"9 Qctober 2006 1 5 SPLIT CARRI ER ANNULUS SEAL ASSEMBLY FOR WELLHEAD
"SYSTEMS Rel ated Case 10 This application clainms priority 99ocwhts2806Seri al
No. 60/372,399 filed on April 12, 2002, and entitled "Downhol e Radi al Set
Packer El enent", hereby incorporated by reference. Field of the Invention
15 The present invention relates to tHe well head systemw th an annul us
seal assenbly and, nore particularly, relates to a spit carrier annul us

seal assenbly suitghl u I d housing and a
caskng hanger . Bac%&#@ﬁh@kﬁié Fﬁ ﬁgﬁ%é@ggﬁtﬁgea wel | head system
an annul us seal assenbly may sea LEHES bet ween the wel | head housi ng

and the ?f é e casing hanger. This seal (or seal assenbly) is
conventi o €in with a running tool, which also runs and |ands the
caS|ng hanger._The r

tolbe set and THER ﬁ%@r}@g’gcél%lpgg%xf gf#a@ Pié@gp@%gggggh%@%}usgg he seal

pressure at or_bel ow the worki ressure of the wel | head system Annul us
seal assembfil t% B@Weaﬁ‘éPPW@%QW&ER‘P'@R@%@&%&’%@] Hement'harels at nor nal
tenperatures of 250 degrees F. or bel ow. However, it has becone desirable
to have siiserpasated hydefesensaat el evated tenperature of 350 degrees F. or
hi gher, i.e., during high tenperature production operations. Such 30 seals
are di ffiﬁtﬂﬁﬂlﬁ@dﬂﬁ@ﬁmsi ng nornal el astomers for sealing integrity.

Using an "all-nmetal' design for.the annul us seal assenbly, the undesirable
aspects of The present invention relates to the wellhead system with an annuius seal

assembly and, more particularly, relates to a spit carrier annulus seal assembly
suitable for use between a subsea wellhead housing and a casing hanger.

Background of the invention

20 In a subsea wellhead system, an annulus seal assembly may seal the
annulus between the wellhead housing and the OD of the casing hanger. This
seal {or seal assembly) is conventionally run in with a running tool, which also
runs and lands the casing hanger. The running tool may be manipulated so as
to cause the seal to be set and then tested, typically from a pressure above to a

25 pressure at or below the working pressure of the wellhead system.

Annulus seal assemblies have performed well in subsea wellhead
systems at normal temperatures of 250 degrees F. or below. However, it has
become desirable to have such seals perform at elevated temperature of 350
degrees F. or higher, i.e., during high temperature production operations. Such

30 seals are difficult to design using normal elastomers for sealing integrity. Using
an ‘all-metal’ design for the annulus seal assembly, the undesirable aspects of

the elastomer are eliminated, such as thermal expansion properties, hydrostatic




the el astoner are elimnated, such as thernmal expansion properties,
hydrostatic 9 October 2006 -2 conpression properties, hlmcto@tﬁéﬁﬁture
degradati on properties and degradation in the presence of
drilling/production fluids. The all-netal properties are particularly
needed during production operations,(as conpared to the drilling phase)
where high tenperatures m ght be present downhole for extended tine

peri ods. The di sadvantages of the prior art were overcone by the present

i nventi Oébm@la@s.aﬁ g{%r@éfdses%@gg@géﬁagaf@a gyrwéuov.ﬁﬂoeféh.@s sHgsea wel | head

system 1s el n unmar nventi on According to a

Pirst as@é?%&%ﬁ{on ﬁﬁw%r%ﬁb‘g df'&\ﬁ@ﬁé/lp%hugh&‘?ﬁ&dé Sl'h%réﬁm;gﬁgpl%ﬁeﬁ%@ assenbl y

for seal ween an an i nner Seal assenbly

st S‘Sé'f " BT peBR ?ﬁf&ﬁ?ﬂfaﬁéttbﬂ"rﬂ%@mﬁﬁ i (el Padyl :”S'eg?
annal ar RFR AL efv“'éﬁ‘se%ﬂgﬁf%%és S breeil Sonfis o %%%Qﬁﬁﬂ@ﬁr end surf ace

on the anot her body, such that the seal ring may be positioned axially

bet ween PG 8 of the one or nore stops on the netal seal body and the

ther body _d | ect i t of the anoth dy and th |
body: and_oneT 1 SR GadEe qi@%ﬁﬁ%&rﬁ%&m‘f’%@%@vﬁﬁ?P%@ﬂﬁnyoﬁE of the

out er nenber. and i nner eing. axially novable rel ative to the other
o the. SBUEiods ENHA) THREPVER REkRETEY r S YA PSRN S AHSEEh | asserbly
radi al |y, o a set I ti According to a second aspect of the present

i nvent i df/ efeﬂ'é"i‘ |‘£‘5°§?5891 ded

Summarv of the Invention

According to a first aspect of the present invention, there is provided a
seal assembly for sealing between an outer member and an inner member, the
seal assembly comprising: a metal seal body including one or more radially
extending stops; another body selectively secured to the metal seal body; a
seal ring for sealing with one of the outer member and inner member and in an
annular groove defined by one of the one or more stops and an end surface on
the another body, such that the seal ring may be positioned axially between
one of the one or more stops on the metal seal body and the another body
during selective securement of the another body and the seal body; and one of
the seal assembly and a tapel_'ed surface on one of the outer member and inner
member being axially movable relative to the other of the seal assembly and
the tapered surface for moving the seal assembly radially to a set position.
According to a second aspect of the present invention, there is provided
a seal assembly for sealing between, a housing and a tubular hanger within the
housing, the seal assembly comprising: a metal seal body including one or
more radially extending metal fingers; the tubular hanger including a tapered

-surface on its radially outer surface; another body selectively secured to the




a seal assenbly for sealing between, a housing and a tubular hanger within
the housing, the seal assenbly conprising: a netal seal %Qdybér@80audi ng one
or nore radially extending netal fingers; the tubular hanger including a
tapered surface on its radially outer surface; another body selectively
secured to the 9 Cctober 2006 2a gg%p] seal body, the another body

I ncl udi ng another radially extended Tfinger; a seal ring axially between
one of the one or nore netal fingers and the another finger for sealing

wi t h t hemBeilisédl Bod§URB ahbtber bBEy FRAldiNg AtbtAdyrabRllpesgichtied 8Agerbgt ween one of
the one or nore netal fingers and the another finger during assenbly of

t he sealseaaddrgrbkially betsveenenefofttine ose al mass areld| fingeard dridaheapethed surf ace
being axially novable with respect to the other of the seal assenmbly and
t he tapefir@@réﬁrspal'ﬂg with theohousing, isecis that thessealing maydbepositiongda set
It - A di t third t of tf t. i t.i , th [
o ovi dodPeHERRPA B B S o Mare e BE et sl R QEIGR GUEPS and an | nner
Tember, LR 6 Y seBr ALEMO aRa $i8lor RS SR b MaTnERiegeal Dody
e Tad all me [ selec

“including one” or nor y extending a gers,; ively

secur i ngs MRk MRinglehily thévhbld Wah PBdrct RARL JBRNGF tHOSEl hesémBlya seal ring
axially between the netal seal body and the another body during assenbly

of the. saalthessmered gurfaceofor diovingathe seahadsembhedialyitakl set ppsitied bet ween t wo
of the netal fingers on the netal seal body; thereafter positioning the
seal assenbl yAtserdiegto 2 Hirdoasnect althb eresend invention. there isrpravisied aand novi ng

one of the, seal _assenbl nd a tapered surface  axjally in response to
fluid pr'@@@@ﬁé’fgﬁm?ﬁéaﬁ?ﬁ\‘ﬁﬁ%ﬂ agé’&ierﬂ'%q"ﬁ?‘?r\ﬂé’dt%‘ mﬁgr%\e " of the seal

o) el RGBSR B oL B R 2

seal s or more radially extending metal fingers; selectively securing another body with
the metal seal body; positioning a seal ring axially between the metal seal body
and the another body during assembly of the seal assembly; providing an
annular seal axially spaced between two of the metal fingers on the metal seal
body; thereafter positioning the seal assembly between the outer member and
the inner member; and moving one of the seal assembly and a tapered surface
axially in response to fluid pressure above the annular seal relative to the other
of the seal assembly and the tapered surface to apply a setting force to set the
annular seal prior to setting the seal ring, such that the seal assembly seals
between the outer member and the inner member.

According to a fourth aspect of the present invention, there is provided a
seal assembly for sealing between an outer member and an inner member, one
of the outer member and the inner member having a tapered surface, the seal
assembly comprising: a seal body including one or more radially extending
fingers; another body selectively secured to the seal body; a seal ring sealing
with one of the outer member and inner member and in an annular groove

defined by one of the one or mbre fingers on the seal body and an end surface




bet ween the outer nenber and the inner nenber. According to a fourth aspect
of the present invention, there is provided a seal assefPstobas208®al i ng
bet ween an outer menber and an inner nenber, one of the outer nmenber and

t he inner nenber having a tapered surface, the seal assenbly conprising: a
seal body including one or nore radjally extending fingers; another body
selectively secured to the seal bodf, a seal ring sealing wth one of the
outer nmenber and inner nenber and in an annul ar groove defined by one of

the one & thelindtHdrBBaY s thiens S8kl seaBg Ip%@.ntn%ﬂgd akiafPeawaelCt ober 2006

2b_ on the another Dbody, such that th ng may be positioned axially

bet ween thlvpe@fehedding bemorehimgerson end sarg @ody and theassthbr ogyy and t he
anot her body during assenbly of the seal assenbly; one of the seal

assenbl yduiing assemblyxgpfdhe dealiasbamblyh ehe of thei ssial gssemiipbad thd ative to the
other of the seal assenbly and the tapered surface for noving the seal
assenbl yiapergd surface Beingsadally sagvaplayelatiyg do Hhe ethaurbine seal assgibhy a

SEREEY NG e
rESponsarfo‘ﬁ{f éhﬁlﬁarpéﬁﬁé'v:ﬁ %H%Y%tukﬁ?g:%%?ér tﬁé’r?ﬁfé‘i’bf’the’%“e%Pﬁr‘iB&%to a fifth

aspect e present |nve ti1on provi ded seal™ assenbly for

seal i ng dritenes oAthe etallolR Tosealing with tlhélﬂﬁé oﬁﬂ@@ﬁer hBfMbesgAad assenbly
conpr|3|ng a seal body including one or nore radially extending fingers,

| eastinueranembehia respgeedo flsidepressure abovs thel sealiatsemablyi al ring having an
end for sealing with one of the outer nenber and inner nenber; another body
sel ectivel y J¥Egrdigg o2 fﬁ@a%%ﬁtOﬁﬂwpréﬁwtllﬂﬁfﬂeﬂn@e%'sd}ﬁ@ﬂmabody radially

ext endi HS%II nger,; ? seal seal i wi th one (?f t he outer rrt%rrber and
i-nner al assemBly for sealing e een ano er member and an inner mem

seal assembly comprising: a seal body including one or more radially extending
fingers, at least one of the fingers is a continuous circumferential ring having an
end for sealing with one of the outer member and inner member; another body
selectively secured to the seal body and including an another body radially
extending finger; a seal ring sealing with one of the outer member and inner
member and axially between one of the one or more fingers on the seal body
-and the extending finger on the another body, such that the seal ring may be
positioned axially between one of the one or more fingers on the seal body and
. the finger on the another body during assembly of the seal assembly; an
annular seal positioned on cone of the seal body and the another body for
sealing with the one of the outer member and the inner member prior to sealing
of the seal ring with the one of the outer member and the inner member; one or
more annular bumps on the seal body for sealing with the other of the outer
member and inner member; and one of the seal assembly and a tapered
surface being axially movable relative to the other of the seal assembly and the

tapered surface for moving the seal assembly radially to a set position.




menber and axially between one of the one or nore fingers on the seal body
and the extending finger on the another body, such that tHecteeal2006 ng may
be positioned axially between one of the one or nore fingers on the seal
body and the finger on the anot her body during assenbly of the seal
assenbly; an annular seal positioned on one of the seal body and the
another body for sealing with the 6he of the outer nember and the inner
menber prior to sealing of the seal ring with the one of the outer nenber

and the innerp ﬁ@d;& r%rwé R!'EF@ dy for
sealing with t ﬁﬁ’togo%?dpﬁgpéoﬂgltbg =l an a?ﬁﬂgﬁﬁgﬁﬁ%e&gnd one of

t he seal sgf aesdthblyddrscalin@ PefvRen aﬁwﬁt@ﬁmehﬂjdﬁﬁnaéhaﬁﬁer ni@vibé, ¢ha el ative to
t he other of the seal assenbly and the tapered surface for noving the seal
assenbl yseahdssérblytcomprisiag: g ositali seal bedydothiding Gt@08 moregadidy ording to a

si xth aspect of the present invention, there is provided a seal assenbl y

f or - seal Priendiag ﬁé@ﬁsaﬁmﬂ@@oww@!ﬁéeﬁweﬂﬁﬂé‘?e saalbedy: atﬁ'@ alseal assenbly
t t endi

Fner <. SEHBPaare YR el hoaferdnehPenars FrEmeatrAORA ¥ metal . seal

ring Seaéﬁrﬂﬂa‘éﬁ %&&H&m@gn%hgfo‘?ﬂt £EndBIRBke ﬁﬁ%r% Qﬁ&%n'@ﬁﬁ%@ﬁa@é‘gn' h an

annul ar gr oov ween one o e one or I'ngers and an end surface on

t he anOtthéranBﬂih‘,boﬁ?'Céhchhﬁétth@méﬁts’élal ﬁ@}ndylmdmwna@a&mytloned axially

bet ween the one of the one or nore fingers on the netal seal body and the
anot her iheidigedthie oge eStherdnkor oforeHingemsadn thesnetal geal dody ané tied t he seal

assenbly and a tapered surface being axially novable relative to the other
of -t he ansdherimslyreuripg assembly of Hiseseal a§aembéeamd>pnerﬁmhﬁgse@he seal assenbly

rad| ally to set positi
yassem ly and taperec? surface being axially movable relative to the other of

the seal assembly and the tapered surface for moving the seal assembly
radially to a set position.

According to a seventh aspect of the present invention, there is provided
a seal assembly for sealing between an inner cylindrical surface on an outer
member and an inner member including an outer tapered surface, the seal
assembly comprising: a seal body including one or more radially extending
fingers; another body selectively secured to the seal body; a seal ring sealing
with the inner cylindrical surface and spaced axially between one of the one or
more fingers and the another body, such that the seal ring may be positioned
axially between one of the one or more fingers on the seal body and the
another body during assembly of the seal assembly; one of the seal assembly
and the tapered surface being axially movable relative to the other of the seal
assembly and the tapered surface for moving the seal assembly radially to a
set position; and an annular seal having an elasticity greater than that of the
seal ring and positioned on one of the seal body and the another body for
sealing with the inner cylindrical surface prior to sealing between the seal ring

and the inner cylindrical surface.




According to a seventh aspect of the present invention, there is provided
a seal assenbly for sealing between an inner cylindrical 9%Octblac@00h an
outer menber and an inner nenber including an outer tapered surface, the
seal assenbly conprising: a seal body including one or nore radially
extending fingers; another body selectively secured to the seal body; a
seal ring sealing wth the inner C%findrical surface and spaced axially

bet ween one of the one or nore fingers and the another body, such that the

seal ring may_ be sitioped _axially,bet one of. the one ar, nore fingers
on the seal UM S aseHBbYmal e ot et iy SHSuS R s RE L ca

assenbly; one of the seal assepbly and the tapered surface being axially
rovabl ¢ PulfiAs SN DS E O ERLSE o 3 SubSS BRI RRES apored surf ace
for rmviJPﬁ t he seal asserrblg radi glly tciﬁg set position; and an annul ar
seal havi g SeR asPeublyneY, algh bsiusedip aRallpiveds apHive BIESPS (i ng and
positioned on one of the seal body and the another body for sealing with

t he inne?q‘ﬂW?ﬂHPl‘EﬁfWQl?PfCSE@"Eﬁ?épeF@”g&ﬁ P BlecReeNNgRe seal ring and
the inner cylindrical surface. 9 Cctober 2006 2d The seal assenbly nay be
used t o @digfrcal inney aF PYigs seifags for gealingiWitethe seakardemdy-a t ubi ng hanger to a
cylindrical bore of a subsea well head housing. The seal assenbly may al so
be used to se&e sralpesemblyynayhugibscssd fergaaling Retwaesnean@uighi ch contains a
taper and the other piece having a cylindrical inner or outer surface for
seal i ng Werther pad ga ines Mmembery witlToae o6 thesgdrembers haxingahtaperrd used f or

seal i ng between an outer nenber and an inner nenber, wth one of these
menber s $ufdcedormodpe aexpal gsachaly rddiallyrto v sef pasitiealin espemdd i radially to a
set position in response to

' axial movement of the seal assembly relative to the tapered surface. The seal

- assembly may include a metal seal body including one or more radially
extending fingers, another body for selective engagement with the metal seal
bc_>dy, and a high temperature seal ring spaced between one of the metal
fingers and the another body, such that the high temperature seal may be
positioned axially between the metal body seal body and another body. In a

preferred




axi al nmovenent of the seal assenbly relative to the tapered surface. The
seal assenbly may include a netal seal body including ofOuebendp@s r adi al |y
extending fingers, another body for selective engagenent with the netal

seal body, and a high tenperature seal ring spaced between one of the
metal fingers and the another body, such that the high tenperature seal
may be positioned axially betmeen‘?ﬁe netal body seal body and anot her
body. In a preferred 9 October 2006 -3 enbodi nent, the another body

| ncl udes, AnakAgh SAshAlh GARdlg SR8 rogRll gkl iRy gk asserdly i

supported axi a ween ers an € anot her finger.

or ot di 1] tttﬁé%%ra@i@%m?&n%’%%@@d% iy R%F@WO&%”%@%WV%‘?&Q%RQF adially

extendlq n® I8 %r ovi di ng anot her body for sel ective engagenent with the
met al g § '2191 axially spaci ng a high terrperature seal between the

net al seal body .and t body. Thereafter, the seal assenbly may be
posi  onec odk S o b Brr B Gy ol ey A a%%{endma?rmswﬁea wedge
m)ved relativ t he seal senbl t o radi ve th assenbly to a
sel vtnrswgmgﬂeﬁ SErlosenDhand a assear ool S ‘Prs' a3 one of 1 he
out er me e d the in The h tenperat ring may be
formed f N9GF: P 'Eﬁ’ﬁ@"[g%'ebo%rforrﬁéi%‘%’? ePQ gergen |"H héﬁ?oy, a lead, a

| ead aIon, |nd|um i ndium al l gy, cast iron, a net al softer than a
metal sdBflakRe bodyaed: a%ie'lmspaqmgﬂ htgé'ﬁﬁ@rpﬁfﬁiﬁﬂ'f@ %%‘épett"‘leﬁg hemetdinati vel y may

be formed froma group including one or nore of the PEEK
seal body and the another body. Thereafter, the seal assembly may be

positioned between the outer member and the inner member, and a wedge
m_oved relative to the seal assembly to radially move the seal assembly to a set
position, such that the high temperature seal seals with one of the outer member
aﬁ_d the inner member.

The high temperature seal ring may be formed from a group including one
or more of tin, a tin alloy, a lead, a lead alloy, indium, indium alloy, cast iron, and
a metal softer than a metal seal body. This "final" high temperature seal ring
alternatively may be formed from a group including one or more of the PEEK
plastic material, a Teflon plastic material, and a grafhoil graphite material.

A low temperature seal ring may be positioned on one of the metal seal
body and the another body. At least one of the low temperature seal rings may
be formed from a rubber or elastomeric material which is relatively elastic, so
as to initially form a seal which preferably pulls the final seal toward the set

position. The low temperature seal ring




pl.astic material, a Teflon plastic material, and a grafhoil graphite
material. A low tenperature seal ring may be positioned SOdoker@fig he net al
seal body and the another body. At |east one of the | ow tenperature seal
rings my be formed froma rubber or elastoneric material which is
relatively elastic, so as to initiglly forma seal which preferably pulls
the final seal tovvard the set position. The low tenperature seal ring 9
Oct ober 2006 -4 accordingly nay have an initial sealing d| aneter for

seal 119 S00AIPRlay 1L LR A bR EIMRGGRILR] chdne alipbeer at ure seal

ring, WI Fature. seal® rin y5|gn|f|cantly

t t
Seal ma é%ﬂﬂg ke Itb%ea”% g %%i%fw%%éﬁwﬁw Eﬂﬁﬁrﬁw{e‘e”ﬁ%ge?rznd
I d I t, th
merber | “é’%b%‘m@%p' Bl Afticanty aréab Raf K BLRPARM 2 veuge i ng.  one
I d th di al | t
Che one BPPRGArERALIng  gdou SHESralLEs sBA el b Sned ettt #her s "oy be a
B
I lit f th h h d. .Th t
menbor may b RS SEPHEEt R gD e e ARE R OB ace. on ¢ he
outer dianmeter of a tubular hanger formng the lnner menber. One or nore
of the rRM@l d'PI"ﬁ&Krt%fcf‘Fﬁya eepe §B9 aOB8 1O Marg apRulehBUMBE AAYPS wel d i nl ay

for reliable sealing In the set position. A low terrperature seal may
be i ni tiRPYigeden tb?saﬁrh%dw@d'a"%%@ﬂﬂﬂ@ﬁ the pa@ or more metal fingers. At

least one of the metal fingers may be a continuous circumferential metal ring
having an end for sealingly engaging one of the outer member and the inner
‘member. In another embodiment, a plurality of the metal fingers may each have
a sealing end.

The outer member may be a subsea wellhead housing, with the tapered
surface on the outer diameter of a tubular hanger forming the inner member.
One or more of the metal fingers may include a soft tip in the form of a weld inlay
for reliable sealing when in the set position.

A low temperature seal may be initially set by applying a setdown weight
to the seal assembly, closing a blowout preventor around a running string, and
then pressurizing choke and kill lines to move the seal assembly to a set
position. The low temperature seal may become disabled after setting the high
temperature seal. In a subsea environment, the seal assembly may thus be run

~in a well on a run-in tool with a tubular hanger as the inner member.




to the seal assenbly, closing a blowout preventor around a running string,

and then pressurizing choke and kill lines to nove the $dxdtotrs866bly to a
set position. The |l ow tenperature seal nmay becone di sabled after setting
the high tenperature seal. In a subsea environnment, the seal assenbly may

thus be run in a well on a run-in togl wth a tubular hanger as the inner
menber. 9 October 2006 -5 5 These and further features and advant ages of
the present invention will becone apparent fromthe follown ,get ailed
destription, whegss and uribpefesliresandiadvantagasf the gipseat 'I"YP"(“HB%Q conpanyi ng
drawi ngs. Bri ef Descrigti on of the Dramngs Figure 1 illustrates a suitable

seal assehbtgmeaappagnhijomghe fallopinssdstailedidpscriptin whergip Fefergaes 189 bet ween a
wel | head housing and a casing hanger. Figure 2 depicts an alternate seal

assenbl y aadertdtimeyfigwes fretheraccempanying drawiegs. ---- -- - ------ 9 Cct ober
2006 -6 5 Detailed Description of the Preferred Enbodi ments The seal
assenbl y Brief Dessgiption whthel Bawikisal body or carrier. This design allows a

variety of |lower tenperature conplete circular elastonmeric seal elenents
to be easily iRigtal 1 #idsiates lnesuiteble seabyssetrivdyr adoprding vihagregent econoni cal
design of a conplete seal assenbly. This elastoneric seal 10 may be used as

a {enpor afriveptidd for sesiilg brsteden awelpead Rowihgand a,caalmg hangérai ned bel ow. A
| netallic seal element is installed between two axially

Figure 2 depicts an altemate seal assembly according fo the present

invention.




spaced fingers or stops, each on one of the seal bodies. The seal body

i ncludes generally radially extending ribs or fingers ford @eaoberiZg6 t he

el astoneric seal elenment down hole and optionally aiding in netal-to 15

. netal seali.ng.-The two-pi ece seal body preferably includes a thread for
screwi ng the two halves of the two-pigce seal body together. O her
securing techni ques may be used, such as bolting the two pieces together.
Threadi ng of the two-piece seal bodies is preferred, however, since this
| ows cost ripetsifealdderdription eftha iRyeferred &mbodahémes for field 20 repl acenent of
a selected final seal ring, as explained below Figure 1 illustrates a seal
assenbly 10 fofTheeahi asseniblyintlhdes atwor-pizce sealiaiyer térrier. Whisl head housi ng
12 and with the exterior surface 18 of casing hanger 16. Seal assenbly 10
i ncl udes esigRRAOWS eRvarReMf IONer tempeiature Zomyiéte irculapslastoment et al pi ece
i ncl udi ng upper finger 30, and a 25 second.|lower netal piece 22 which for

this enbO%bapélémbﬁ@tu%Seaﬁufmlsfauecﬂ bAYRS s64l baty, thevesy aflowiegan34. A final,
e.g., high tenperature, seal 36 is shown between the finger 30, the

sl eeve- shapgshhR¥Fdedigildf Zdompleté ddafaskemBIRoRls 8880 merié seaf | nger 32, while

an initial, e.g., lowtenperature, elastoneric puller seal 38 is

0s$d ti one 1 i : ok 34. Th |
PO%$4 %@%@ﬁ %@ls:itégnagglaﬁf ;if:drfllgﬁﬁédal gge@adnﬁdlms{acnm;n, hsnger e sea

assenbly es fingers wherein finger ends

seal | ngl Y SORSE DR NAHLEAY SbAGIent WinsEIBE Bet@haweldiary) as shown 1n

Figure 2 I'ngers are not 1 ntende or sealing engagenent 10 with

the el | neaDORcATor BoBcieh bud o uid 4eibbaies. Thesehfisody! 75t upper sea

includes generally radially extending ribs or fingers for carrying the

elastomeric seal element down hole and optionally aiding in metal-to-

15 metal sealing. The two-piece seal body preferably includes a thread for
screwing the two halves of the two-piece seal body together. Other
éecuring techniques may be used, such as bolting the two pieces
together. Threading of the two-piece seal bodies is preferred, however,
since this low cost manufacturing technique easily allows for field

20 replacement of a selected final seal ring, as explained below.

Figure 1 illustrates a seal assembly 10 for sealing with the interior
surface 14 of wellhead housing 12 and with the exterior surface 18 of
casing hanger 16. Seal assembly 10 includes an upper seal body or
carrier 20 which comprises of metal piece including upper finger 30, and a

25 second lowser metal piece 22 which for this embodiment includes middle
finger 32 and lower finger 34. A final, e.g., high temperature, seal 36 is

shown between the finger 30, the sleeve-shaped lower body 22, and the




‘ upper threads 62 for threaded engagenment with upper seal body | anding
-menber 64. As shown in Figures 1 and 2, the wedge ring 66& Qcsbar2es
downward relative to the | anding nmenber 64, shearing the pin 68. A 15
downvward force applied to the seal assenbly froma pulling tool or setting
tool, to which fluid pressure nmay be-gpplied fromabove to set the seal,
may thus al so act on the upper surface 70 of the |anding nenber 64,
transmtting the dowmward force to the | oad shoul der @%r on gge casi ng
hanBer 16.ingBER2,While aninitigh e, IpWdprpgrtire; elastameic PR 8t S8 - ring, may
20 be used to axially interconnect the seal assenbly to the casing hanger
once the deapsitienedieatween themigdie finges 32 and the Ipwes ingr4s the ¢ he casing
hanger with a series of annular bunps 40, 42, 44 and 46 on its ID. The
casi ng harsgal assemblieas Saown inFigee hincldas Gngars wheralpBREBNPEs OD to provi de
energi zation 25 of the seal assenbly. The gaps between the series of
fingers 3Gealbiylyrogaguwekheadhouningild, while sedwssempl SQashop | er seal 38
and the final seal 36, wth the ends of the fingers optionally also

provi di ng iaFigeraR-has-fingems whigabrednabintedad 206ealing@ngagemerien t he seal body
and the wel | head housi ng. These annulus sealing bunps are preferably

proyi ded awithithe wellabadhoysidigpr reliable fluid-tight sealing with the casing
hanger, or with the outer nenber or an inner nenber radially opposite the

nenber bei ng seERjuest Mahd 2tihstratetabt thedirst uppegsedl Bo@add aidudesong fi ngers 30,
32 and 34 contact the wellhead housing and aid in netal -to-netal sealing.
Addi t i onaldpper BRgadereamor threddddendagegenbwith upper seal body landing
member 64. As shown in Figures 1 and 2, the wedge ring 66 has moved
downward relative to the landing member 64, shearing the pin 68. A
15 downward force applied to the seal assembly from a pulling tool or sefting
too!, to which fiuid pressure may be applied from above to set the seal,
may thus also act on the upper surface 70 of the landing member 64,
transmitting the downward force to the load shoulder 72 on the casing
hanger 16. Lock ring 74, which preferably is in the form of a C-ring, may
20 be used to axially interconnect the seal assembly to the casing hanger
once the seal has been fully set.
The seal body 22 seals to the casing hanger with a series of
annular bumps 40, 42, 44 and 46 on its ID. The casing hanger
conventionally may have a shallow taper on its OD to provide energization
25 of the seal assembly. The gaps between the series of fingers 30, 32 and

34 houses the initial low temperature puller seal 38 and the final seal 36,

with the ends of the fingers optionally also providing a metal-to-metal seal




may utilize soft tips on the OD of the finger to allow the finger(s) to-
nore easily nove into defects of the wellhead housing. Si®dtbbar26¢ft tips
may be provided on, or nay replace the bunps 40, 42, 44 and/or 46. These
soft 15 tips may be manufactured in the formof a weld inlay prior to

machi ning, and may cooperate with thg.netal seal surface of the well head
housing or the casing hanger to reliably seal across defects. The seal
assenbly may include a puller section as disclosed in United States Appln.
No.5 10/ 00BeBEENfthe eealtony Bndithe weglheadhsusinge Jhese anBuluspealii®:r ence herein,
20 which includes additional information regarding the seal assenbly. In
the desi bumps ashprefierablyfirgvided on theoseal body ieerglinhlgdiuid-figat shorter and only
the initial seal and the final seal contact and seal with the well head
housi ng. Aealimgiveithythefcaningtiamger, or with lttkeduteninethber pcan dmeri ng initial pul | er
seal elenments, such as rubber, elastoneric, and/or plastic material seal
25 el emrenwembaryadisiheasidsite ites imehibed being sealbé withlthe fisgledeabody by stret ching
the seal elenent slightly. The initial puller seal elenment seals to the OD
of the seqpag. body between the fingers and to the ID of the outer nenber,
which is 9 Cctober 2006 5 the cylindrical wall form ng the through bore in

thg wel | head hRagiaRMdond fingers3®, 82ahd Jardontichibetwellhbad housingl seal is
| ocat ed bel ow the final seal, such that the initial seal, once in sealing

engagemeninBd iMintdlalliblhetaPE&SiRY! AddRBANE, ok er inBretofthklfinggrsacti on on the
final seal to pull the final seal toward the set position. 10 The

el i abl o Mo S O R R e har act er St cs
whi ch makgadifl, fibvd ihfoWdredte P iR IEIRcbloBsRY. SRR isBit tip8 nidiepdlesi red
provided on, or may replace the bumps 40, 42, 44 and/or 46. These soft
15 tips may be manufactured in the form of a weld inlay prior to machining,
and may cooperate with the metal seal surface of the wellhead housing or
fhe casing hanger to reliably seal across defects. The seal assembly may
include a puller section as disclosed in United States Appln. No.
10/003,875 filed 10/31/01 and hereby incorporated by reference herein,
20 which includes additional information regarding the seal assembly. In the
design as shown in Figure 2, some of the fingers are shorter and only the
initial seal and the final seal contéct and seal with the wellhead housing.
A variety of machined or molded solid circular ring initial puller seal
elements, such as rubber, elastomeric, and/or plastic material seal
25 elements, may be easily installed into the split seal body by stfetching the

seal element slightly. The initial puller seal element seals to the OD of the

seal body between the fingers and to the ID of the outer member, which is




" configuration between a pair of fingers, such as the fingers 30 and 32
"-shown in the Figure 1. Selected materials for the final %S@ebbel266@nt 15
include (1) a relatively soft steel , such as AISI 1005 in a soft
condition, such as 96 BHN, (2) a tin or tin alloy; (3) PEEK plastic
material, either virgin or glass or-§raphite filled; (4) teflon plastic
material, either virgin or glass or graphite filled; and (5) grafhoil
graphite materjal.. Accqrdi.ng, to, the resent invention, the sleeve shaped
Sedt body thcyindrical wal dpaned tis taraisoh iors e pHeHRPOBINGo bl upviar d
relative to circular final seal elepent 36 Wth the el enent 36 supported
on the anm@fgred eppediment, tﬂ‘ﬁé‘"ﬂ@éﬂeagg&ipag%j b%‘yﬂb%hﬁ\ﬁ@?*ea“ d threggs 24
made up to reliably position the seal elenpent 36 between the fingers 30
and 32, af@ptdle mitisl peal, encednsgalingergagemest apd WIB figid RIPSWRpr essi ve force
on the seal element 36 to obtain a 25 desired outer sealing surface on the
seal el en@hovatexers aquillingtasion gaithe fingsepk ool thg Bral peakigwark carrier 20.
------------- 9 Qctober 2006 -10 5 During installation, it is desirous to
have t he phepetqosionof the initial puller seal present to initially
achieve a fluid-tight seal to the wellhead and to the OD of the casing
hatoger. It is €hethaacteristicssaftihe finalseal 3tGwbishignablethistalernerd thel p of the
running tool) by first setting weight down (to achieve an initial seal

wi th an ebest etizble cdwalie) high terspergturb ee@@re alsouhe charactgristiés 10 pi pe and

t hen pressuring down the choke & kill lines. This fluid pressure wll
cause a f ohivh fakdie difficlitte providd the ssebinatsiabimihy desicedrove it into place to
achieve a seal. For this fluid pressure to devel op the desired

configuration between a pair of fingers, such as the fingers 30 and 32
-shown in the Figure 1. Selected materials for the final seal element

15 include (1) a relatively soft steel , such as AlIS] 1005 in a soft condition,
such as 96 BHN; (2) a tin or tin alloy; (3) PEEK plastic material, either

* virgin or glass or graphite filled; (4) teflon plastic material, either virgin or

glass or graphite filled; and (5) grathoil graphite material. According to the
present invention, the sleeve shaped seal body Zé with fingers 32 and 34

20 thereupon may be moved upward relative fo circular final seal element 36.
With the element 36 supported on the annular finger 32, the seal body 20
may be lowered and threads 24 made up to reliably position the seal
element 36 between the fingers 30 and 32, and as desired to also exert a
selective axial compressive force on the seal element 36 to obtain a

25 desired outer sealing surface on the seal element at the selected radial

position relative to the carrier 20.




force, the seal assenbly develops an initial seal between the casing :
hanger and the wall of the well head housing using the | ol Qdolpe28dre 15
pull er sealing elenent. The inproved seal assenbly includes an initial
puller seal, which is comonly a |ow tenperature el astoneric seal elenent,
to achieve an initial seal so flui d gy essure exerted above the seal
assenbly will develop a force which causes the seal elenent to nove into
pl ace and "set" the all 20 netal seal elenment. Once this initial seal is
establ i shed, fbuish ipsetiatiore it imbesieoushie have thegiropaties plihednitidle seal el enent
down; thereby-reducing the amount of nmechanical force, if any, needed to

be IOI acedpgierisefl sréséntdo irsiely aehivetal fnid ﬂgmlsgalltﬁltMWeilmadartm of the
setting force required to set the final seal is exerted by the initial

seal pul | {ghetd® of iHeadaskRaniget.oltd afstomady téktttheapal assedlly seal al | ows
fluid pressure to develop a downward force, the final seal wll be pressed

downvar d [yt hdiHEIPEARE Wirthit tciiﬁ)fﬁ §ts Bt defid {to@ckibvé he annul us seal
assenbl y. h%ter sepg setti ngg)l S Oct ober 200% -11 5 conplete, the initial

seal is ngy uﬂf‘@%&alrﬁﬂféﬁ 6%stoﬂwudéea!)8cla§ﬁgﬁ’£@@bp drb@id iHe diflecones di sabl ed

after setting 1s co ete. l'ing actlon (where the initial seal is

bahow t he ta?n'dtﬁé"qﬁ:) Fﬁnnsde:@cfg?ﬁﬂ?éjc% Rl i Tls MGl ippssnher e the ini tial

seal is a e t he I's prefera A seal assenbly el enent which

chushes! BifpdusRd ok 1558 xR oRl i Soditdsbrol SFANRSRAKS the seal | s al 90

cont enpl ni'tral sea Incfudes an outer lip which faces

upward tﬁlﬁgg P abfleRC L 564 Mr #lls 'ﬂmdtdr&lsu?@f%l deVeldpthe'd&8&s Whi | e running

t he tool
force, the seal assembly develops an initial seal between the casing

-hanger and the wall of the wellhead housing using the low temperature
i5 puller sealing element.

The improved seal assembly includes an initial puller seal, which is
6ommonly a low temperature elastomeric seal element, to achieve an
initial seal so fluid pressure exerted above the seal assembly will develop
a force which causes the seal element to move into place and “set” the all-

20 metal seal element. Once this initial seal is established, fluid pressure
above the initial seal pulls the seai element down; thereby reducing the
amount of mechanical force, if any, needed fo be placed on top of the
seal assembly. A significant portion of the setting force required to set the
final seal Is exerted by the initial seal pulling the final seal into place.

25 After an initiat seal allows fluid pressure to develop a downward
force, the final seal will be pressed downward by fluid pressure to achieve

complete setting of the annulus seal assembly. After seal setting is




“the well, the initial seal has an OD which is snmaller than the I D of the
‘subsea wel | head. When the casing hanger is |anded and wei%@ticbs 2684 15
down, the ID of the initial seal is noved outward by a conventional shall ow
taper on the OD of the casing hanger to allowthe Iip on the initial seal
to sealingly engage the subsea wel l-Hgad housi ng. Wen pressure is applied
from above the set seal assenbly, the high tenperature seal 36 supported
on the finger 32 provides reliable 20 sealing engagenent with the

vels head. cPinplgée, thpinitiyl serlds neipngparpaired fﬁ‘rddgisc?éc ghlethalitet al seal i ng
engagenment with the well head. It may be assuned that the initial seal 38

i s no | onbecormesdisailadaftenseiling isgemptemay or may not provide additional
netal -to-netal sealing engagenent with the wellhead. When pressure is

appl i ed from b&lpaling pcties (where dakisitipbsaal ishkelog the mgtal segllaspast the initi al
seal 38 and the mddle finger 32, and again is sealed by the seal elenent
36, whi chcomphtedsvithes pusising apiiorT (wherethetinidal sgapisrabiovedles B, whi ch
optionally may also then nay be in netal-to-nmetal 9 Cctober 2006 -12 5
seal i ng esgalyieraicrablé. hAtseal asdelibbpelemBatiwhitheipasbeddhafisad seal s  bet ween
the OD of seal body 22 and the ID of seal elenent 36, and thus provides a

se@l to peeMatb pldcel ghd isddeags] sbaveghé bealtihnsedsnnplatedal t er nat e
enbodi ments, a separate seal elenent between the seal body 20 and the seal

body 22 may bertipd inutiaslesh! pidtetablyt incuffiépan euter padibhnacts ugbdrdt he conponent s
except for the fingers may remain as disclosed in Figure 1. Mst if not

all the figwgap i atfevif@dh Hitidl se8i Furasimeedwhllerdnhig thettodind ended f or
reliable seallng

the well, the initial seal has an OD which is smaller than the ID of the
subsea wellhead. When the casing hangér is landed and weight is set

15 down, the 1D of the initial seal is moved outward by a conventional shallow
taper on the OD of the casing hanger to allow the lip on the initial seal to
Sealingly engage the subsea wellhead housing.

When pressure is applied from above the set seal assembly, the

high temperature seal 36 supported on the finger 32 provides reliable

20 sealing engagement with the welthead. Finger 32, if desired, may also
provide metal-to-metal sealing engagement with the wellhead. It may be
assumed that the initial seal 38 is no longer functional, and finger 34 may
or may not provide additional metal_-to—metal sealing engagement with the
wellhead. When pressure is applied from below, pressure leaks past the

25 fingers 34, past the initial seal 38 and the middle finger 32, and again is

sealed by the seal element 36, which in this case is supported on the

upper finger 30, which optionally may also then may be in metal-to-metal




engagenent with the wellhead 12. In sone situations, the ends of the
fingers may contact the well head, but the Figure 2 enbodid@ectbbat@886 not 15
rely upon any sealing engagenent between the ends of the fingers and the
sealing surface on the well head housing 12. The end of the upper finger 52
is thus spaced substantially fromtheqgealing surface 14, as is the mddle
finger 54. The |l ower finger 56 may engage the well head housing, but it
does not provide sealing engagenent and its radial length 20 is inportant
only to psedlirdeengagesend withdhe weliheadh Sealieldragnt S6adlsaesamlent 38. The Figure
2 enbodi nent allows theouter surface of the final seal 36 to thus be
spaced r atichvden thetORod séaldodg22and thé ID lof séal ejpament @i, and thusport  t he fi nal
seal 36. In a preferred enbodi nent, the high tenperature seal as discl osed

25 above pryides 4 ecaldd prevent fuie leeikage gtomgrthe dinekds RAgirndltarnate a tin al |l oy,
| ead, a lead alloy, indium an indiumalloy, cast iron, plastic and one of

a nmetal epthodmm&iiass gaparatwaéanglemeﬁubéwwmélsﬁailtm@rzoeémhem ty or softer
9 Cctober 2006 -13 5 than the netal fingers. In a preferred enbodi ment, as

shown i n EbAIWRIYR2 mbPBeh@idéd.ng i ncludes a plurality of axially spaced
grooves, which each groove effectively resulting a sealing surface above

anfh bel ow the Wtﬁ@‘ﬁgure-ﬁ'@mﬁcbcﬁﬂeﬁf aff Bt \cdrhponerits dkcept Rt \ge MY be sel ected
to concentrate applied sealing forces over a desired area, while also

provi di NggAQLs R} febhein 8% iditlcloted nsagaﬂse-d mt iF Bt aihbamesrs el OW

tenperature seal formed froma rub l astic material may be spaced

axi al ly beldiaensRo4PRRY gr@;ffﬁgn pt RtetRddor Jeﬂmes@sﬁ@ rib, with the upper

metal rib may be ownwar I'ncline
engagement with the wellhead 12. In some situations, the ends of the

fingers may contact the wellhead, but the Figure 2 embodiment does not
15 rely upon any sealing engagement between the ends of the fingers and
the sealing surface on the wellhead housing 12. The end of the upper
ﬁnger 52 is thus spaced substantially from the sealing surface 14, as is
the middle finger 54. The lower finger 56 may engage the wellhead
housing, but it does not provide sealing engagement and its radial length
20 is important only to provide proper support for the initial seal element 38.
The Figure 2 embodiment allows the outer surface of the final seal 36 to
thus be spaced radially outward from an end of the fingers which suppdrt
the final seal 36.
In a preferred embodiment, the high temperature seal as disciosed
25 above may be formed from one of a group consisting of tin, a tin alloy,
lead, a lead alloy, indium, an indium alloy, cast iron, plastic and one of a

metal and an elastomer having a substantially lower elasticity or softer




- the lower netal rib upwardly inclined. Wiile the seal assenbly as discl osed
‘above is particularly well 15 suited for sealing between %0sobgeflael | head
as the outer nenber and a tubular hanger as the inner nenber, the seal
assenbly may al so be used between various outer nmenbers and inner nenbers,
with one of the outer and inner nenhars having a tapered surface for
nmovi ng the seal assenbly radially to a set position. One or nore | ow
tenperature seals 20 are preferably provided, and one or nore of these | ow
t emper at uhaa tise fletal fimgprshdn @ preferred tenebiodimeant] agshiivemitidgured seal i ng

bet ween the outer nmenber and the inner nmenber prior to the high

tenper at uhg s‘é@ﬁﬁn%iri&[lldes@qillhramyl@éhmﬂmspd&m@mwdsewbich’élaehI ow t enperat ure
seal preferably as an elasticity significantly greater than that of the

hi gh te”p@'baﬁé'bﬁ‘eé’tﬁleﬁﬁ%kultlh@ﬁseblhg?smfaz:be}ﬁoeé andhelivthaigrome. | east one of
the nmetal fingers on he netal seal body is a continuous circunferential

netal se dhé ﬁxﬁg oh%&bmnal%@apgrao\f@maﬁwseuwitéﬂ p@AgtmEteapplidd t he outer
menber e inner 9 Cctober 2006 -14 5 nenber. In other enbodi nents,

the | ow t g%ﬂ&&@ of d@Qbédtéﬁea alihils 4136 BebvidRiFoR mbltipleadtisliymechani cal

force, suc a set down wei ght may be applied to the seal assenbly to

moye the %d%%%ﬁﬁ@& rfééeg 8NE)w téxﬂPéi re%‘éﬂforrﬁeéfrbm@nib@elaoﬁl nal set

p05|t|on yet di mren a plurality of the nmetal fingers nmay

each havey fqe.%!a{é?@ ﬁ{r%gt aegbscgaaﬂawoseea shippeeRkinabaRda My be formed

byarel e skill'ed in the art will understand

that each oL, h@‘%ﬂ%%h hd DG St RPREY HeUdwhvAfdl) HeiiRed At axi al stop,  so

t hat one
the lower metal rib upwardly inclined.

While the seal assembly as disclosed above is particularly well

15 suited for sealing between a subsea wellhead as the outer member and a
tubular hanger as the inner member, the seal assembly may also be used
between various outer members and inner members, with one of the outer
and inner members having a tapered surface for moving the seal
assembly radially to a set position. One or more low temperature seals

20 are preferably provided, and one or more of these low temperatures seals
may have an initial sealing diameter for sealing between the outer
member and the inner member prior to the high temperature seal ring
sealing between these members. The low temperature seal preferably
has an elasticity significantly greater than that of the high temperature

25 seal ring. In a preferred embodiment, at least one of the metal fingers on
the metal seal body is a continuous circumferentiat metal seal ring having

an end for sealingly engaging one of the outer member and the inner




‘tenperature seal rings and / or the low tenperature rings may be supported
on the seal assenbly by one finger above the seal ring arftOdnleer2806i nger '
bel ow the seal ring. The high tenperature seal ring may thus be spaced

bet ween one of the metal fingers on the nmetal seal body and the .another
finger on the another body by positiqgi.ng the seal rings on one of the
bodi es before the selective engagenent of the netal seal body and the

anot her body. The discl osed fingers need not forma continuous seal 20 with
t hes out er masentizer Jn ethgr embbdinteatse thedbiv tefmpetaturesesbmaydel housi ng. Al t hough
a single nmetal seal ring and optional finger sealing end may be provided,
two or noekminhid, badpeankthblie encobbnicaldere, sucigas andt doven weighbre | ow
tenperature seal rings nmay al so be provided on the seal assenbly. The

nunber of nEgde dppee to thid deabasserbiycioahbye the seabagresdtiefromteaan t he 25 nunber
of nmetal seal ring installed between the fingers in order to facilitate

manuf act upiaPlinédipositioh 168 Finaldey positio. dnp/et apother empoliiment,zcr eased above
t he Iow tenperature seal to apply an initial setting force ------- -- -

""" 9 Gelupiney of%ﬁ@@netaljfﬁgérs(}‘ﬂa? 88ctPhavd @ seamarandy Giebr mbfee | ow

terrperature seal may beconme disabled after setting the high tenperature

segl . Wi LAnBioBLd EheRaPHb i 197a IdMinBNARATheRY | on have been

il ustrate etarl, I s appareéent that "ot her nodifications and

adapt at i ons th(}s@eskﬁfl%ﬁ iPlHacslt ARV bActRTaHS rickall hose ski 1 ed in

the art. 10 However e expressly understood that such

Im;\c/llem fg;ﬁ?g%z ﬁshn&lsseﬂfiid?\@ta%rﬁhé’% aft'aRiaV'stop! &b IHA€oRPbf ik HigiPPe of the present
temperature seal rings and / or the low temperature rings may be
supported on the seal assembly by one finger above the seal ring and one

15 finger below the seal ring. The high temperature seal ring may thus be
spaced between one of the metal fingers on the metal seal body and the
énother finger on the another body by positioning the seal rings on one of
the bodies before the selective engagement of the metal seal body and

'~ the another body. The disclosed fingers need not form a continuous seal

20 with the outer member, e.g., the bore wall of the subsea well housing.
Aithough a single metal seal ring and optional finger sealing end may be
provided, two or more high temperature metal seal rings and one or more
low temperature seal rings may also be provided on the seal assembly.
The number of seal bodies wilt be preferably to one greater than the

25 number of metal seal ring instalied between the fingers in order to

-~ facilitate manufacture of the seal assembly. Fluid pressure may be

increased above the low temperature seal to apply an initial setting force




" defined in the followng clainms. 9 Cctober 2006 -16 Clainms: 1. A seal
‘assenbly for sealing between an outer nenber and an i nner? Optebdy@006t he seal
assenbly conprising: a netal seal body including one or nore radially

ext endi ng- stops; - anot her body selectively secured to the netal seal body;
a seal ring for sealing wth one of tf&-outer nenber and inner nenber and
in an annul ar groove defined by one of the one or nore stops and an end
surface on the another body, such that the seal ring nay be positioned
axifal |y bePiRRAf hRassemblyegabn e lowiempesatypssesh Maydere?®l seal body and

t he anot her body during selective securenent of the another body and the
seal bodydisghigdaiter setiing éhesleigh teropedatirg sell a t apered surface on one of the
outer nmenber and inner nenber being axially novable relative to the other
of the seal asWdplgrefesied embodimgaiscol dher pregentiiaveniionihfyetheenseal assenbly
radially to a set position. 2. An assenbly-as defined in claim1, wherein
the seal Hlusipptedipdetalisitis apparent thabother medlificationscangt adgptatiarisudi ng one or
nore of tin, atin alloy, lead, a lead alloy, indium an indium all oy,
cast irongf dhegrefersnfl embodineents heilinetair e diosboskilledh in REEKarpl asti c
material, a Teflon plastic material, and a grafhoil graphite material. 3.
AnpassenbHgwaser df isntod be rexpressiy tindérsidodlethat aoph insodifcatians amhul ar  seal
positioned on one of the netal seal body and the another body for sealing
wi th the aduptafiorisharcowitidn thesbiek saope ofittey prasghieinvemtionesyiohsie to  fluid
pressure above the seal assenbly. 4. An assenbly as defined in claim3,

further cesmiddshige following claims.




t he annul ar seal conprises a seal ring formed froma group including a
rubber and an el astonmeric material. 9 October 2006 5. AP @stoberi2l006 as
defined in claim3, further conprising: the annular seal having an initial
sealing dianmeter for sealing with the one of the outer nenber and inner
menmber prior to sealing by the seal Mfng, and having an elasticity
significantly greater than that of the seal ring. 6. An assenbly as defined
in claim3, wherein the annular seal is positioned axially below the seal
ring. 7Cléimsassenbly as defined in claim3, wherein the annular seal is
spaced axially between an upper stop and a | ower stop. 8. An assenbly as
defined in claim7, wherein the upper stop is downwardly inclined, and the

| ower stop is upwardly inclined. 9. An assenbly.as defined in.claiml,
wherein the Mnner Aesmarssly il saling befies a fudmgibepAnd b i e

di anet et orhfer ﬁ{é@e%?ggggrﬂblggo,qﬁﬁgiﬂgp inclaiml, wherein at |east one of
the one or nbre stops is contrntous circunferential nmetal ring having an

end for seal i@kl s€41 96| nﬂ:nmsq Ghe bh@ofd fRfiallfRikedingopdie i nner nenber.
11. An assenbly as defi njéd in claim210, wherein a plnt?rali?ty of the stops

each have a seathenbodynselédivebesdauray ol tha mdtial ssakbady;t he out er nenber and
i nner nmenber. 12. An assenbly as defined in claiml, further conprising:
one or nore &#H0aal d4rg fisgalinsnwitheneref tie aden mpaler ardinger Nestsenddn t he on

or nore stops, for sea ing Y)vith tlg?hother of the outer nenber, and i nner
nmenber . 29 RS Grooygsigfined by one of the one or more stops and an end surface on

. the another body, such that the seal ring may be positioned axially between one of
the one or more stops on the metal seal body and the another body during selective
securement of the another body and the seal body; and

one of the seal assembly and a tapered surface on one of the outer member
and inner member being axially movable relative to the other of the seal assembly

and the tapered surface for moving the seal assembly radially to a set position.

2. An assembly as defined in claim 1, wherein the seal ring comprises a
seal ring formed from a group including one or more of tin, a tin alloy, lead, a lead
alloy, indium, an indium alloy, cast iron, a metal softer than the metal seal body, a

PEEK plastic material, a Teflon plastic material, and a grafhoil graphite material.

3. An assembly as defined in claim 1, further comprising:
an annular seal positioned on one of the metal seal body and the another
body for sealing with the one of the outer member and inner member in response to

- fluid pressure above the seal assembly.

4. An assembly as defined in claim 3, further comprising:
the annular seal comprises a seal ring formed from a group including a

rubber and an elastomeric material.




18 13. An assenbly as defined in claim1, wherein the seal assenbly is
axially noved downward relative to a stationary tapered sSU@étabm 2006, A sea
assenbly as defined in claim1l, wherein the another body is selectively
securable to the netal seal body by threads. 15. A seal assenbly for
seal i ng between, a housing and a tubdfar hanger within the housing, the
seal assenbly conprising: a netal seal body including one or nore radially
extending netal fingers; the tubular hanger including a tapered surface on
its radial | ySout eAnsassémbly, as defimeddn clainl 3, fethet tometisingecured to the net al
seal body, the another body including another radially extended finger; a

seal ring axi@anpusRabhaingap initialsealing dametardomsaalind withdes enastl t he

posi 1 ol pIGEmeBleT B B eor & ey o 46 serl Gl 8 B8 Tha oot ner
fi i0g, o | o and f th | bl
and " ne P atEPIOE PRt Sl B R IR ERIE 1 h* Tespect to the other o

the seal assenbly and the tapered surface for noving the seal assenbly
radially to a set position. 16. An assenbly as defined in claim15, wherein
t he seal rin§. conpniasesmbly acddfinkednimeldirh Spwharejy thepannutdrisgahig one or nore
of tin, atin alloy, lead, a lead alloy, indium an indiumalloy, cast
“iron, apﬁ@ﬁ@ﬂe%@ﬁ@'g’rbﬁ%ﬁlqﬁ%airﬁ'ﬁgal seal body, a PEEK plastic material, a
Teflon plastic material, and a grafhoil graphite material. 17. An assenbly
as defined in claim15, further conprising: an annul ar seal on positioned

one of the metal Feal OREN AGhARE iFBBMS" whB2H the annular seal is spaced

axially between an upper stop and a lower stop.

8. An assembly as defined in claim 7, wherein the upper stop is

downwardly inclined, and the lower stop is upwardly inclined.

9. An assembly as defined in claim 1, wherein the inner member includes the

tapered surface on its outer diameter.

- 10.  An assembly as defined in claim 1, wherein at least one of the one or
more stops is a continuous circumferential metal ring having an end for sealingly

engaging one of the outer member and the inner member.

11.  An assembly as defined in claim 10, wherein a plurality of the stops
each have a sealing end for sealing with the one of the outer member and inner

member.

12. An assembly as defined in claim 1, further comprising:
" one or more annular bumps on the metal seal bbdy radially opposite the one

or more stops for sealing with the other of the outer member and inner member.

‘




9 Cctober 2006 -19 18. An assenbly as defined in claim17, further
conprising: the annular seal having an initial sealing di%eOsbesr 2006 seal i ng
with the one of the outer nmenber and inner nenber prior to sealing by the
seal ring, and having an elasticity significantly greater than that of the
seal ring. 19. An assenbly as defined8tn claim1l7, wherein the annul ar seal
Is spaced axially between an upper netal finger and a | ower netal finger.
20. An assenbly as defined in claim17, wherein the annular seal is

posi tioned axBal | ywnh@isemiblyas &&filedrin BRlm 2] whireid #aesdl psesmiblglid ned in claim
15, further conprising: one or nore annular bunps on the netal seal body
radi al | gxiafpowsived dolvewand relativerto mestatinnary fapeget surfage. seal ing with the

t ubul ar- hanger. 22. An assenbly as defined in claim15, wherein at |east
one of the one or nore radially extending fingers is a substantially

continuous circynferential ri havi end .far sealingly.engaging the
housi ng. 23. 1%%5?@&?@%%%3%@%%@” ic%?ﬂi"fﬂ%f‘%?%??cﬂb?r Pisi ng. one or
nore of : ' | ' f kp in the formof a weld
i nl ay. 55@%{}&@%@%@9?@%@%&3g%%gagﬁgltme%gg wherein the seal ring
I ncludes one or nore circunferential grooves each separating an upper seal
ring sealing surface froma |lower seal ring sealing surface. 25. An
assenbly as db6fAmedl assenibly for $8alingttetween taisousita) arsb a duthilar hamgeeaxi al |y
noved downward relative to the stationary tapered surface. 9 COctober 2006
within the housing, the seal assembly comprising:
a metal seal body including one or more radially extending metal fingers;
the tubular hanger including a tapered surface on its radially outer surface;
another body selectively secured to the metal seal body, the another body
including another radially extended finger;
a seal ring axially between one of the one or more metal fingers and the
another finger for sealing with the housing, such that the seal ring may be positioned
between one of the one or more metal fingers and the another finger during
- assembly of the seal assembly; and
one of the seal assembly and the tapered surface being axially movable with
respect to the other of the seal assembly and the tapered surface for moving the

_ seal assembly radially to a set position.

16.  An assembly as defined in claim 15, wherein the seal ring comprises
. a seal formed from a group including one or more of tin, a tin alloy, lead, a lead
alloy, indium, an indium alloy, cast iron, a metal softer than the metal seal body, a

PEEK plastic material, a Teflon plastic material, and a grafhoil graphite material.

17.  An assembly as defined in claim 15, further comprising:
an annular seal on positioned one of the metal seal body and the another

body.




-20 26. An assenbly as defined in claim15, wherein the housing is a subsea
wel | head housing. 27. A nethod of form ng a seal between %Qctobdre00érenber
and an inner nenber, conprising: providing a seal assenbly having a netal
seal body including one or nore radially extending netal fingers;

sel ectively securing another body wi-tlhA-the netal seal body; positioning a
seal ring axially between the netal seal body and the another body during
assenbly of the seal assenbly; providing an annular seal axially spaced
between two aB. t hanasably ageéfinedin cldive 178 furthes eainphisidy; t hereafter
positioning the seal assenbly between the outer nmenber and the inner
menber; and rifoxamplarseabhating ap dritialsesbng tipmeter far sealisgadthsthefcaesf axi al | y
in response to fluid pressure above the apnul ar seal .relative to the other
of the 5'@%.9”‘@5%%7 aaﬁ@netrmema%rem t%é%@'ﬁ@éwbeéﬁﬁh NNtk 28 h@ViRg aor ce to
set the anpul ar. or, t h ring, such that the sea
assenbl fasséig'l%s'gg'fm qrﬁ%tegﬁ}agﬁﬁ%%ﬁgtéé §?"cﬁ1§he I nner nenber. 28. A nethod
as defined in claim27, further conprising: supporting the seal ring

bet ween one of the one or nore fingers and another finger on the another

body. 29. A met hodrassseaibly@sidéfineel inichird 717, Whereih thd drubdidals seal is set
by applying a setdown weight to the seal assenbly, closing a bl owut

pr event spacecdaxidly zetwaemangpper inelpl finger grdes bwear netgl fitlgeke and kil l |ines.

20. An assembly as defined in claim 17, wherein the annular seal is

positioned axially below the seal ring.

21.  An assembly as defined in claim 15, further comprising:
one or more annular bumps on the metal seal body radially opposite the one

or more metal fingers for sealing with the tubular hanger.

22.  Anassembly as defined in claim 15, wherein at least one of the one or
more radially extending fingers is a substantially continuous circumferential ring

having an end for sealingly engaging the housing.

23.  Anassembly as defined in claim 22, further comprising:
one or more of the metal fingers including a soft tip in the form of a weld

inlay.

24.  An assembly as defined in claim 15, wherein the seal ring includes
. one or more circumferential grooves each separating an upper seal ring sealing

surface from a lower seal ring sealing surface.

25.  An assembly as defined in claim 15, wherein the seal assembly is

L .é'xi_aliy moved downward relative to the stationary tapered surface.




9 Cctober 2006 -21 30. A nmethod as defined in claim27, wherein the
annul ar seal becones disabled after setting seal ring. 3Octébar@®od as
defined in claim27, wherein the annular seal initially has a run-in
dianeter for sealing with a cylindrical surface on the outer nenber and the
nmetal seal body engaging the inner nééber prior to sealing by the seal
ring, and the annular nenber having an elasticity significantly greater
than that of the seal ring; and the annular seal is noved radially to a
set position by noving the seal assenbly axially relative to the tapered
surface on the inner nmenber. 32. A nmethod as defined in claim27, further
conpri sing: 20r oviAdiasgembly ay defined implairh 46, whersin the hdusingss alsubeea body
radially opposite the one or nore netal fingers. 33. A nethod as defined
in clai Wehcadpysiih one or nore of the metal fingers sealingly engage a
wel | head housi ng conprising the outer nenber. 34. A nmethod as defined in
claim 27, wherein the seal assenbly is runin a well on a running tool,

dth t ' | ; t hod
an ¢ ou e?g{'fn”gjf]eﬁﬁmﬂff f&ﬁﬁn@a?ﬁ%ﬁﬁmﬁéﬁéﬁ%ﬁ%r Q5 khd atPinnér Met hod as

defined in c wherein conprises a tubular hanger.
36. A sadmissesmhpisingr seal ing between an outer nember and an inner
~menber, one of the outer nenber and the inner nenber having a tapered
surface, therovidihg aseahddsgmbbnipavireg agnetal seahbodhouhgludingl ardi otgnonge or nor e
radi al |y extendi ng fingers;
radially extending metal fingers;
selectively securing another body with the metal seal body;
positioning a seal ring axially between the metal seal body and the another
-body during assembly of the seal assembly;
providing an annular seal axially spaced between two of the metal fingers on
the metal seal body;
thereafter positioning the seal assembly between the outer member and the
inner member; and
moving one of the seal assembly and a tapered surface axially in response to
fluid pressure above the annular seal relative to the other of the seal assembly and
the tapered surface to apply a setting force to set the annular seal prior to setting the
_seal ring, such that the seal assembly seals between the outer member and the

inner member.

' 28. A method as defined in claim 27, further comprising:
supporting the seal ring between one of the one or more fingers and another

finger on the another body.

29. A method as defined in claim 27, wherein the annular seal is set by
- -applying a setdown weight to the seal assembly, closing a blowout preventor around

o a running string, and pressurizing choke and kili lines.




9 COctober 2006 _22 another body selectively secured to the seal body; a
seal ring sealing with one of the outer nmenber and i nner 9nf@ctbisar 28066 i n an
annul ar groove defined by one of the one or nore fingers on the seal body
and an end surface on the another body, such that the seal ring may be
positioned axially between the one-8f-the one or nore fingers on the seal
body and the anot her body during assenbly of the seal assenbly; one of the
seal assenbly and the tapered surface being axially novable relative to

t he ot her of 30he feakthadearddfifedirdcibine27 aplesret thamhaolar $eal beoymeg t he sea
assenbly radially to a set position; and an annul ar seal having an

el ast i crdispblpdeaites settingrseakiing. of the seal ring and positioned on the sea
body for sealing with the one of the outer nenber and inner nenber in
response to fluid pressure above the seal assenbly. 37. An assenbly as

defined in clagim36 rei .saal ring,. i f or med
froma gr oyp%ithl %Ollh ﬁg&@gﬁe doép h?r(g'rnea%b ?:’ﬂ?hé{g(%b%ﬁﬁ%‘??séagiﬁl‘,'é'y}?ﬂéad

al l oy, bndhitiafietbrBr SE31RL MR 2 EARHriEAIQrfate BRI oftef imbP@ndihe et al
seal body, a PEEK plastic material, a Teflon plastic naterial, and a

gr af hoi inegalapial bedy@igigira) the ther AMeralseeimyr Yo asalitgfbyrthd seal iigaan 8  furt her
conprising: the annular seal is fornmed froma group including a rubber and
an el aganhowsr nemher 8aviag an3dasticity sigoifinhntly greatwe thamgttial of the aeah@@,; wherein
the annul ar seal is positioned axially below the seal ring. 40. An

assenbl ?n‘és defined in claim36, wherein the annular seal is spaced

axial 1y bet waen, a8l is A radilfly LPUREt AR by RoVing 1S 8kaiPOdY-

assembly axially relative to the tapered surface on the inner member.

32. A method as defined in claim 27, further comprising:
providing one or more annular bumps on the metal seal body radially

opposite the one or more metal fingers.

33. A method as defined in claim 27, wherein one or more of the metal

fingers sealingly engage a wellhead housing comprising the outer member.

34. A method as defined in claim 27, wherein the seal assembly is run in
a well on a running tool, and the outer member comprises a subsea wellhead

housing.

35. A method as defined in claim 34, wherein the inner member

comprises a tubular hanger.

36. A seal assembly for sealing between an outer member and an inner
member, one of the outer member and the inner member having a tapered surface,
the seal assembly comprising:

a seal body including one or more radially extending fingers;




9 Cctober 2006 -23 41. An assenbly as defined in claim40, wherein the
upper finger is dowwardly inclined, and the | ower fingerOcitsberas dl y
inclined. 42. An assenbly as defined in claim36; wherein the inner nenber

i ncl udes the tapered surface on its outer dianeter. 43. An assenbly as
defined in claim 36, wherein at |eastt2one of the one or nore fingers is a
continuous circunferential netal ring having an end for sealingly engaging
one of the outer nmenber and the inner nenber. 44. An assenbly as defined in
cl ai m 43, whaneiher bbdy selectivelysucardd fogae Sealksudyf i se a plurality of the
fingers each have a sealing end for sealing wth the one of the outer
menber and i Aregal regrbealing 48th gnssebthe autermmbersargdhnercveinber had in 36,
wher ei n t he anot her goqéeis sel ectively securable to the netal seal body

by t hr e2fBulaggrooxe detiteday ang of thepnas@aneredingsrs e theseabbedy aptABer and an
I nner r he.seal enpl 0 LSi Ng; . eal body. i ncl udi one or
more v ad A pees P A A ERs SudPRL I B o S e ey B S0

cont | nuggydd (il Bh8'of tHd e bf MArdAdY of reBch bk SREMEGndhbose of | the
outer nmenber and 1 nner nenber; another body selectively secured to the seal

body andu'ﬁﬂ%byg&nﬂg anthesdangssenisigy radi al |y extending finger; a seal ring
sealing with one o¥ the outer nenber and inner nenber and axially between

one of the oweeof thepseal assaelly aod thétapeewd syt beirg wtialyonoeatdéng fi nger
on the anot her bod?/, such that the seal ring may be positioned axially
bet ween rgakvesio the ethen of the sast assamigyasd e taﬁ@r@éwfas@dv mAMNE/EE f i nger on

the seal assembly radially to a set position; and
 an annular seal having an elasticity greater than that of the seal ring and
positioned on the seal body for sealing with the one of the outer member and inner

member in response to fluid pressure above the seal assembly.

37.  An assembly as defined in claim 36, wherein the seal ring comprises
- a seal ring formed from a group including one or more of tin, a tin alloy, lead, a lead
alloy, indium, an indium alloy, cast iron, a metal softer than the metal seal body, a

PEEK plastic material, a Teflon plastic material, and a grafhoil graphite material.

38. . An assembly as defined in claim 36, further comprising:
the annular seal is formed from a group including a rubber and an

elastomeric material.

39.  Anassembly as defined in claim 36, wherein the annular seal is

- positioned axially below the seal ring.

40. An assembly as defined in claim 36, wherein the annular seal is

spaced axially between an upp'er finger and lower finger on the seal body.




anot her body during assenbly of the seal assenbly; 9 October 2006 24 an
annul ar seal positioned on one of the seal body and the a@nOtthiesr 2006y f or
sealing with the one of the outer nenber and the inner menber prior to
sealing of the seal ring with the one of the outer nenber and the inner
menber; one or nore annul ar bunps on2the seal body for sealing with the
other of the outer nenber and inner nenber; and one of the seal assenbly
and a tapered surface being axially novable relative to the other of the
seal assenbl y1and Anhessteaty asidsfimetdn eldimr40mmieran theeuppee fihgarssenbl y
radially to a set position. 47. A seal assenbly as defined in claim 46,
wher ei n dowawardhy ingrined andithe lowas fiapasisiupaydlyingined. t han that of the seal
ring and is positioned axially between an wupper finger on the seal body
and a lower finger on the seal body for sealing with the one of the outer

menber and i pyer | | l.ai m 46,

wherei n the ?gner m%émb |‘?r'15(:€é %% ?&e%’ggﬁeﬂﬁ{ d@ggroﬁﬂefnt%spr adially
outer SiHdwRfeR: thé?apefed;§l§’t‘fac@&?i@bé(teﬁalaﬁ'@térned in claim46, wherein the seal
assenbly is axially noved downward relative to the stationary tapered
surface. 50. A seal assenbly as defined in claim46, wherein the seal ring
conprises a seat ring forned froma group including one or nore of tin, a
tin alloy, |43ad, anlassambil asgefineddn glajm 36, whdiaimablebstyonecefdoe ppear a net al

softer than the netal seal body, a PEEK plastic material, a Teflon plastic
mat er i aMoraABgRSds apﬁatfnuwﬂﬁpméerﬁa@m%tal r"’@l““ﬂ’%@é?"‘é@eﬁ%h%!(or seal i ng

bet ween A §S She P Gu8 oot B the MREPREmpLNe Seal assembly corpri sing:

44.  An assembly as defined in claim 43, wherein the one or more fingers
comprise a plurality of the fingers each have a sealing end for sealing with the one

of the outer member and inner member.

45. A seal assembly as defined in claim 36, wherein the another body is

selectively securable to the metal seal body by threads.

46. A seal assembly for sealing between an outer member and an inner
member, the seal assembly comprising:

a seal body including one or more radially extending fingers, at least one of
the fingers is a continuous circumferential ring having an end for sealing with one of
the outer member and inner member;

another body selectively secured to the seal body and including an another
body radially extending finger;

| a seal ring sealing with one of the outer member and inner member and
axially between one of the one or more fingers on the seal body and the extending
.ﬁnger on the another body, such that the seal ring may be positioned axially
| bétween one of the one or more fingers on the seal body and the finger on the

another body during assembly of the seal assembly;




a netal seal body including one or nore radially extending fingers;

anot her body selectively secured to the seal body; 9 Oct db@ctoR&OIHO6- 25 a
netal seal ring sealing with one of the outer nenber and i nner nmenber and
in an annul ar groove between one of the one or nore fingers and an end
surface on the another body, such thd@#-the netal seal ring nmay be
positioned axially between the one of the one or nore fingers on the netal
seal body and the another body during assenbly of the seal assenbly; and

one of the sealannakesbhypaitibnad bapmieas thel séalddhandthadnathbyboyieb! e
relative to the other of the seal assenbly and the tapered surface for
movi ng shalingswith theserendl the oattir menbercang thetinnayshernber. prigp fo pealglofassenbl y
as defined in claimb51l, wherein the netal seal rin conprises a seal ring

for med }th%ﬁeagr@_edﬂw thﬁanﬁd:qf%e@ﬁermemhﬁr@nefth%m?r embﬁf?a:loy],c ead a
meal seal by o Spre Anollal BB ofhe SEStnad il ARn iR i of e "
conpri Sighghr B UHEBRRE lemrB@ﬁia'?lQ an elasticity greater than that of the

seal ring and positioned on the netal seal body for sealing with the one

of the outer ongPéie sl assdimsly aﬁermgf)ezieﬂ duPRRe BemglaXidily whelaplessur e above
the seal assenbly. 54. A seal assenbly as defined in claimb53, further

conpri sieigtive tortbe athenloh thessesl assenildy mad tihe tapesedyswigueifocinodingdhe r ubber and
an elastoneric material. 55. A seal assenbly as defined in claimb53,

wher ei nSedlasgamphaiadialiyto aset Besitiand axi al | y bet ween an upper finger and

| ower finger on the seal body.

47. A seal assembly as defined in claim 46, wherein the annular seal has
an elasticity greater than that of the seal ring and is positioned axially between an
upper finger on the seal body and a lower finger on the seal body for sealing with

the one of the outer member and inner member.

48. A seal assembly as defined in claim 46, wherein the inner member

includes the tapered surface on its radially outer surface.

49. A seal assembly as defined in claim 46, wherein the seal assembly is

_axially moved downward relative to the stationary tapered surface.

50. A seal assembly as defined in claim 46, wherein the seal ring comprises
a seat ring formed from a group including one or more of tin, a tin alloy, lead, a lead
alloy, indium, an indium alloy, cast iron, a metal softer than the metal seal body, a

PEEK plastic material, a Teflon plastic material, and a grafhoil graphite material.

51. A seal assembly for sealing between an outer member and an inner
member, the seal assembly cdmprising:
. ametal seal body including one or more radially extending fingers;

another body selectively secured to the seal body;




56. A seal assenbly as defined in claimb51, further conprising: one or nore
annul ar bunps on the netal seal body radially opposite tHOdnker 2606 nor e
stops for sealing with the other of the outer nenber and the inner nenber.
9 COctober 2006 -26 57. A seal assenbly as defined in claimb51, wherein the
seal assenbly is axially noved dowtwérd relative to the stationary tapered
surface. 58. A seal assenbly as defined in claim51, wherein at | east one
of the one or nore fingers is a continuous circunferential netal ring

havi ng an end rhetal sexg sihg sghjnewiiagnea of thecoudér mbmberaed imenbemband t he i nner
menber. 59. A seal assenbly as defined in claimb51, wherein the another
body i sangdén agenpelpygroere babreen ene efdheenalor swue fipgers and amerchds. 60. A

meber - SHA%GR on HirAnaRH, R Ros e oa dcer eotioe ol Sl
assenb! y oGO e g of PG PN fREd Bh B P36 Leal TR diiifhalahérgrt endi ng
fingers;”  anot hér body sel ectlveefy ecure 5 REXSEA ody; a seal ring

seal i Ng pty BufifiPabdtily 6¥iHesbal salenttiy;fake and spaced axially between one
of the one” or nore fingers and the anot her body, such that the seal ring

may be positioneefltrexdeal hysdmaliipand aaaperetl sufacebeingraxialyendvablger s on t he
seal body and the anot her body during assenbly of the seal assenbly; one
of the selalivediodbeiother ghthetdaal asgrmbly apd theatapetasi suyfageifal mpving | e
relative to the other of the seal assenbly and the tapered surface for

novi ng PR assemblyyadislyiqa sgtPF¥dN.-t 0 a set position; and an annul ar seal
havi ng an el asticity greater than that of the seal ring and

52. A seal assembly as defined in claim 51, wherein the metal seal ring
comprises a seal ring formed from a group including one or more of tin, a tin alloy,
- lead, a lead alloy, indium, an indium alloy, cast iron and a metal softer than the

metal seal body.

+ 53. - A seal assembly as defined in claim 51, further comprising:
an annular seal having an elasticity greater than that of the seal ring and
positioned on the metal seal body for sealing with the one of the outer member and

. inner member in response to fluid pressure above the seal assembly.

- b4, A seal assembly as defined in claim 53, further comprising:
the annular seal is formed from a group including a rubber and an

elastomeric material.

-+ 55. A seal assembly as defined in claim 53, wherein the annular seal is

spaced axially between an upper finger and lower finger on the seal body.

56. A seal assembly as defined in claim 51, further comprising:
-~ one or more annular bumps on the metal seal body radially opposite the one

‘or more stops for sealing with the other of the outer member and the inner member.




posi tioned on one of the seal body and the another body for sealing with
the inner cylindriccal surface prior to sealing between th@cwbei2006ng and
the inner cylindrical surface. 9 October 2006 -27 61. An assenbly as
defined in claim60, wherein the seal ring conprises a seal ring forned
froma group including one or nore of26tin, a tin alloy, lead, a |lead

alloy, indium an indiumalloy, cast iron, a netal softer than the netal
seal body, a PEEK plastic nmaterial, a Teflon plastic naterial, and a
grafhoil graphite material. 62. An assenbly as defined in claim®60, further
conprising: the annular seal is forned froma group including a rubber and
an el ast oned/c ndt 294l gsserslly asdlefined irotlginn 81 duteraindhe seall agsambly, iswher ei n

t he annul ar seal i spaced axi al bet ween an upper finger and a | ower
finger &’f'aﬂl)‘lg‘oé’églds‘)ﬁ@éf%rg r‘gﬁt.“’eﬁtﬂ Jaé*@ﬁev@wa@p%rsaﬁﬁtéfac&?-n clai m 60, further
conpri-sing: one or nore annular bunps on the netal seal body radially
opposite the one or nore stops for sealing with the inner nenber. 65. An

assenbly as dgfi n%dséd?agéélﬁl?ik%@deﬂﬁé‘dﬂ&aiWSLSﬁI?é emsaigéasgééxnéégfwi ally

noved downward relative to e stationary tapered sur An assenbly

as defi pmd or mork éihgesQs awoeativudusadircLg@erentul endthl drfEhauey o end¥dgre fingers on
the seal body is a continuous circunferential netal ring having an end for

seal i ngisgalinghaengagingena of theeutrrtneembendrel the inner member.

58. A seal assembly as defined in claim 51, wherein the another body is

selectively securable to the metal seal body by threads.

60. A seal assembly for sealing between an inner cylindrical surface on
-an outer member and an inner member including an outer tapered surface, the seal
assembly comprising:

a seal body including one or more radially extending fingers;

another body selectively secured to the seal body;

a seal ring sealing with the inner cylindrical surface and spaced axially
between one of the one or more fingers and the another body, such that the seal
ring may be positioned axially between one of the one or more fingers on the seal
body and the another body during assembly of the seal assembly;

- one of the seal assembly and the tapered surface being axially movable
relative to the other of the seal assembly and the tapered surface for moving the
- seal assembly radially to a set position; and

an annular seal having an elasticity greater than that of the seal ring and
lpositioned on one of the seal body and the another body for sealing with the inner
cylindrical surface prior to sealing between the seal ring and the inner cylindrical

sur_f_ace.
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61.  Anassembly as defined in claim 60, wherein the seal ring comprises
a seal ring formed from a group including one or more of tin, a tin alloy, lead, a lead
alloy, indium, an indium alloy, cast iron, a metal softer than the metal seal body, a

'PEEK plastic material, a Teflon plastic material, and a grafhoil graphite material.

62. Anassembly as defined in claim 60, further comprising:
the annular seal is formed from a group including a rubber and an

elastomeric material.

63.  An assembly as defined in claim 60, wherein the annular seal is

spaced axially between an upper finger and a lower finger on the seal body.

64. An assembly as defined in claim 60, further comprising:
one or more annular bumps on the metal seal body radially opposite the one

or more stops for sealing with the inner member.

65.  An assembly as defined in claim 60, wherein the seal assembly is

axially moved downward relative to the stationary tapered surface.

66. An assembly as defined in claim 60, wherein at ieast one of the one or
more fingers on the seal body is a.continuous circumferential metal ring having an

-end for sealingly engaging one of the outer member.




