi ase t'he first seal body

h t di t itial t
e P Reke SEBMENT Q?Q%wehaéatnsz%g%@?%ﬁ%W&iﬁ“%sﬁ% b ef Elerfent
supported

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.

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

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




on a second netal rib (seal support), with a second seal bg?y bﬁgﬂ%tforrred
froma tin alloy or other material having a |ower elasticit{PH he
first seal body. The wedge ring on the casing hanger has a substantially
conical outer surface configured to radially expand the packer el enent
froma reduced dianmeter. initial position to an expanded di aneter sealing
position. A positioner noves either the packer elenent or the wedge ring
relative to the other of the packer el&ment and 21 April 2006 -8 wedge
ring, such that the positioner causes the elastomeric first seal body to
initially seal with the interior.cylindric surface.. Que to the sealin
engagemeEe MPge SHeh S’Eats % PHY %‘?%Sﬁﬁg‘hse%??tﬂa‘eé'ﬁﬁjfa*cé‘?a'hG‘&% i C °
forces and/ or mechanical forces created by the hydraulic forces further
noves t hdnifalkseal evidhibet intgirion cylinslsipalcsurfaset H@evt@dé@ sealiyg enpagenait the
second seal body into sealing engagenent wth the interior cylindrical
surface. thé fitsis seadyodyydithuhe cselabing estirfaag, hydraulixe farses] ahd/or bmectynicad or
nore nmetal ribs into sealing engagenent with the cylindrical surface.

Enbodi menbgcesf creBRdPbeIRBt hydix@R! fdtBed BirtisroMoUSs ahés qRickad efnsdranivioh t h an
I nproved radi al set seal el’'enent which has an el astoneric seal body which

creat es | b 1AL yRFL 1Y IR 1 IeEBHy Ml BB sEhRERHaknicn?

expanded dianeter position, suc a second ower

Cet - down W1 (NG BATSEREo5 | OBt S frSSepr e P BRI el ement
to forman initial seal between the first elastoneric seal
bring one or more metal ribs into sealing engagement with the cylindrical surface.
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.




body and the cylindrical interior surface. In one subsea L1 he 2
application, the BOP nmay then be closed around the drillmgﬁﬁgnﬁ gg%ressure
applied through choke and kill lines to exert a hydraulic force on the
initially set packer element to nove the packer elenment to its expanded

di aneter sealing position. In another application, once the first

el astoneric seal body seals with the cylindrical interior surface, the BOP
may be closed and hydraulic force comirted by an intensifier to a
substanti al nechanical force to push the packer elenment to its expanded

di ameter sealing position 21 ri.| 2006 Enbodi nents of the present

i nvention may %‘?"gﬂ?g'ﬂ@"lt*’hﬁ{th&tprﬁ N, ”Hfaytﬂ’fé""dﬁd‘t’%te%t [ﬁésgd"oﬁk? ?ﬁB% t he
seal elenent to its fully expanded dianeter sealing position are exerted
by hydr auforesspusers de eneve dbe dseal talemenie telitastulyegxpanded | digmeler sedlingal |y
engages the cylindrical surface. The packer el enent may be noved to its
expanded pghsitioet fre S@dedrsy hyabaulid presbyrepoeatet cifienthd blasfomeric sdakdbodperi c
seal body bel ow t he second seal body, such that the first seal body

effectivqh;ﬁawg,l,gsa#égqhég@[r{dﬁgapg,ﬁﬁ%g; downward along the taper of the
wedge ring and to the expanded di aneter sealing position. The first

el astoneric s r LI t i ' ] 1 he
cylindrical g‘@]}ﬁ R’%gx%%reggéeﬁta&%gr Sgﬁéogg%&ﬁd@%eegxkgh@%@ cﬁ%gbﬁ?ge%&#%ged into
sealing engagenent with the_cylindrical surface. It is thus acceptable
that the BQSUON bepawieiing fhe @éﬁplaﬁwrwaxéeew@emm poRf 38R PO set ti ng
operation is conplete,

g such thatnﬁae 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.




provi ded that the disabled first seal body does not interfere w 5
performance of the second seal body. The packer el enent Ié |ded
with nmetal ribs which extend outwardly froma netal base, such that the
metal ribs support the seal bodies to prevent extrusion, and also may form
areliable netal-to-netal seal with the cylindrical surface after sealing
engagenent of the second seal body. A relatively | ow set-down wei ght may be
used to initially set the first elastbneric seal body, thereby avoiding

~ the cost and reliability problens associated wth using a high set-down

forces, which _may not be avalla le due to limted drill e Ien ths in
shal | ow wel | s. @{eﬂﬁ'}omefm?@ 03}5 mayhhave an fnital quiergdiame d@“?ﬂaiﬁ' dve an
initial outer diameter which is less than the internal cylindrical
surface, than tthevintemel pylinideicakseiane: saehatetigapackenelerognt may iengrge dhe ace
only after sone radi al expansion of the packer elenent due to axial

movenent @indrital pagkes orlyeafertsohed addiMeexpansibe ofetbg packeroeleieat pae ker
el enent may forma reliable high pressure seal for operating at a

termper at Ui Hovdind 88 incIRREPEILARALrdMeD Bie Glbesthhcal surface of a

tubul ar or another tool 'and a wedge ring radially inward of the packer

ot cause i oncoranEL SRR iy O plKASe RigPrbrkrSe 3eMIoh ARSI A £ [T,

packer el enent .
temperature of at least 350°F between an inner cylindrical surface of a tubular or

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 pécker element may be reliably used in high temperature applications of

350°F or more and/or in




- The sealing system may be used in-various applications, in g&j?gpﬁialing
between a cylindrical internal surface on a subsea well hea ) dge
"ring on a casing hanger, or between the internal cylindrical surface of a
surface wel |l head and a casing hanger, or between a casing and a |iner
hanger, or between a tubing hanger and a wel | head hanger. In each
application, an outer tubular is connectgd to the internal cylindrical
surface to be sealed which may be part of a tubular or another tool, such

as a wvel | hepdy gp.leva g t¥RI9e afd the%a&n@r %@Méw@é& 18t - usad:aJiky

expandthepck roma re uce arreter Initial p05|t|ontothe

expanded di seal i.n Qsi.tiqgn. The, we accordl n i

i nter connecggg (Wi'qrﬁ; f??é$ ‘@Hﬁh edfeéjr‘r'@?g% ‘? prgBe'ihﬁgt g‘f‘ﬁ% thc ker

el ement effectively forns a seal between the out er tubul ar and the inner
tubul ar. Thelaptasnasic ssabbedit is fgj ralied uppn 4p Mpiiai gerlinangRIPRABEANE PR
applications of 350F or nore and/or in 21 April 2006 -9- high pressure
appl i cat i onpackéir semartiés paeinded & dseerlinggoaditinn: Ths eeanndises! badyanapheri c
materi al s which have reduced undesirable properties, since the. elastoneric
seal body i@rmel froeh ivadoup amtérinlsrhianingi Nicvedleiasticignipagdhe fitst seakbddye

packer el ement is expanded to its sealing position. The second seal body

may be formeradfr{gqm \ﬁaramey§ MBE8 batar tﬁé’rYtH&nétai BARY oftha phatkéridlethBan the
first seal body, " including tin, tin alloys, nmetals softer than the netal

base of. t he-reP @5@%51% e Wmeric 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.




relatively hard elastoneric materials, and plastic materials. Th and
furtherobjects, features, and advantages of the present in@iﬁ"tﬂ“&)ﬁaﬁ% |1
beconme apparent fromthe followi ng detail ed description, wherein reference
is made to the figures in the acconpanying drawi ngs. 21 April 2006 -10

Brief Description of the Drawings Figure 1 illustrates an-annul ar packer
el enment according to the present inventjon supported on a positioner.
Figure 2 illustrates the packer el enent hoved into initial engagenent. with-

a cylindri lf'bnteri Lot rface . of a wellhead and the wedge ring of a
casi ng hangg&ﬁ%ﬂu@%ﬂﬁ@@%s t he packer el enment noved into position
such that the first seal body and the second seal body are in sealing
engagement wit h Figured| lpsieaies ap; anpularpackey slemant sceprdingatoxibe resenint

noved to its expanded dianmeter sealing position, with both the second seal
body and t hénvestien sypfgstedfort dpopitiokasr el ement in seal i ng engagement with
the interior cylindrical surface of the well head. 21 April 2006 - tt -

Det ai | ed Descri pFigoie Diilusatbe theqshdkabeidimemtmevéd oty mitik! igehfenewitiagker

el ement 10 having a connector body 38 with internal threads 42 for
engagement Wil iReAGH surficB ¥ a viih8Bd anB 8% We88ETing 8f a bising hanger.
Figure 3 illustrates the packer element moved into position such that the first
seat body and the second seal body are in sealing engagement with the welthead.
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.




t he di scl osed enbodi nent, the positioner 40 noves the pack | eL? t 10
axially dowward with respect to the stationary wedge ring 61 shown in
Figure 2, although alternatively the positioner may nove the wedge ring
axially with respect to a stationary packer elenent. Those skilled in the
art will appreciate that the positioner 40 may have a tubul ar body which
is mani pul ated or noved axially to noyg;the packer elenment 10 relative to
the wedge ring 60 to obtain an initial seal, as explained subsequently.

- Those skill %%té"!édtlﬁ@scﬁbﬁo%l‘ brAOPEEERRLAIdAE the positioner40 in the

subsea wel | head application may exert an axial force of 10,000 pounds or

nore on the pack A o[- 10 i 1, :hase 12
and netal fi ngerg{gélfé ﬁ?@éﬁ“ﬁ51%?@%#;%%"]%?3@2{1“@%%%bﬁ%&(?ra%?df{i@blgﬁt war d

fromthe base 12. In th igure 1 nbodi ment., the | owernost, rib

Suppor ts a fp@al Brerdsior BngRuRRe SRR trgads A7 SBCURS teRRUGrnseal

body 22 as shown is sandwi ched between an upper downwardly extending rib
18 and a | olks diggloasediembesimant. the pesiions 40unevesftheipackesraleraentd Giaxiallppl i ed
above the packer elenent, the elastoneric seal body 20 is supported on the
upwar dl y exdewdiwagi with ré§pedBdd hhe isthiofdryaweddes rindn 9, astshasmsiedligurbd]y
supports when pressure is fromabove, and a rib 18 acts as a seal body

support whegRsRFaietndtirelythepbsiionsr nidemses thd esiigethdayallyavith reBgectane
initial 21 April 2006 -12-yrdi§grret er of&feal body 22, but fpﬁgt en‘geages t he

cylindrical ¢ QlefdoAbnSHadidF LictfedtS Sfhose skilled in the art will appreciate that the

positioner 40 may have a tubular 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
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




Figure 2) due to the taper of the cone surface 62. Seal 9 5 homn
with an annul ar groove 24. One or both of the seal bodies ﬁé?ﬂé @ vi ded
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 astomeric or rubber-like material whigh has a high elasticity, while the
seal body 22 is formed froma tin or tin alloy which has a |ower

el asticity. | astic
seal body 2 Eﬂf‘etéﬂﬁ%eﬁ{ sealiﬁglrdsl? %%a%s)s ig%s(?/ y&@%’ M@‘?ggﬁ %?s(rseg
sealingly e i rior I|ndr|c S e annul ar
gr oove fornE@%[)%f)t‘h@ 0 tﬂsgaaqof%ec%% ‘irga %{,-.‘g%agbg gé 'Sa? 4%nd a
radi al thickness for receiving a |arge seal body 20 and 22 to brldge or
fill in anyagriflaicdraoye2¢nhOneprdath of Hgﬂ sadl Ppdigs may s prewidedwdth anpylar dept h
of the groove formed by the ribs 14, 16 and the base 12 is relatively

- deep, and napopediviidegease Hh mllmUemﬂseh&ng augsresnahdseghrotidel yoidiaireds fos  at

| east 70 percent, and preferably at |east 75 percent, of the annul ar gap

bet ween t hipefihi Sgahsioh ciliht aespadtide tdeal bedge I ngelied drilodanekess el enent
Is in the fully expanded position, as expl ai ned subsequently. The first

seal body 2&hairthFRjdry 1h8eal b%dpqél@lforﬁnlau%ﬁﬁéﬁas%@w‘c drﬁ?o%rer.i‘& :E’ﬁfe?ﬁf‘t of

the annul ar spaci ng between thé cylindrical surface and t he coni cal
A i e e LU gl
from convent) o fks Q‘?t“‘?‘érsemsst%é?tyh e Hiore elasiia seafbody 505t oL ! tlhle (s 0
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 formgd 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




-13- strength of 80 ksi (80,000 psi). If desired, the tip S e or
nore of the ribs 14, 16, 18 may be overlaid with a softerﬁﬂgﬁgﬁég&? whi ch
may have a yield strength of about 30 ksi. One or nobre grooves naybe cut
in the OD. of finger 14,16 or 18 to increase the nunber of netal surfaces
which are in netal-to-netal contact wwth the cylindrical sealing surface.
The material for the second body seal 2¢y_which may be a tin, a tin alloy,
| ead, lead alloy, indium indiumalloy, cast iron, or any other netal

softer than sfrgﬁﬁth%h}é Qﬁl(éﬁa,b@é g%lgsi?dé&redmf%;t&)i ét}hdg lof 88 6t ASkUTRhe MEY £4), as

expl ai ned above; has a [ower sticity 't at of the first seal ‘body

20. For so | i cations,, PEEK be,a. sui.t.abl e plastic erial for the
second seal 1ol ey B8 GRBRLEEH SRb Rt it By el = e Ty Ragfof
relatively soft conpared to the netal fingers, and greferably has a yield
strengt h | e3BOYI3GKshJORE PT MQFHIRPNES B‘raé(fb@r"g‘lBNheF% $OTRgRT 1B 1697 18dgcker

el emrent 10 as shown in Figure 1 thus seals against the cylindrical surface
52 of the welcréasedhsaumbeich metal seixfares wbishainanetatip-etabceniadtadgth the
subsurface wel | head, or may be an outer tubular, such as a casing, or may
be anot her cylindrical Bagliey stafamee Mhelibatsiabioo e setohd dode séalmy widet mat h t he
-wedge ring 60 which, in a subsea well head application, is a conponent of a

casi ng hanggé a il a fh hlldyeledAaRGEr alRPPINIAAS, | iddlumt AIRyPasd FoncbeaRp bingRy seal
bet ween the wedge ring of the |inef hanger and thé casing. To achi eve
seal ing enggaeieieMial tEQPoFﬁ’l%i fetal %é%faa@'p%ﬁefortzma R \jvﬂtg.h, 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
thé liner hanger andl 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 Mth a series of axially




60 as shown in Figure 2, the packer elenent 10 is provided _w.th ries of
axially 21 April 2006 -14- spaced protrusions 26, 28, 30, §£?W§%?b®£d 36
for providing redundant -netal -to- netal sealing engagenent with the wedge
-ring 60. If desired, one or nore elastoneric seals, such as Oring seal
46, may al so be provided for sealing engagenent between the base 12 of the
packer el enment and the surface 62 of thes_wedge ring. Figure 2 depicts the
packer el enent 10 wherein at | east the | ower nost protrusion 26 has engaged

the taper el liafGrddof' 2698 V88100, 41 Gnf BeAaflp ARy ing RlduhBadtmeigpgiicded the.

wedge ring astoneri rst seal IS nove I nto

seal i ng en ment. . Wwth th ca f ' nitial run-in,

t he packer gﬁéﬁ&ﬁl‘“%"@ﬁ%’%ﬁt hvgﬁj't g‘& é’gggéﬂgﬁyfﬂgo i Sgéﬂféeqfa eyoFlégorg

di anmeter less than that of  the nternal Ilndr Jéq surface. As previously
i ndi cat ed, FAHOMSHE e RHHRS ‘Gnﬂnﬁﬁ‘é’ R RSP edr@?’a??*\l‘@gto t he
wedge ring may be transmtted by a setting force or set down" force
appl i ed t hrenggigetiget pefvicendhe baa® 12 of w@@a@getm@ﬂemheeu@a@r@ afther the
wedge ring 60 and, for the enbodi nent discussed herein, to the packer

el enent 10 w@iﬁmnge 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

engagement with F’idl@e%’ﬂéﬂ@fs‘ el padKel A8@nent 1@%&&:@ ai%é?#@dhé?@benﬂﬂﬁv 22 may
still be spaced slightly from t he cylindrical surface 52. A predeterm ned
set down f % rtfusion 26 has engaged the tapered surface 62 on the wedge ring 60 and has

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




may, however, bring the |owernost rib 14 into engagenent ( htho gﬂ%‘li I kely
not sealing engagenent) with the surface 52, thereby sli g ng the
rib 14 toward the base 12, and providing a reliable indication to the
operator that the seal body 21 April 2006 -15- 20 is in sealing engagenent
with surface 52. When in the position as shown in Figure 2, fluid pressure
transmtted from above, e.g., by closingsthe BOP and thus increasing the
pressure between the wel | head 50 and t he wedge ring 60 above the sealing
el ement 10, 20%y il $euling>atigagamentiwith| sucfade wawewtled br ihe positibhasedhomdih 10 to
pull the packer elenment to the position as shown in Figure 3. Hydraulic

forces minme’@Z bRid pREshR FRYEniltBe frBﬂrPJﬂﬁfveeb YR clobMgIRe BOH akdhugr nore
of the protrusions on the base 12 are in sealing engagenent with the wedge

ring 60, angd _t f %‘]ﬂfa to
seal i ng con?‘gcetagﬁ]qqﬁgﬁ kegh?é?etg{egﬁ th P/@rl\ﬁr I cal surfac eg%al%fﬁ(?g V\tnblgl n
Figure 3. At I eas rt uI Ic forces actin h packer
el anent 10, seaifid aepra T ruaydfs Brerd YR pirverdigRaBhibe Petint enge
ring 60 until an exterior surface of the second seal body 22 sealingly -
engages t hetogguli thamasher eameatlo the nositiopas shomnte Figuse seydiauie forcast i al 1 y
sone | eakage past the second seal body 22 namy occur, so that pressure
~continues tmagdhupibetired owovedhe olpr 2emant fovae ﬂlhéMQ)aC kare glf dhent
further down the wedge ring and enhance seal i ng engagenent of the second
seal body 2ZoWubsibng ba thabssd T2 aeyihisedingcaigagenicateith e wedgbeing ®0paad seal
the outer diameter of the second seal body 22 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 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
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.




Body 22 is noved into sealing engagement with the surface ?rﬁ of. 1[2@%
wel | head assenbly, fluid pressure above the seal body 22 ﬁ‘pf’é) t he
packer element 10 further downward relative to the wedge ring 60. The
entire outer surface of seal Dody 22 as shown in Figure 3 need not
sealingly engage the cylindrical surface 52. 21 April 2006 -16- As shown in
Figure 3, the outer surfaces of each of 0ne support ribs 14 and 16 may be

i n physical contact. wi.th hut no et_in sealing engagenent with the surface
5. P Oneet haarryiB i 9 5 el F o apes SCoIS CArRGaHERS 1At (PR f ace
52 of the well| head assenbly, another enbodi ment relies upon fluid pressure
above the dedn physigalpontacywith byt aat yaiireseilingangagewant withethesudaee 82 ng

pi ston areas, produces a substantial downward force on the positioner 40

to force the packere ted sealitody @2fisintdved idioveralind endgayeerend frith lilee vedare ri ng
60. Thus hydraulic forces acting on the |ower seal body 20 may effectively

“pul 1" the padfeic WéiREBALssSHNM EHOEher dMMBRIIMBAEL Elids oRAERPHRuULS sedwd Dy

t he seal i ng engagenent of body 20 wth surface 52 acts on the intensifier

Lo produce 454 k) abuflo BRI [R8RFiorONER.1RLDSRTorhliBBRKSEaE] eTon

downward. A conbinati‘on o Ing and pushing force e used to

full t th Kk I . Th t of the f ired t th
ekt "ol onbi B Lo LR po R hER' odlid Bl o g e
Figure 4, will primarily depend upon the selected material for_the seal

body 22, aflerpttiRuriBendowy hamRgert e vedgr&ng &9- hEIURSIRYE fBKES of the

ri bs and
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 prdmary purpose for the ribs 14,16 and 18 is o 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




the interior cylindrical surface. The harder the materi al giibof%xéz, t he
nore force wll be required to press the packer elenent d o 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 mnimze the |ikelihood
of significant extrusion of the seal bHHy past the netal rib in response
‘to high fluid 21 April 2006 -17- pressure forces. A prjnmar ur,p.o of the
top rib 18 presseredaioes: & RIFRRY AHIRGSE qiithe topdi 1%6&905%”’%?\%" ERaNe ¢ he

seal body 22 downward during the initial setting operation, and to support
the seal boshal 2dyt#n apd de guesh the seabhodieRdownwapghdudng the igftishseltiegce
hydraulic forces are acting on the seal body 22 to further nove the packer

el ement dowgy&tgon, iahd iGs@iuttad sehidody22ivthepipesssureis fidnk bglawshdgadkhe upper
downwardly inclined rib 18. The conti nued downward novenentof the packer

el ement thugerepl bﬁcéﬂ%&l@ﬁﬁc fREIEAre ACAMEEH thé Gehiarely Iofltehap afivkitien as

shown in Figure 4, whichis its final o expanded seal ing position. In

h
hi . he e axi . 0. 32,
g4| anoggt :o':’)%?k@tF %@%égﬁ@ﬁ‘ﬁg'f#eitf?g%- ne E{%t sea!; [ %%“‘%’ﬂg?gién%tﬁ’eﬁ P ﬁgt he

tapered surface 62 of _thgﬁ@o%e orwedge ring 60. Once in this position, the
el ast omer i cdpmspwardlyingjipe ‘rst s'al body 20 may degrade due to the

previ ously di scussed properties of elastoneric pateri al ? but lre_l i.abl e
seal i ng The continued dowaward movementof the packer element thus resuits in the )

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 poéition as show’n in Figure 4. Also, once in its fully expanded sealing

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




engagenment is maintained due to the seal body 22 and, for &. F‘i e 4
enbodi ment, the netal -to-netal sealing engagenent of the t%B E€R4~or t he
ribs 14 and 16 with the cylindrical surface 52. Once in its final sealing
position as shown in Figure 4, the packer elenment 10 nmay be mechanically
| ocked to the wedge ring 60, so that flujid pressure above the set packer
:I emegt dmay b;a rel easeﬂ and the packer~ Hement maintained inits full y
xpanded position as shown in Figure 4. Also, once in.its.

seal ing pokintli@nyith fiee infqriar cyf h%‘l"falf’esé‘éﬂth‘ﬁé?;l?erfgttﬁl"ég'"g%b{%%??égﬁgdlegse
Its sealing 21 April 2006 -18- function with the interior cylindrical
surface, busedl bbdy 22 ipeowrin sealingiengagemenbwitivlie intedan CyiBey suifacendiy i n
seal i ng engagenent with the interior cylindrical surface. In one

appl i cat i ongnd Beplicaren, Bk taper vethgeweige 6 60eyay sop Iyeder hetlnwetamwdr nost
portion of the packer elenent 10 when in its fully expanded position,

al t hough p{/)m&{tiﬁﬁ?ﬁletﬁ(e @B@k&f egéméﬁt qBSwith imhs @Y Hpandéd positiom, sitwligng

engagenent apered surface of the wedge ring. Protrusions 26 and

28 thus need potnine SPRIGETa6Y33 1 PSS 6 i bGP cRladdifortofians | Ng

when the pabie&™@ Pt ful Ty expan sealing position, since

seal i ng engiepersshpuacenot R e G- chrousireao o A b BB 57,
the art wll _appr eciate that the packer el enent of E he present .

supported by the tapered surface of the wedge ring when he packer etement is in

ité fully expanded sealing position, since the seal body 24 rather than the seal body

20 is relied upon fo 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 aninner tubular is connected

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




invention thus provides a highly reliable .hi'gh pressure ang f:or.J 2@%; '
tenperature seal, which may be actuated with a relatively f ni cal

setting force supplied to the tool positioner, w.th hydraulic forces
created by the seal body 20 then producing the forces required to nove the
packer elenment fromthe initial reduced dianmeter position to its expanded
seal ing position. The packer elenent 10.@nd the sealing systemof the
present invention nmay thus be used between a casi ng hanger and a well head,

or may be used between a |iner h I NG OF ] N any
ot her appl i EXPF¥H 8?@"5#%“?&F%§&g§§§ﬁé %5&?@9&@§¢°ﬁggggxﬁgﬁFﬁﬁgﬂ%§| i nner
surface which is intended to be a sealing surface, and an inner tubular is
connected ©bthe PRKGE clamrpt fpiREYe fx eawgg%%f‘%t ﬁﬁfe BT HNS RAVPUS BFf ace
configured to radially 21 April 2006 -19- expand the packer elenment to the
expanded seaitercgnpested with arpwreafitulangod thaset gackeseloaeniieliale seals
relative to the wedge ring. The wedge ring nmay thus be interconnected with
an inner tubgivasen ihedutdnéutrddr paickerinredréuntarisr. rel i ably seals between the
outer tubular and the inner tubular. It will be understood by those skilled

in the art that fQa S50k SRBE b?gﬁ@éb siamsti FaBe bithrgt the emboanhaitshawd

various other nodifications may be nade in the practice of the invention.

Accor di ngly . BB &fiRGs BBl BHEVLHAR SBHIBdBatdRARES baGHadOin he! ude

such nodi fi cati1ons ich spirit of the invention. 21 Apri
2006 i)ractice of the invention. Accordingly, the scope of the invention should be

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




-20 What is clainmed is: 1. A sealing systemfor sealing mﬁég a. rally
interior cylindrical surface of a tubular or a tool, the éPPE%ﬂgysten1
conprising: an axially extendi ng annul ar packer el enment including a netal
base, and a first elastoneric seal body spaced axially froma second sea
body, the first seal body having an-@gt-er dianmeter for initially sealing
with the cylindrical surface, the second seal body having an elasticity

| ower tha i .seal body, the annular packer el enment having a
reduced 3&&%@?&&5"{;‘%6 ‘al position and an expanded dianeter sealing

position; a wedge ring radially ipward, of the packer elenent, and haying a
Debstant ai 1y bonpealPS Bl torealiE g otEabib s PR b et B e
packer el epren to the expapded sealin osition upon axial novenent of the
packer el%m[arofélt‘&{‘]iW@%@H‘F%EV%'HQ@"?WE&QQM a positioner for noving one
of the packer element and the wedge ring relative to the other of, the
packer el ementarha¥alnexigading annylar Ragkepelemeng fstuding,aimalal ba%eemdr@ t he
first elastoneric seal body with the cylindrical surface. 2. The sealing
syst em adirgletippiomeric seahibaty spaprd axiallyfgral sacondseak bady the firstheeakeal i ng
engagenment of the first seal body with the cylindrical surface further
nove t he slykkavirg snenterdiametasJorindtiadly seatingwaithdheioytindrisabsuriace, ke second
seal body into sealing engagenent with the interior cylindrical surface.
' 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;
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,




3. The sealing systemas defined in claim1, wherein the s fggd %ﬁ%l body
is formed fromone of a group consisting of tin, tin allog, 85 , | ead
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 astomer having a substantially |ower elasticity than the
first seal body. 4. The sealing systemas defined in claim1l1, wherein the

body, sudlFaed e GopeBet il SUb BRI Tivsr clelfbhtiehdfe SRR T The

packer el ement downward to sealingly engage the second seal body with the
cylindri 99 nterior surface. 5. The seal i ng systemas defined in claiml,
wherein the positioner noves the packer elenment axially relative to a
generally stationary wedge ring. 6. The sealing systemas defined in claim
1, wherein the positioner noves the wedge ring axially relative to a
general | y st at4- o W%@@k%t%’ﬂéﬁe@ﬁﬁne‘ﬂ.'nm“‘sga}/ﬁhﬁb@'%w &irpt plasterered in
claiml1, further conprising: the first seal body axially supported on a
first netssal body iextostighad axialy deloy therssgoad sealdiodyasech thatiflyid Presssiohd seal
body axially supported on a second netal rib extending radially fromthe
met al basabov8.thd@ packeragliemgné pstsclon @dl dhef pavkdr elenendi downwanth éo sealingly | east
one of the first

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.




rib and the second rib sealingly engages the cylindrical mieri_ [ _surface
after the. second seal body. 21 April 2006 -22- 9. The seal ﬁ‘é’ %Q%m as
defined in claim1l1, wherein the second seal body is spaced axially between
an upper netal rib and a lower netal rib. 10. The sealing assenbly as
defined in claim9, wherein the upper-apetal rib is dowwardly inclined, and
the lower netal rib is upwardly inclined. 11. The seal i ng system as defined

[ laim1, th d d I t

ext ondi ng 7 adi B T TP SHCB0 2 Calinerap HBr o Be.netodd Pabety Fonar d
th tal b 1 I t f d I 1, furth
coﬁp??s?n@aagﬁ@x@ﬁyﬁﬁﬂge%%:’ﬁ’% ﬁ%@@@g BP%? ?J‘I”ggrcem?{agﬁgaalr ;.ndl al | ;rl n(raurar
surface of the netal base each for metal -to-netal sealing engagenent with

t he substantially conical outer surface of the wedge ring. 13. The sealing
system as defi ned in claim212, further conprising: one or nore annul ar

el astoneric se IWWBQ%S(?TBPWS’?@aFIQfWde@PI%E@ M@remﬂﬁeupwgee@habthe
coni cal outer surface of the wedge ring. 14. The sealing systemas defined
in clai migdownweedly indieed.enid the lawaren ¢tabakiisaqyeardlyynalined. t he interi or
cylindrical surface. 15. A nethod as defined in claim1, wherein each of
the first and second

11. The sealing system as defined in claim 1, wherein the second seal body
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.




seal bodies is axially fixed in at |east one direction by ?2im?% base.
21 April 2006 -23- 16. A nethod as defined in claim 15, whéré&Pt second
seal body is secured axially in both directions to the netal base. 17. A
met hod as defined in claim15, wherein the base includes radially
extending fingers to limt axial novermsnt of each of the first and second
seal bodies with respect to the base in at |east one direction. 18. A

seal i ng syste of sealin i t.h a.general Ly interi cylindri.cal face
of & {ubular ol L BEou T Yeliled i S any wb Rl o otahd kb begd 5 andi ng
annul ar packer, el. nt hcluding a nmetal base, and a first elastoneric
seal bodySSSHE% '%Eﬁﬁbpb‘&F%%Pﬂgg%gﬁﬂaeéﬁg?ﬁﬁody, the first seal body
having an outer diameter for initially sealing with the cylindrical
surface, the second seal body forned fromone of a group consisting of
tin, tin alloy, lead, lead alloy, inmlﬂg I ndium al |l oy, a netal softer
than the netal1%fAthethedss S‘Pﬁ"teﬁélrbﬁ'@l@ﬂ . avhgrging thechage inchidesgiediglly c,  and
an el astoner having an elasticity lower than the first seal body, the
annul ar pederding[fisgerst tohlimitngxial meyawent of aasheof thei tinshiangdosgaongnseahnd an
expanded di aneter sealing position; a wedge ring radially inward of the

. packer el lothes witin tespeci todhe baselnsatdeastainedireotidrcal out er surface confi gured

to radially expand the packer elenment to the expanded sealing position
upon axi al nmovenent of the packer el enent

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
cyﬁndﬁcalsuﬁace;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




relative to the wedge ring, such that the second seal bodyziealjggéﬁl
engages the cylindrical surface; and a positioner for novi pé'ﬂ t he
packer element and the wedge ring relative to the other of the packer

el enent and the wedge ring, the positioner initially sealing the first

el astoneric seal body with the cylindri4gcal surface, the first 21 April 2006
-24- elastoneric seal body being positioned axially bel ow the second seal

body, suc - fl ui r r bove th ker.. el ement due, to sealing
engagensrasPiic'sedl Bofly BERY SR v ESEF R cetel sPHE o PEBYr T ace
results i downward fqrce on the packer, el epent to nove the p er
oot diah MRS e oG R s i Risealid BdRpmam ks
cylindrical interjor, surface. 19. The seali system as, defin in claim
18, furt h%%coeaﬁs?ﬂ kadygrith ﬁ@ ‘?W"F‘i’fcal E‘&?”%@Hﬂggﬁ f‘%/ﬁulﬁfﬁ '%HGSW@E? g’r‘ic%o'? i rst
metal rib extending radially froma netal base; and the second seal body
axi al |y stippeckerelement oonaMe thropagker elenesatdownigrd t geafinoly ¢naswetthe net al
base. 20. The sealing systemas defined in claim 19, wherein at |east one
of the f99cendspal hosy wiketheaybindrioal inteionisuifgte: engages the sealing surface
after the second seal body. 21. The sealing systemas defined in claim18,
wherein the tool positioner

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.




noves the packer elenment axially relative to a generally S?ﬁt'or@@% wedge
ring. 22. The sealing systemas defined in claim18, where cond
seal body is spaced axially between an upper netal rib and a | ower netal
rib. 23. The sealing assenbly as defined in claim22, wherein the upper
metal rib is dowmwardly inclined and-t¥3%e | ower netal rib is upwardly
inclined. 21 April 2006 -25- 24. The sealing systemas defined in claim 18,

further CO”D“@*WQW%%S? ﬁgﬁeasad(éfﬁ] %{nagﬂ.ﬁe?arﬂ{rm%w aﬁlrgn naradially

i nner surface ase each sedl i ng engagenent

with the conic L Ng, efi ned
in claiml1l8, & gr&]ﬁc&gcﬁéltyagiac%g érgﬁu%\ﬁgg Oélc%r{gd@égl'nr%g%%k%gg ;tmgal |y
fixed in at as i rec t he nmetal base. met hod as defi ned
ol a m'fg’fa' 3&?@%% i Belamatal ST GuoaBtine gt e Roneal oieh

di rections E?gg'l base 27. A nethod as defined in claim25, wherein
the base ¥ ‘?‘é(ﬁ §9- extending fingers to linit axial noverment of
each of the first and second seal bodies with respect to the base of at

| east one direction. 28. A nethod of sealing with generally interior
cylindrical surface of a tubular or a tool, the method conprising:

provi di ng an a38-& F}Bﬂéfékd andiefigedimopin 18awhereialeashef the) §rsi@nd gesonet al

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




base, and a first elastonmeric seal body spaced axially frogk %? sea
body, the first seal body having an outer dianeter for ini D y seal ing
with the cylindrical surface, the second seal body having an elasticity

| ower than the first seal body, the annular packer elenent having a
reduced dianeter initial position and2&r expanded dianeter sealing
position; providing a wedge ring radially inward of the packer elenent and

having a 1osasbaiigh! doahf! RidiHLBon SHAIAGBERBAL BRI pelkérdichidny expand

t he packer ele Aprr to the expanded seal ing position upon

axi al n.glsfﬁ% 8t Q%dgg %glsﬁlzr‘?[ﬁ’?a{tthe s%lﬁartrd \ég It tS’o a}ﬁﬁg% rgdcéggs ghelch that

t he seco seal bod y engages t and novi ng

one of the and the wedge ring reI atlve to the other of the
packer elcé/ aiﬁd'%‘f?n%\aédge ring; initially sealing the first elastoneric

seal body vvrththec | indrical face; d thereafter, _seali he second
seal body wi t HMPHBI QPF 9 ﬁg}% pagke gﬁhréeeﬁang e‘f’ﬁgg‘?rﬂf'%fi%lag\éea'ﬁetﬁgﬁb?f i%h claim
28, further %rlsm por the first seal body on a first metal rib

ext endi ndhg RarF |esrerr1? e H‘Qe and supporting the second seal body

on a second netal rib extendr ntg radi a
initially sealing the firs e[astomerrc 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 te move the second seal body into sealing engagement with the interior

cylindrical surface.

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




fromthe netal base. 30. A nethod as defined in claim?29, i?%iﬂ@ﬁ% | east
one of the first rib and the second rib sealingly engages ePles 1'ng
~surface after the second seal body. 31. The nethod as defined in claim 28,
further conprising: utilizing hydraulic forces due to the sealing
engagenent of the first seal body w-tffi-the cylindrical surface to nove the
packer elenent with respect to the wedge ring to nove the second seal body

. i . . : Ui . - ' Th

ot hod as. def {aAPE e petbrebsbet Bolip Bl Ghe of ¥ ordlif bdiRicyRllar B, ey, e

f ' th . f [.Sti L0, fti

al 1 oy, 1 o BEE ey By, R SoRaR el et Baf A e o kR ol e
tal of the b f th k I t, t i | astjc,.

ol aat onerMAPRRS ASRERL BRI PRSToER SrLPESPMEr PP A e P PL P EEa

body. 33. The,. netho ?.s defjned in claim 28, further conprising:

posi t i oni FlgStcHe tan 8e TEstseabbRMY ¢ seal body axially bel ow the second seal

body, such that fluid pressure above the packer el enent acts downward on

the first seal body to sealingly engage the second seal body with the

cylindrical interior surface. 34. The nethod as defined in claim 28,
wher ei n t he patkdhesnethedasidefined 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:




noved axially relative to a generally stationary wedge rin% ;?512§@§ met hod
as defined in claim28, wherein the wedge ring is noved axiall§1r tive to
a generally stationary packer elenent. 36. A nethod as defined in claim?28,
further conprising: axially spacing the second seal body between an upper
metal rib and a |lower netal rib. 37.-28he nethod as defined in claim 36,
wherein the upper netal rib is dowwardly inclined and the Iower netal rib

is upwardly ingli i i.n..cl ai r
conpri si ng: 215'{29\8@% Q'g%Qr %‘? ggiagggﬁg‘?]eg‘{j@fr‘n’?agg’”ﬁo%ﬁ‘ eé %(4@&%9”%‘3%%@ ©
protrusions.,on a.radially inner rface of the netal base.each for.

et al - t o- At s MeEl sy efghun R TiFel eodD; Sae0em L LI ETR ¢ he
wedge ring.. 39. The thod as defined in claim28, wherein the tool is a
wel | head g@?@%ﬁ‘f}e\ﬁft e WMREIF A8ri or cylindrical surface. 40. A nethod as
defined in claim28, wherein each of the first and second seal bodies is
axially fixed in at |east one direction by the netal base. 41. A nethod as
defined in claim40, wherein the second seal body is secured axially in
bot h di rect i ond%+t bhe Hiaethped ;as Pgleed 4p claimngdnhviherain dbe itaeldisi a welkhead4o,

wherein the base includes radially
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.




“extending fingers to limt axial novenment of each of the f&{iéﬁﬁﬂﬂmsecond
seal bodies with respect to the base in at | east one direction.

ABSTRACT SEALI NG SYSTEM AND METHOD A seating systemfor sealing with a
generally cylindrical surface 52 of a tubular or another tool 50 includes
an annul ar packer elenent 10, a wedge ring 60 having a substantially

coni cal outer surface 62 configured to radially expand the packer el enent,
and a positioner 40 for noving one of t4e packer el enment and . wedge ring

relative to the other packer elemen, dge ring. The packer elenent 10
includes an first elastoneric seal axially supported on a first

metal rib 14 extending radigdidyiNg @RFrEe D hasgiolk?, and a second seal
body 22 axially supported on a second nmetal rib 16. The second seal body
22 has an el aptégdling dysten fohsoalinhatittos ddnerdiiyrcytindrizal stdabe 52ofar di ng to
the nethod of the invention, the positioner is noved to cause the first

seal body t@lénﬁ}r%@kﬂ&%d 50GRARER Ak dpadkd CAdmant fraveddR ing)edr aul i c

forces due to at sealing engagenent then nove the packer elenment to the
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packer element, and a positioner 40. for moving one of the packer element and

wedge ring relative to the other packer element and wedge ring. The packer
element 10 includes aﬁ first elastomeric seat body 20 axially supported on a first
metal rib 14 extending radially from a metal base 12. and a second seal body 22
axially supported on a second metal rib 16. The second seal body 22 has an
elasticity lower than that of the first seal body. According to the method of the
in\l.fention, the positioner is moved to cause the first seal body 20 to sealingly
engage the cylindrical surface, and hydraulic forces due to that sealing engagement
then move the packer element to the expanded diameter sealing position, in which

. the second seal body 22 seals against the cylindrical sutface.

Figure 4




