1 2233364 WELLHEAD EQUUIPNENT ThIS i nventi on. relates génerally to mellhead
equi pment or other apparatus Wwherein an annul ar space between a first

member having a bore therethrough and a second menber havi q%§55$§$£%££'
surface disposable 5 concentrically within the bore is adapt sed
by a seal assenbly which forms a netal-tg-netal seal with the bore and

outer surface. More particularly, it relates to inprovenents in wellhead
equi pmeQt .or other apparatus of this type wherein, as shown in our U S. 10

Patent No. 4,757,860, the outer i 0 waggond nember is conically
shaped to forma frusto-conicall en it and the bore of
the first nenber, and the seal assenbly conprises a netal body having a

relatively thin inner walio Wikslhd fold Jailds Qleddiyl o Qe f ace (o

cause. it to flex outwardly and orce t out er ends of upwardly and
out wardl y andcedivianentd gr aﬁiﬂl%tm@%ﬁ‘%ﬁ(t@ﬁﬁw |y QTUBHAT (FRESut er si de |

of the wall igdtarddghd ENEGREIBeMHdVily dBore [thdtetmrgic Wt a

enbodi ment of the 0 afore ntj oned U. at en nber is a
‘subsea casi ng® rp?'sﬂg t%'g"‘?% ’%ﬂﬁ (f%%égsiae%]irgﬁg of a subsea
wel |, - and mawmmwmabmmmhm bches,barral i cadaptad tedirerciesed RiBi ng
hanger havi n t 1 into the
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bore on a runhin Ing on the seal so as, to suspend a casing
string connecthel bore hand eigeer bNEaFe hi n More RARLIHRYAERE i The

casing hangerrbﬁgﬂeéaﬁofiﬁﬁ%@@éﬁéﬂ€§ iﬁ”ﬁbmihéédtéqﬁﬁpmbﬁtcmwmmmhéﬁturns
_ "apparatus of this type wherein, as shown in our U.S.

W, 10 Patent No. 4,757,860, the outer surface of the second
member is conically shaped to form a frusto-conically
shaped space between it and the bore of the first member,
and the seal assembly comprises a metal body having a
relatively thin 1nner wall which is slidable over the

15 . outer surface to cause it to flex outwardly and thus
force the outer ends of upwardly and outwardly and
downwardly and outwardly extending legs about the outer
side of the wall into tight engagement with the bore.

In the particular embodiment of the

20 aforementioned.U.S. patent, the first member is a subsea
casing head or housing connected to an outermost casing
of a subsea well, and having a seat-abdut its bore, and

A the secohd member is a casing hanger having a shoulder

o thereabout and adapted to be




to be circulated upwardly through the annul us between the casings, and the
seal assenbly is also carried by the running toot for lowering with the
casi ng hanger, and-then, upon | anding of the hanger, downward novenent into
t he frusto-conical space between an outer surface of the hanger and the
bore of the head so as to c]ose the sp&e and thus the flow passages. As
di sclosed in the aforenenti oned patent, the seal assenbly also includes one
or nore seal rings or packing of elastonmeric material which surround:Epe
inner.malh_of tQﬁ ne%altgodﬁ,and are so arranged fm.h rﬁsggct to thg’fégs
about its ‘SHFHEKi " As PD BETExFEnFed YHYS Y | st i g ehBgg8Rekt i t h
the bore afedthesseasndtaorestispend khecd ®iysy aseringcedmeotadl yo aghienst the
wel || DO €y, el BIRNL, L L HILAE B,383ha285RaRN G Wi LONSIY UeldQuy TS an
i nprovenen er pri‘or ‘apparatus of tThis dgeneral *t'ype I'n several reSpects,
for reaso®dyullias di kewisBagshgesuthrpagbntit Tierpermit octmentypesuohssubsea
wel | head qgui ' ' Ly n : e of
this type?ﬂp%ﬂﬂgeir¥g?&gggn%?@@%ifiéiﬁ%%@%écgggaggthu%jg%% f ommé%%
t hr ough a SAFINGF shahb@r thaptedl t #sseidad st adisRy A ¥¥ied wethithean i nner
cr:]asijng Hzt &iumﬂliwaﬁjt}ﬂﬁdfcﬁf Onbﬁeﬁilﬁbrmil&ﬁnﬂﬁ@l :cﬁ&dgi@' Wdrydr a zmd)sa@?rlc,asi ng
ead. However, in s a t her types of we ad _equi pnent, . as as
other appaPrlistARATR s o pine T et o pRieeE Beddne Rt i £ € s hea
assenbl y ifaus torecarimd larsppee ebebwbenchosedtey meafacef of rtdmtlenger

actuated nuanide WNle &F tRelHBaA238 Qfs e SBUL BN Qéaye SanB2t R0k No.
4,757,860. Thus, the tubing hanger above the space between It and the bore

of the cadhfg HAMyA2FS2%ETI osely within the bore of the head, such that
the tubing hanger abychestéacked glowna¥bidmeheibaad patutid abtrel eekiing (Y

parts on %@%eﬂ&H%?EuEQQQQQPiEdgétQnéhgr more seal rings or packing of
elastomeric material which surround the inner wall of the
metal body and are so arranged with respect to the legs
about its outer side as to be-expanded into.fight sealing
engagement with the bore of the sécond member as the legs
are forced outWardly against the Qell bore. Equipment
including a seal assembly of this construction is an
_improvément oVer.prior'apparatus of this general type in
several respects, for reasons'fully discussed in such
patent. _ |
- There are other types of subsea wellhead equipment
wherein there is similar need for a seal assembly of this
type. Thus, for example, it may be necessary to close bl
flowways thrdugh a tubing hanger adapted to suspend a tubing
string within an inner casing string suspended from a casing
hanger landed within a subsea casing head. However, in this
and othef-types of wellhead equipment, as well as other
apparatus of this type, it may notlbe possible to lower the
seal assembly into the annular space to be closed by means
of a remotely actuated running tool, as in the case of the
.equipment of U.S. Patent No. 4,757,860. 'Thus, the tubing
hanger above the space between it and the bore of the casing
hanger fits closely within the bore of the head, such that
the tubing'hanger may be locked down with the head by

suitable locking parts on the hanger engagable with the



3 head. However, to close off an annul ar space betmeen the t ubi ng hanger
and bore of the head woul d -expose the seal assenbly which closes the
annul-ar space between the casing hanger and head.to pressure within the
annul us 5 between the casing and tubing strings. = Thus, it may be
preferred, if not necessary, to close off, an annul ar- space between the bore
of the casing hanger and the outer surface of the tubing hanger, and thus
cl ose f{ownays through the tubing hanger -through which cenment returns in 10
t he casing/tubing annulus are circulated. There are still other types of

wel | head equﬂ'tﬁﬂég{, HRMEVRY s 9 XTI HT AThANVHR FRATS hetpe %/'ﬁ whi ch

there is a netﬁilefmbmq)aiang;éﬁfam vorel |l f padredietwedd tdepder echd  a

first nmenber and an_ .out rf ace 0 se

concentri cal Ii/e% tHFE b‘%}} ® b‘.U]E1 ger%}en,a%ggﬂgr?{%e‘; sub]qssée)égféaéﬂ eihead
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be | oweredq i [ S e ' but
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in which a c enot e actuate unni ng tool is not required to

instal | and se¥eferredaq|ifaehiNgcessarvn|triCiAse HLf iahAMMHRY s o

provi de such {g&é@e@&m pméltb@fe o f eth & e iy harigdhi énd Wiee isutvéat ch
t he seal asse

e |nst | ] ed .and set w n he s ween the
first and sec% ?fé?‘rb%f th"s’u‘é N9 gty t%é&}'blf%gc%asﬁege‘ff%n éaS| ng
~hanger of a stimseaghethdctubing bam@éntthmqqleaﬂymtameniametm% in
par L1 cul a/d ¥ ik Log é'in(é}"@u DAY L gyl S irapigded running tool or

other conpl ex auxilrar More particularly, the -
‘present invention provi r%p?)’é? Fekl WPEREE chReS RF #¢11headenber havi ng
a Rore thereigquiph€sONdsiENeE Harfide Fathd£rtiEni Sbssalrtelkheads

in which there is a need for 01051ng off an annular space
' between the bore of a flrst member and an .outer surface

15 of a second member disposable concentrically within the

bore, but wherein, as in the subsea wellhead above

described, the members are so arranged that the seal

assembiy may not be lowered into the space, or in which

the space is easily acceésible, but in which a complex,
20 remotely actuated running tool is not required to install
and set the seal assembly _

' The object of this invention is to provide such
wellhead egquipment or other apparatus of this type in
which the seal assembly may be installed and set within

. the space between the first and second members, such as
between the tubing hanger and casing hanger of ‘a subsea
wellhead, in a relatively easy manner, and, more
particularly, without the need for a remotely actuated
running tool or other complex aﬁxiliary equipment.

30 o More particularly, the present invention
prov1des apparatus which comprises
a first member hav;ng a bore therein,
a second member having an outer conical surface
thereabout,
t 35 ‘said first and second members being movable
| longitudinally with respect to one another into positions



t her eabout, 35 : : said first and second nenbers bei ng novabl e
Iongltudlnally with respect to one another into positions 4 in which the
conical surface is concentrically within the bore of the first nember to
forma frusto-conically shaped space between them and a seal assenbly

di sposable within the space to 5 -closg sanme, said seal assenbly including
an annul ar netal body conprising a reldtively thin, inner wall having an

i nner conical side for sliding al ong the outer conical surface of the s
second nenher, uypon novenent in one |ongitudinal direction with respé%f 10
to said seaBnihighpthe sgnicalosuzfase: Ae wancensrieallyxwdtbinughel y, and

spaced | egpoest efidithe E‘ﬁ@@taﬂémﬁlé&'r eandops hher@etetcehdeatliyt he wall,
first of tgﬁgle S exteng “?hg one nd of 15 the wall and a second of

the | egs eRteREFNGPEERaPE F'eﬁH of the wall and having outer ends
whi ch are forced t1ghtByaagasssmbﬂyedﬁspesablehW1thiatthanbpacbytoutmard

f exingsof ciBgel BaRp "ahlia 88810h<sahl1FPTRRT AqERYI N Means for causing 20

said seal assenbly bddy and_secon o nove-in said one |ongitudina
direction with respe@l apnyrarametnér bodidconpyising asteddtiveavi ng neans

engagegb:c letmhr,n sandrsaagmdna”eﬁ‘agr anf @hhew Bengeah 5‘2&8”?8&- si9akhgi t 25
out war e

£ L nner Iy I ndi cated, the apparatus -
of this |n9§ 80% SePH1?§ Fﬁ@lFﬁétﬁpAEPB8n°£n §eFFFﬂ§doPePh8rseal assenbl y
in enV|ronnpnnsmpnemhnth1nheneeabngssadﬂhgl direction with respect
10 to said second member, so as to cause the wall to be
flexed outwardly, and _
spaced legs extending from and surrounding the \
outer side of the wall, _
a first of the legs extending'toward one end of
15 the wall and a second of the legs extending toward the
other end of the wall and having outer ends which are
forced tightly against the bore of the first member by
outward flexing of the inner wall,
one of said members having means for causing
20 said seal assembly body and second member to move in said
one longitudinal direction with respect to one another,
and _ |
said seal assembly having means engageable with
said second member, fbllowing such-mbvément, to limit
25 outward flexing of said inner wall. ' : e
- As previously indicated, the'apparatus of this
invention pérmits the installation and setting of the
seal assembly in environments in which the seal assembly
may not be moved into the space between the bore of the
30 first member and outer surface of the second member, or
in which a remotely actuated running tool is not
necessary to installation of the seal assembly.
' In certain embodiments of the invention, the
means for causing the seal assembly body and second
35 member to move with respect to one another compriées a
shoulder on the'first member at one end of the bore



may not be noved into the space between the pore of the 30:first nmenber and.
outer surface of the second nenber, or in which a renptely actuated running
tool is not necessary to installation of the seal assenbly. In certain _
enbodi ments of the invention, the neans for causing the seal assenbly body
and second 35 nenber to nove with respec% to one anot her conprises a o
shoul der_on the first nenber at one end of the bore 5 therein which is
-éngageaﬁ{e‘wﬁth a shoul der on the seal assenbly body, as the first nenber
‘is moved%in the one |ongitudinal direction with respect to the secgnd
nenber so as theniigpede ahhd soenslagaatlec @igh ghehovdger seal ,
concentri cal }aéé&rmiy& L A ﬂni;;a tfe-dt hitnb@iY movedorie theh orebodi nent ,
erein the first, and second nenbers ,are respectively the tuhi casi ng
hangers of a lonssdddigial, &iFedhtad, %&brre&ppe[qi:e% rtzlte ﬁ&?&&g re!}%t@n%%s
outwardly fr@s idss twreidsppsy dhid outere safrfhte tdfe thws isepdndadmendear t he
shoul der q@n the seal_.as Vs Ra Qﬂ¥q£ M ni cal
surface ard SPPOs] Q:ent%agﬁgﬁgﬁ %cei(rwotﬁ{%;ﬂebq% s rrhrcals'lrr%(felrIr sucgﬁ&ftéﬁgt, as above
noted, the seal assenblin mne mickhenhadianti.o wharedimdde &ifsdh atk casing
hanger body afghditdifhiidere Tredisbtivelltthe Wi isRE Qi faidialg MRy be a
tubi ng hanger to whi.ch the seal ass I%ﬁl sqﬁreel easabl conys ect%.q_,(gtor :
| oweri ng w t hangers;Lf i §yhega rf'é%ﬁgie s sh er% %ng'ber ody” | anded
in the bore aGiembeérthaetendsictweaily nfydn cits oraliowprdrkhe hore e
| anded. . ceor | i e digmeint
I nventi oﬁ‘?) th ese%ﬁsla%églr%é’ i%@ﬁ&eﬁﬁ % és}écond%n%%be%égﬂjlwhe
shoul der “ext dvntly iewkently bivardlpofromfitsiepnigat siBpiRge ARt that the
SGQL,assenbLybﬂgagigg {ﬁé shoulder on the first member, such that, as

above noted, the seal assembly may not be moved into the

space between the casing hanger body and tubing hanger _
15  body. 'Thué, the second member may be a tubing hanger to
"which the seal assembly is releasably connected for
" lowering with it, and the first membér may be a casing
-hangef body landed in the bore of a subsea casing head. in
which the tubing hanger is to be landed. ' '
20 In accordance with certain embodiments of the
invention, the seal assembly is carried by the second
- member, and the shoulder extends inWardly of the bore of
'said first member such that the seal assembly may not be
lowered into the space. Thus, the bore of the first
- 25 member is movable longitudinally over the seal assembly
| body. More particularly, the second member may comprise
an upward extension of a,tubihg hanger, and the first
member may comprise a Christmas tree adapter having a
counterbore which is lowered oyér and sealed with respect
30 to the upward extension. '
In still another embodiment of the invention,
‘the second member has a first part on which the conical
surface is formed and a second part which is movable
longitudinally with respect to the first part, and the
35 means for moving the seal assembly body comprises a
shoulder on the second part engageable with the shoulder



| onered into the. space. Thus, the bore of the first 25- menber i s novabl e
| ongitudinally over the seal assenbly body. ‘More. particularly, the second
nmenber may conprise an upward extension of a tublng hanger, and the first
menber may conprise a Christnas tree adapter having a counterbore which is
| ower ed over and sealed with respect 3 to the upward extension. In stil
anot her enbodi nent of the invention, the second nenber has a first part on
whi ch t he conical surface is fornmed and a second part which is anabIe

| ongi t udi nal | .espect he first part, and the 35 neans for ¥oving
thegseal a?gle st?&‘}y E5HR e%’ s'h(?t‘ﬁ Cﬂ&‘g Paxdnd spHaveshddgeabl e
with the sithel @exe lomttuﬂarméaldla:emmdryvﬁmwxe@ddteweww flii&fstttls moved -
in the one [ ithec t 0 cause

t he seal agggﬁgl tt%d ?Stegtgﬂ% ee%gv\gr Ei?ﬁ%‘?’gdgt %gu%;irl roftvf’O t he

second nenﬁ@Plca Q@%ﬂlﬁ@§#ﬁﬁﬁe@f ¢m@-ﬁqumdﬁmﬂmﬁernay &snprise a surface
casi ng beadllustriatedseaned FIHEE L C HER icomptikEeDanGuRdager Which is

di sposabl e n.the baor the casjin ead with its outer surface spaced
froPnthe boygt“?’ﬁ P@@% ﬁﬁﬂ%e%fr &W@rl"& o PaYH CRPPRAFGe A (Fb‘l'?&nigses a
second 10 pangeim whiichf dsmddspesabilemiithini thiehdoresefothe sasfiage
wel I head, haagagilth ql%9%%Egﬁeég&ggbgh%8%@gﬁr ﬁlgketﬁgrﬁg?bg% h d bore,

thus not requiring a long and conplex r nnlng mani-pu n the
preferred SdPRETLEUdATINe theetubdng henger gomprisgse aosechad

af or eneot i paet Wh Ahé/F63@0off @S '1'1|l.1|te'91’hl%?1al ifERe asd sroaed, el the
outer side él he J nner wal.lL of th %g %ssenbl body above the first |eg
F% g

and bel ow SégnleeSaF&FYéégFﬁﬁﬁ& §PﬁgtpﬁeuBBP€ epfAd ofe &hEi ent
means i s akFesitigspesddbareyt thius not requiring a long and complex e

running tool manipulation. _
In the preferred embodiments of the invention,

15 as in the case of the aforementioned US-A-4757860,
resiliént seal means is disposed about the outer side of
the inner wall of the seal assembly body above the first
leg and below the second leg for sealably engaéing the:
bore, and resilient means is also dispoéed about the

20 inner side of the inner wall for‘Sealably engaging the
outer surface of the sécond member.  More particularly,
in the illustrated embodiment of the seal assembly, the
second leg is. above the first leg and the resilient seal
means about the outer side of the inner wall comprises a

25 seal member confinéd within a recess between the first \/
and second legs.

As will be apparent from the preceding
discussion a specific embodiment of this invention is
wellhead equipment comprising

30 a first wellhead member having a bore therein,

a second wellhead member having an outer
conical surface thereabout,

~said first and second members being movable
vertically with respect to one another into positions in

35 which the conical surface is coﬂcentrically within the



20 inner side of the inner wall for seal ably engagi'ng the outer surface of
t he second nmenber. Mre particularly, in the¢il'lustrated enbodi nent of the
seal assenbly, the second leg is above the first leg and the resilient seal
means about the outer side of the inner wall conprises a 25 seal nenber
confined within a recess between the fir§Z and second legs. As will be
apparent .from the precedi ng di scussion a Specific enbodi ment of this
inventigp i s well head equi pment conprising 30 o a first well head
menber having a bore therein, a second wel | head menber havlng%an out er

coni cal surf aRETeheF ebBBuFITSE| BeRPRE tQnEOER RN HERBEFANHER hY movabl e
vértical |l y wi shapedpepaceobeteeanothen, i ah@ positions in 35 which the

coni cal surface is concgn a it hi . 0, t f er-to
forma frusto- conlcalIygs%é%gdgé%gm%igegmeégs?ﬁ%g &gtﬁig g@%l %%%2§$b

“di sposabl e mnGhOﬁetﬁamspaeeldoseabsessamblysandlﬂéangassenbly |nclud|ng 5
an annul arg net al bOdy CQﬁpghﬁhﬂg améé& tb¥§¥yc&ﬁ#flsiﬁaeé ﬁ@i&tb@¥1ﬂ9 an

i nner coni cal SI de f ong coni cal face of
second mel|heﬁhlﬁenbEPeruﬂBﬁlnB§Eﬁ@ﬂtaPnlﬁﬂ%rv%?P%Eﬁ} ﬂ%@%c??%nsm}@hng
respect to saallofngctnd uatébeadnmeabeéursacaSofotnéusecdﬂdtmelmnéadto be

fl exed outwardl and verticall paced xtending fro d ur roundi ng -
the outer sid&® %P thet Rﬁ?lmoge?¥P§t18f°?ﬁ gfﬁgicﬁ téﬁg?ﬁg ﬁ%wa%%ﬁy and a

second of theresgectxtendaid deanndrweylhead néwben) | sands 16oheausg outer
ends MthﬂoarehEO&Qfg £boBE! ¥18984NshtiBEaPY] €ang the first wellhead nenber

by outward erXIng
vertlcally spaced legs extending from and

-&,/ _ : surroundlng-the outer side of the wall,
o a first of the legs extending upwardly and a
second of the legs extendlng downwardly from the wall and
15 having outer ends which are forced tightly against the
bore of the first wellhead member by outward flexing of
the 1nner wall, ' '
one of said wellhead members hav1ng means for
causing said seal assembly body and second member to move
20 in said one vertical direction with respect to one
ancther, and | |
said seal assembly haﬁing means engageable with
said second wellhead member, following such movement, to
limit outward flexing of said inner wall.
o 25 . Preferred embodiments of wellhead equipment in
’ ' accordance with the present 1nvent10n will now be
‘described with reference to the accompanying drawings,
- wherein the reference characters are used throughout to
designate like parts, and wherein: |
30 Fig. 1 is a vertical sectional view of a
portion of a subsea wellhead constructed in accordance
‘with one preferred embodiment of the present invention,

and including a tubing



the inner wall, one of said well head nmenbers having neans for causing said
seal assenbly body and second nenber to nove 20 in said one verti cal
direction with respect to one another, and said seal assenbly having neans
engageabl e with said second wel | head er, follow ng such novenent, to
limt outward flexing of said inner wal4. 25 Preferred '
enbodi nents of wel |l head equi pnent in accordance with the present invention
wi Il now be described with reference to the acconpanying draw ngs, mhﬁ}ein
the ref el fRAGeENALANE Ht? 4SdsiREONAL: [0y dioph 0pRL Cpbike Jard s, and
wherein: 30 Fi'g. 1 is a vérticdl sectional view of a portion of
a subsea GBFiLRBabeadnofr housdnan Avbralewing 2 hsead peeeeblrdwatbédi ment
of the preseahnuluenisipdte didtvard UhddHSrd UBE NEhe cbaﬁﬁsrhhﬁgéﬁdaﬂaon a
casi ng hanger within ghe bor.e Bf ga3|n8 head or housmg1 an shownng a
seal asse I9u§%FhFHr A°&nfdl & eng ENHe'BERTL KR BSr &%FL1PRE €3¥PAg hanger
and an outer sBifface oistlam temlangddnpeal £sseastionaal gﬁﬂeﬁamfl, cheg ﬁ is an
enl ar ged "+ SeCL ol ' f [ of 1 subsea -head_shown in
Fi g. % bﬁ?kéhéﬁnglfl g\ﬁgr ?ékg\gg t ere}'els}%;l.dlrdt asse"ﬁi)ll)ﬁ\;e\f%?l' tgé %gl ﬁarﬁgﬁger
into the beversngt pE ddhsi mpdHanyeseniply). withs theyitabisionilangam Ftp 2, but

upon furtpge 5@fgr5@gtggﬁEggihanggﬁgggg seal assenbly to land the seal
assenbly on the,casing hanger; Fig.,4 Is a still further viewsimlar to
oY ngimtle

Fig. 3, but upbh¥9fupt g hetfafid8r i2nt PUtaRan pBaTEReM on the
seal assehbwgrand olfi diheg hefngers and esesUr fasembl gngot hanidnale Wodd1 of the

seal assegbLynRPPYohOthbe¥aklngUhNRGELY
Fig. 4 is a still further view similar to Fig. 3, but
upon further lowering of the hanger into landed position on
the seal assembly'and sliding of its outer surface along the
inner wall of the seal assembly body to flex it outwardly .
and thereby move the outer ends of the legs and paéking of
the seal assembly into séaling engagement with the bore of

“

the casing hanger;

Fig. 5 is_a-Verticai_sectionaliview of a portion of a
surface wellhead construction_in accordance with another
embodiment of the invention and including a tubing hanger
landed on a casing hanger within the bore of the casing head
or housing and a tree adapter connected to the upper end of
the casing head above the tubing hanger, and showing seal
assemblies installed within the space between the tubing: N
hanger and the bore of the head as well as between an upper
extension of the tubing hanger and a counterbore in the
lower end of the tree adapter so as to close the annular
spaces between the tubing hanger and the head and tree
adapter, respectively; | '

Fig. 6 is a view of a portion of the wellhead of Fig.
5, and showing the seal assembly for closing the space
between the tubing hanger upon lowering of the tubing hanger
into the bore of the casing head, but prior to lowering of
the seal assembly to cause it to flex outwardly for sealably
engaging the bore of the casing head;



and thereby nove the outer ends of the | egs and packing of the seal
assenbly into sealing engagenent wth.the bore of the casing hanger; Fig. 5
is a vertical sectional view of a portion of a surface wel |l head
construction in accordance wth another gﬁbodinent of the invention and

i ncludi'ng a tubi ng hanger | anded on a casiing hanger within the bore of .the
casi ng head or housing and a tree adapter connected to the upper end of the
casi ng Rgad above the tubing hanger, and showi.ng seal assenblies installed
wi thin the space between the tubing hanger and the bore of the head as well
as hetween an uppBigexfedsi én wifew ef t tive ngppargepdapd &heo@xtensdan iaf t he

Ibmpr end OftBQeﬂdH%%éﬂkﬂﬂéﬁrSQiﬁﬁ kQeCl 50 L A8sERPYY AbatRieds tRiM&aD the
t ubi ng hanger and the  head_and tree adapter, respectively; Fi 6 IS a view

C . . _ [ y g.
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engagement bghwegB,hiRerbuRnd N2RQe 28 SRRy, as shown in Fig. 5.
With reference now to the details of the above
described diawings,'the subsea wellhead of Figs. 1 to 4 is
shown to comprise a casing head or housing 20 having a bore
21 therethrough and adapted to be installed at the .subsea
floor with its lower end ‘connected to an outermost casing
(not shown) which extends downwardly from the casing head
into the wellbore. The upper end of the casing head (also
not shown) is adapted for connection to a blowout preventer
'stack which is in turn connected to a riser pipe which
extends upwardly to the water surface. | '

A casing hanger 22.is shown lowered into and landed
within the bore of the casing head for suspending a casing
string connected théreto within an outer casing suspended'
from another casing hanger on which the casing hanger 22 has
been landed. The casing hanger 22 comprises a body 23
having passages 24 therethrough which connect the annular
space between the inner and outer éasings within an annular
space 25 between the bore of the caéing head'and.an outer
surface 26 of the casing hanger body 25. As described in
the aforementioned prior Patent No. 4,757,860, this annular
space is adapted'to-be closed, following landing -of the
hanger, and circulation of cement upwardly through the flow
passages, by means of a seal assembly 27,

" Thus, as alSo'described in such patent, the outer
surface 26 of the hanger is conically shaped ahd.converges



and counterbore of the tree adapter, as shown in Fig. 5; Wth reference now
to the details of the above described draw hgs, the; subsea wel | head of

Figs. 1 to 4 is shown to conprise -a casing head or housing 20 having a bore
21 therethrough and adapted to be installed at the subsea floor with its

| ower end connected to an outernost caghng (not shown) which extends
downwardly fromthe casing head into t/he well bore. The upper end of the
casi ng head (al so not shown) is adapted for connection to a blowut
preventer stack which is in turn connected to a riser pipe which exthas
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manner as by means described in the aforementloned
15 patent. '
In the illustrated embodiment in accordance
with the present'invention, a tubing hanger 28 comprising
a body 29 and a seal assembly 30 carried thereby are
lowered by a running tool (not shown) into the bore of
20 the casing head so as to land the tubing hanger in the
head above the casing hanger 22 and install and set the
seal assembly 30 within an annular space between an outer
surface 31 of the tubing‘hanger'and a bore 32 through the
casing hanger body. Thus, the seal assembly closes the |
25 annular space between the tubing and casing'hangers, and e
thereby prevents well fluid from passing upwardly through
the space and'flowways in the hanger and into the annular
space'betweeh the casing hanger 22 and bore of the casing
head. As shown, the tubing hanger has an outwardly
30 enlarged portion which carries locking means for locking
engagement with the bore of the head in order to hold it
down within the bore of the casing head when fully landed
therein. o ' _
The outer surface 31 of the tubing hanger is
35 conically shaped and converges downwardly so as to form a

downwardly opéning frusto-conical space between it and



renmotely actuated to | ower the seal assenbly with respect to the casing
hanger body and thus cause it'to slide downwardl'y aleng the surface 26 and
thus be flexed 10 outwardly into sealing engagenent with the bore of the
casi ng head. When the seal assenbly has been so lowered and installed,
both the seal assenbly and casing hangerégre | ocked down within the tubing
‘head in any suitable manner as by means described in the aforenmentioned 15
ﬁatents\%n the illustrated enbodi ment in-accordance with the present

i nventi ok, a tubing hanger_ 28 conprj si a bo 9 andg,a..seal 30
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space between an oute ce 3 ng hanger”and a bore 32
t hrough the deanger heedr — — , : :
annul ar space between the tubing and casi ng hangers, and thereby preyents
well fluid from passing upwardly through the space and fl owways in the
hanger and into the annul ar space between the casing hanger 22 ang/ bore of
t he casi ng head. As shown, the tubing hanger has an outwardly 30 enl arged
portion which carries |l ocking nmeans for | ocking engagenent w th/the bore of
the head in order to hold it down within the bore of the casipg head when -
fully landed therein. The outer surface 31 of the tubing hanger is 35 '
coni cally shaped and converges downwardly so as to forma gownwardly
openi ng frusto-coni cal space between it and the bore 32 of the casing
hanger body. Thus, as will be described to follow, up | andi ng of the
seqL,assenbly on . o




the.casing-hanger, and subsequent | owering of the tubing.hanger body

W th respect to the seal assenbly,

surface 31 is'caused to slide downwardly

over_the inner side of the seal assenmbly to cause it to flex outwardly into

seal i ng engagenent between the surface 31 and the bore 32 of the casing

hanger. As best shown in Fig. 2 to 4, e seal assenbly 30 includes an

annul ar net al

assenbly
havi ng a

.

body 33 having an upper end received about and connected by -
one or nore shear pins 34 to a.reduced dianeter portion 35 of the body;of
t he tubi ng hanger beneath its upper enlarged end. The body of the seaﬁ{
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disposal opposite the conically shaped outer surtace 31 of
the tubing hanger body when the seal'assembly is landed.

As shown, and as will be described in more detail to
follow, the lower end of the seal assembly-body also
includes upper and lower legs 38 and 39 which extend respec-
tively outwardiy and downwafdly'and'outwardly and upwardly
from the outer side'of'the inner wall 37, and a packing 40
of resilient material confined between the legs and the
outer side of the inner wall 47. The outer ends of the legs
and the outer surface of the packing are spaced from the
bore 32 of the casing-hahger body, as the lower end of the
seal assembly is lowered into the bore, as shown in Fig. 3,
but are -adapted to be flexed outwardly into sealing engage-
ment with the bore 32 upon lowering of the tubing harger
body with respect to the seal assembly, following landing of
the seal assembly, as will be described in connection with
Fig. ‘4.

The seal assembly body also includes an intermediate
wall 41- which is tapered downwardly and inwérdly from the
upper end of the seal assembly body to an upper éxtension 42
of the inner wall 37. As shown, a conically shaped seat 43
on the upper side of the wall 41 is spaced beneath a
conically shoulder 44 between the reduced diameter portion
35 and a further reduced diameter portion 46 of the tubing
hanger body above the outer surface 31 thexreof. The outer

side of the wall 42 and the inner side of the outer portion

\/



upper end of the seal assenbly body to an upper extension 42 of the inner
wal | 37. As shown, a conically shaped seat 43 on the upper side of the wall
41 is spaced beneath a conically shoul der 44 between the reduced di aneter
portion 35 and a further reduced dlaneter ggrtion_46 of the tubing hanger.
body above the outer surface 31 thereof. e outer side of the wall 42 and
the i nner- side of the outer portion 46 of the tubing hanger body are
cylindrisal and permit free vertical novenent of the tubing hanger body"

W th resp ct to the seal assenbly fromthe position of Fig. 3 to the
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IS CaI’I’IEdWI In a groove  about the I nner _
as shown +in Fig. 3. At this time, downward force may be
applled to the tubing hanger body, through the rhnning tool,
so as to 'shear pins 34 and thus lower shoulder 44 onto seat
45 to land the tubing hanging body on the seal assembly, and
-thus land the tubing hanger as well as the seal assembly
within the bore of the casing head.

As previously mentioned, this downward movement of the

tubing hanger body will cause its outer conical surface 31
-to slide downwardly over the inner side 37 of the inner wall
of the seal assembly body and thus flex it outwardly to

_ cause the outer ends of the legs 38 and 39 and the outer

U .diameter of the packing 40 to sealably engage. the bore 32,
A seal ring 49 is carried within a groove about the inner
side of the inner wall generally intermediate the legs 38
and 39, a tight seating engagement of the surface 31 with
the inner side of the inner wall of the seal assembly.

As described in connection with the aforementioned

Patent No. 4,757,860, the forcing of the outer ends of the
legs 38 and 39 against the bore of the casing hanger will
cause the upper leg to he flexed downwardly and inwardly and
the lower leg to Dbe flexed upwardly and inwardly thus
compressing the packing 40 to cause its outer diameter to be
forced outwardly into tight sealing engagement with the bore
32.



side of the inner wall generally internediate the l'egs 38 and 39, a tight
sealing engagenent of the surface 31 with the inner side of the inner wall

* of the seal assenbly. As described in connection:wth the aforenentioned
Patent No. 4,757,860, the forcing of the outer ends of the |legs 38 and 39 -
agai nst the bore of the casing hanger/ﬁ |1 cause the upper leg to be flexed
downwardly and inwardly .and the lower leg to be flexed upwardly and -~
chnwar dly thus conpressing the packing 40 to cause its outer diametergfo be
“forced outwardly into tight sealing engagement with the bore 32. ‘The
upper end of trhe seplerassehidfy todysadlsadrwanialy dsédyoélsn besneclosn Wth |
the tubi hanger V. whi ¢he perwts,. { ul a V. .
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assenbly body in a rajsed position, prior to being flexed inwardly, .in
whi ch i¥dp§é¥ibed relatgvg movemenéjbetween thegtubﬁng hanger Xnd

seal assembly.

As also shown in the drawings, the casing hanger has a
groove 53 formed thereabout ‘above the bore 32 which may be
useful, for example, in landing one or more tools with;n'ihe
casing hanger during 6ompiétion of the well. Although the
upper end of this groove may have a diameter substantially
smaller than the bore 32, the shear pin 34 holds the inner
wall at the lower end of the seal assembly body in a raised
positiQn, prior to being flexed inwardly, in which it is
retracted beneath the outer surface of the tubing hanger to

"permit the legs 38 and 39 and packing 40 to be moved freély
~against the upper end of the groove and into a position \/
opposite the bore 32. _

The surface wellhead shown in Figs. 5 t0 9 comprises a
casing head or housing'GO having a bore 61 therethrough and
connected at its lower end to an ouﬁermost'casing string
(not shown) extending into the well bore. As in the case of
the subsea wellhead of Figs. 1 to 4, the surface wellhead
also includes one or more casing hangers 62 lowered into and
landed within the bore of the casihg head for suspending
casing strings'therefrom}=and an annular space between an
outer surface of each of the casing hangers and the bore of
the casing head may be'closed off following the circulation
of cement. therethrough during the completion of the well.




retracted beneath the outer surface of the t ubi ng hanger t'o. permt the |egs
-38 and 39 and packing 40 to be noved freely against!.t he upper end of the
groove and into a position opposite the bore 32. The surface wel | head shown
in Figs. 5to 9 conprises a casing head or housing 60 having a bore .61 -

t heret hrough and connected at its | ower £ d to an outernost casing string
(not shown) extending into the well bore:™ As in.-the case of the subsea

vel Lheag of Flos. I.lorh ehei1ihiacacinl Lhgadidene,! 'Eﬁbuéﬁi'fa&é or more
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through the %S'ﬁalhw dede&dJa\fdﬁé:lﬁxﬁrllyy,he&mimwﬂ | the daemﬁadeed mor e
.fuIIy hereinafter, the surfac cQ |caI sh %}}%f n upwar dl y
opening 10 fefiskSH-QUIHSHL% edaﬁfd’ 2"8-' PE shape and
const r uctiipon fﬂsﬁd-@ﬁmﬂltmﬁ,y ang d:l'faeadeaig aaa;;gﬁmgms mgi \ﬁe@,hqp(%
{Ubi g hanger BTt ey T A A e Toved 15
into the gr omﬁjﬁﬁmﬁ&hﬁWﬁQmethﬁ)r@hﬁnq thangay 7 é\g"ﬁf’ 7 d down
thU ubi ng hagger, i g §de Hipadsples. | angedsidi@t fithe tubing hanger
carries locking elements 67 which are adapted to be moved -
15 into the groove 68 formed in the bore of the casing head
so'aé-to hold down the tubing hanger in the head when
landed therein. '
The surface wellhead also includes a Christmas
tree édapter 68 adapted.to be landed on the upper_endhof
20 the casing head and connected thereto by a connector 69
| ‘having locking elements 69A adapted to be cammed into
locking engagement with the adapter and head by means of
bolts 69B. As shown, the adapted 68 has a bore 70
_ therethrough including a counterbore 71 at its lower end,
25 and the body of the tubing hanger has an upward tubuler
N extension 72 which is adapted to be received in the
| counterbore as the Christmas tree adapter is landed on
and connected to the casing head. More particularly,
the upper extension_72-of the tubing hanger has an euter
30 conical surface 73 which is spaced.from the counterbore
' 31 to form an upwardly facing frusto-conically shaped
space-between them, and a seal assembly 74 is wedged into
_ the space so as to seal with respect both the counterbore
71 and the outer surface 72 of the tubular extension and
35 thus close the spaee upon landing and connection of the
adapter. Thus, like the seal assembly of the subsea
wellhead, seal assembly 74 may not be lowered into the
space to close it. '



The surface well head al so includes a Christnas tree adapter 68 adapted.to
be | anded on the upper end of 20 -the casing head and connected thereto by
a connector 69 having | ocking el enents 69A adapted to be camed into

| ocki ng engagenment with the adapter and head by neans of bolts 69B. As
shown, the.adapted 68 has a bore 70 ther'¢t hrough including a counterbore 71
at its lower end, 25 and the body of the t ubi ng hanger has an upward
tubul ar extension 72 which is adapted to be received in the counterboy as
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body so as to cause the inner wall to be flexed outwardly

and thereby cause the outer ends of the legs and the
packings to be tightly engaged with the bore of the casing
head. - As in the case of the seal assembly 63, a seal ring
- 81 iS'disposed'within a groove about the inner side of the
inner wall 75 generally vertically intermediate each upperx

and lower set of legs to form a resilient as well as a
metal-to-metal seal between the seallassembly and the tubing
hanger. _ ' '

In addition to providing redundant seals, the ﬁwe eets

of upper and lower legs define a space 80 between the lower

leg of the upper leg of the lower set into which fluid may .
be injected through a ball check3va1ve 82 in a fitting 83 \J
mounted in the:éasing head. This may be useful in injecting '
packing or the like into the space, or in 1nject1ng'test

fluid into the space for testlng either or both of the upper

and fluld fluid to the packing. _

Except for 51ze,_the sealing assembly 74_is'substan—

tially identical to sealing assembly 65 in that it comprises

a metal body having a relatively thin, inner wall 85 having

an inner side which is conically shaped downwardly  and
outwardly to conform generally with the conical shape of the
outer surface 73 of the tubular extension 72 for slldlng
downwardly therealong in order to flex the inner wall

outwardly. Seal assembly 74 also includes two vertically



for sliding along the outer surface 66 of the tubing hanger body so as to
cause the inner wall to be: flexed outwardly and thereby cause the outer
ends of the'legs and the packings to be tightly engaged with the bore of
the casing head.” As in the case of the seal,Lasserrny 63, a seal ring 81 is
di sposed within a groove about the inner digde of the inner wall 75
general ly - vertically internedi ate each upper and | ower set of legs to form
a resilinht as well as a netal-to-netal seal betmeen t he seal assenbly and
t he tubing han dt on rovi din dundat S als t ets
of “upper andEPEaER PRIEYIETTE 4o BRBE oG R IRIr  hae  8EF L, T
upper | eg of whiieh| matrersbt respectiivehyf Id,mmwm;dhe an}iemleidﬂarﬁbughnd bal |
check val ve fgyhiadyf hhhi BdeldraRyn £8fn' @nkButas B9a0eR. o' SniBY BELL

useful in inpecting packing or nto the space, or 1n Inject
test fluid iBPeo BSewsidcer$ oﬁaﬁbétli?ngaequhel?e%lflmh Eﬂt?ﬁéahpséﬂfaﬁsdfl ui d

fluid to theppagkeng ea@fﬁeﬁétf of Sigert BRaSOAWdY B8§8MD! Yhik, Susdibst an-
tially identical to %ea I,ng assenbly 65 in that it conprises a netalggody

having a rel QPFYRFY EAPKiINEnRE ThE IinRehaAlly Sov i Hheroutee SRACAL
coni cally shapegd dnvmwcmkllyig&ndamtm:c&cy imt@ot\iqhm geatiayl gngyakmehe

conical shapg;of the QULAkeINCLaco:T3 Ao UIP sl Bl cxhenshARLLZ Elbce

slidi ng downwar ereal ong- °‘n order to e 1nner wall outwa
Seal assenbl 96!4198{13§h?n§F§Gé§lPﬁoaVértthGaFPy“ter?BaGed apart sets of upper

and | ower the | egas8Gnaneh 8ih Wigh. ext end r@?DQCHu\(:eWO degn%ﬁ:dlaneauq

t war dl d dl.y and outwardly f th de qf N
55, "as el | SOPACKPRY G TSI VPERE RBer thG P et Tlort ALHS set

of \u.pper andhboger Ifegs vertiesl upoerarttwarik! | eespecof tohiti be¢wewal land5,

the OUter enngErtgg51tlon, as shown in Fig. 6, wherein the body of the
seal assembly 65 assumes an upper, unflexed position with
respect to the tubing hanging body, and a lower position, as
"shown in Fig. 5, wherein the seal assembly has been forced
downwardly to cause its inner wall to slide over the outer.
surface of the tubing hanger and thus be flexed outwardly

- into sealing engagement between the tubing hanger and bore
of the casing head. As shown in Fig. 6, when in its upper
unflexed position, the outer ends of the legs 77 and 78 and
pabkings 79 of the seal assemblyfare spaced from the bore of

- the tubing hanger to permit the seal assembly to move freely
into the bore of the casing head. _ ' '

More particularly, the seal assembly body 1ncludes a

flange 92 at ifs upper end having a shoulder or seat 93 on
its top side engagable by a shoulder 94 on the lower end of
the nut 90, and a shoulder 95 which projects inwardly for
seating upon a shoulder or seat 96 about the tubing hanger
body above the tapered'outér surface thereof. As the nut 90
is turned downwardly to lower the seal assembly from the
Fig. 5 to the Fig. 6 position, and thus flex the inner wall
75 outwardly to tightly engage the outer ends of the legs
and the packing with the bore, the shoulder 95 lands on seat
96 to prevent further outward flexing. A C~ring 97 is
disposed about grooves in the outer sides of the nut and
flange 92 so as to hold them together during assembly.



| egs and packings are flexed into tight sealing engagenent with the
counterbore 71, so as to close the -annul ar space between the extension and
t he caunterbore. As shown in Figs. 5 and 6, .a nut 90 is threadedly
connect ed about the upper end of the body of the tubing hanger for- verti cal
movenent with respect to it between an (fjper position, as shown in Fig. 6,
wherein the body of the seal assenbly 65 assunes an upper, unflexed
position with respect to the tubing hanging body, -and a | ower positiop, as

shown in Fig. Bs \/pﬁl&hﬂidhéi}e aestrabeanblsy ners @ﬁentﬁeiﬁgdh%%\ﬁa&cﬂ y:
I|de over surface of .the tuhin anger

h
o Ehus ERERLIY il L e Pl [P EhE sRE ERER: Bbimen it |
hanger anttulboP€ dfs tlecesmdibig Head matsipiatidm, Ifngj.oxG tO/\hEmsﬂarlllattsLdtpper
unf T exed Basichieotn litaft S i biaffed e d £8RodY A JBAnopagkingg 19 o

t he seal assenbly are: space ub ng hanger érmt
the seal ASTOHBLY ParRted rré&l}/lngltonhe b&ratesds htheavppgrhead dbre

particul athg, nbfte megalbeaprablded Wi K 1eless dof | g1 Ple ato | LecUPPEr end
havi ng a shoul der, o?asgf} 93 on iits top side engagable a %hou der. 94 on

the | ower CERYSBEILRE 1L FPYF Loy LOT MLt P edh Jﬁ?@t]s safmlYy for

seating upsnta beosleder or seat 96 about the t ubi ng hanger body above the

t red outer r f ther nut_,90 |s t domm dIy to | oner
tﬁgeseal assenf%)?{y '?paiﬁnglm F%hloés %R?heqel‘?l 2?\ ﬁﬁs Flex the
i nner wal £12Bg98utdared yito unmlgnenlgageng he ahoeﬂdend§9ofatt ¢ dopp and

t he packi ggaw talalatph:%qu{& bd h@néé‘&é’é’l dgg 35 dodmta é‘%ﬁgg%tcl%%ots%oq %Ve[qﬂt

further o mard flexin A Cring 97 Ts dispose ves I'n
outer sidé@%P% flenWPRsT sihRe s?f)%t%b?m a7} hlémw ogesembliupfng |
assenbl y. the Aealr edssidly deseri BRE, uppese drite dIbiNY ERPEREIOGS and -

adapter 73 over the upper end of the seal assembly 74. 1In
that position of the'seal assembly, shoulder 101 on the
lower end of the inner side of the flange 98 is spaced above
shoulder or seat 102 on the upper end of the tublng hanger_
‘extension, and the outer ends of the legs 86 and 87 as well
as the buter_diameter of the packing 88 are spaced from the
"counter bore in the adapter so that the adapter'will'move
freely over the seal assembly.
As the bolts of the connector 69 are 1n1t1ally made up
to connect the adapter to the ea31ng head, shoulder 101
forces the seal assembly body downwardly'within the space _
between the.outer'eurface pf-fhe tubing hanger and the bore k}
of the casing head. 'This causes the inner wall of the seal
assembly to slide downwardly over the outer surface of the
extension, thereby flexing the inner wall outwardly. Upon
- continued Qutward'flexing of the inner wall, the outer ends
of the legs 86 and 87 as well as the outer diameter of the
packing 88 are brohght_into tight sealing engagement with
the counterbore 71 and thus, together with the tight eﬁgage-
ment of the inner side of the inner wall and seal rings 103
carried thereabout and the outer surface of the tubing
hanger extension, close the space between the extension and
adapter. At this time, shoulder 101 moves into engagement
with shoulder 102 to limit further downward.movement of the



installed in the upper end of the surface ca5|ng head ‘the- nut 90 is
accessi bl e for manipulation, prior to |nstallat[on of the Christmas tree
adapter, w thout the need for a |ong, renDter operat ed running tool.

| nst ead, - t he upper end of the nut may be provided w th notches or the |ike
.to receive conventional tools for torquigggit up when the seal assenbly.is
to be set. In simlar fashion, the seal embly 74 includes a flange 98 at
its upper.end having a shoulder 99 at its-top side adapted to be engaged by
a downwa¥dly facing shoul der 100 at the upper end of the counterbore 71
upon assenbl ysedltaesemaly assehiiy, otke seml pgremislyl his theerxt ensi on and -
atlapter 73 Ovﬂsééﬂé@p&ﬁd%o&léﬁl&#ﬁ‘? rats el dod¥ or IoLAdil posi tion of

the seal assenbly, shoulder. 101 on ower of the inner side of the
fl.ange 98 i s EHBRERLRHRRTIPLE | BRANY, tlﬁﬁﬁﬁ%ﬁn eelppkt BERPIISE he

t ubi Rg hangertaxi-emi:me et i Ll cmbﬁémamﬁlSh@Ewéélg ?matuﬂﬁiwglduﬂ?g@sbwel I
as the outer [ g spaced fromthe counter bore in
t he adapt eg; s%?%g%f %‘%rﬁ?g $ ‘ﬁ%‘\’é f’r eely over the seal assenbly. As
the bolts of the connector 69 are initially nmade up to connect the adapter
‘to the casing head, shoulder 101 forces the seal assenbly body downwardly
within the space betmeen the outer surface of the tubing hanger and the
bore of the casing head. This causes the inner wall of the seal assenbly
to slide downwardly over.the outer surface of the extension, thereby
flexing the inner wall outwardly. Upon continued outward flexing of the
inner wall, the outer ends of .the legs 86 and 87 as well. as the outer

di anet er of the packing 88 are brought into tight sealing engagenent with
thg_gounterbore 71 and thus, together with the tight engage- nent of the
inner side of the inner wall and seal rings 103 carried thereabout and the
outer surface of the tubing hanger extension, close the space between the
extension and adapter.- At this tinme, shoulder 101 noves into engagenent



wi th shoulder 102 to limt further downward novenent of the 19 sea
assenbl y. Thus, the seal assenbly has been installed and set without a
running tool or other renotely operable means, and instead nerely in
response to relative vertical novenment bet®een the tubing hanger 5
extension and the tree adapter. CLAIMG.1. . Apparatus, conprising a
first menber having a bore therein, a menber having an outer conical
surface thereabout said first and second members bei ng novabl e ?“

| ongi tudi nal I'y mnthAPééﬁéGPSU COMPTdFdt¥er into positions in which thbu

coni cal surface is @ofgeRtr h@a;luey- Waliiing e andrdiig, first nmenber to
forma frusto- conicall ggp Iﬁgace between them and a, seal assenbly ‘

di sposabl e within tfe hayipg &g putsey %8%%%%}ysFﬁEFﬁﬁlng an

annul ar nEbetebbdytconpr|S|ng arelatively th|n i nner wall having an inner

coni cal side for slggigg @ipg QQ%ogggr onlc s%r&%ﬁﬁuffgéggPiecond
on e

menber, on novenent I n one |na di TEe fo said
second negﬁéﬁltuéénaé1Vowé§bs§e§@@CWaWb pweb@ﬂﬂubﬂﬂjMnﬁQMHQﬁ%AJQHElEmaced

|80 ext RALEA EhMeaRd ool Il #0G-ohlde 21801 B dlenYR! bnpdpblEst of
the | egs extending toward one end of the wal econd of egs
extendlngofoﬁﬁ?d gﬁétopﬁgper to form a frusto-conically shaped space

between them, and . _
a seal assembly disposable within the space to
close'same, said seal assembly including
an annular metal body comprising a relatively ‘
thin, inner Wall having an inner conical side for sliding o/
along the outer conical surface of the second member, upon
movement in one longitudinal direction with respect to said
second member, so as to cause the wall to be flexed
outwardly, and '
spaced legs extending from and surrounding the
outer side of the wall,
a first of the legs extending toward one end of
the wall and a second of the legs extending toward the other
end of the wall and having outer ends which are forced
tightly against the bore of the first member by outward
flexing of the inner wall ' _
one of sald members hav1ng means for causing sa1d )
seal assembly body and second member to move in said one
“longitudinal direction with respect to one another, and

said seal assembly having means engagable with
said second ﬁembér, following such movement, to limit
outward flexing of said inner wall.

AN



end of the wall and having outer ends mhlch are forced tlghtly agai nst the
bore of the first menber by outward flexing of the.inner wall, one of said
menbers having neans for causing said seal assenbly body and second menber
to-nmove in said one |longitudinal direction with respect: to one another, and
sai d seal assenbly having nmeans engagabl with said second menber, '
follow ng such noverment, to limt outwa flexing of said inner mall

2. Apgar atus of. the character defined in Claim1, wherein said neans for:
causi ng -t he seal assenbly body and second nenber to nove with respect to
one another 5 conprise2.a shpphretupnof Hehe|charagheerdefine® tmd of the
bore therein ergpdeabl ghaténa shoul der on the seal assenbly body, as the
first menber is noved in said one | ongi tudjnal, directjon wt res ct to
sai d second nenber, so SRIYMERRPOERT  FRUBIRS TRGFSRE 7S¢ %ﬁ
“nenber concenandcaétgndnmémhetheobnceeowltheréspsétneob@me éhotw@paratus of
t he chara | e n S S I ed by
the second 1 %@é%fgg?og %% %ﬁl%@l£§%v£iﬁ £E$?§§ gid% %ﬁgéée of the
first rrenber thle bmpathensmfen@@gehlalacwethd@mmmcier GP@IW@ sedbrein

the shoul der QQs&HBl&'Bé&y?ﬁaﬁeﬁhéxkffgé 3@mb@¥tf§fﬁ%0éérﬂﬁ1ééﬁdbgﬁé and
t he shoul der on the Seal _asse extends. out war d| X Sronllts i nner

“wal | and oppo%?PglPﬂﬁlgﬂﬁu?HE?cB¥°?h%YF?r§?sﬂ%ﬂBéF° said second

member, so as to dispose the outer surface of the second
10 member concentrically within the bore of the first

~member.
U |
3. Apparatus of the character defined in Cclaim
2, wherein _ '
| the seal assembly is carried by the second
15 member for longitudinal movement with it into the bore of
the first member. '
4. Apparatus of the character defined in Claim
3, wherein ' '
the shoulder on the first member extends
20 'outwardly from its bore, and
the shoulder on the seal assembly body extends
g -outwardly from its inner wall and opposite the shoulder

on the first member.

_ 5. Apparatus of the character defined in Claim
25 2} wherein | | '
the seal assembly is carried by the second
member, and _ . _ |
the bore of said first member is movable
longitudinally over the seal assembly body.

30 6. Apparatus of the character defined in Claim
5, wherein

N

e



5. Apparatus of the character def i ned |h Cla|n125 2, mherern the seal
'assenbly is carried by the second menber, :and the .bdre of said first menber
is novabl e |ongitudinally over the seal. assenbly body. 30 6.
-Apparatus of the character defined in Claimb5, wherein the shoul der - on
the first nenber extends inwardly froq; he bore, and the shoul der on the
seal assenbly body extends outwardly f4Gmits inner wall and opposite_ the
shoul der 5 on the first nmenber. 7. Apparatus of the character defi ned )I1
Claim1l, wherein the second nenber has a first part on which the coni %al
surface is formed anthe sheuhdepapn: thechirst 1memhevagktendagi t udi nal I'y

W th respegﬁwggd§§|grghrghepgbge agggsai d neans for noving the seal
assenbly body conprr es a on .t he second Eart en ageable with a

shoul der on the seal Q?s§hBP§dSBd9na§hFhﬁeéécﬁﬁﬂe Biy PQ Y5eXE8DE8 i n one
Iongitudinehtdardmyrﬁﬁomnﬁhsreaﬁectwamlthﬁdfoppbsmaéttha shéppaeat us of the

charactgr f d i'ncluding resilient seal neans about the
F Oy tB8 rgst ebizr

out er sTde of on the side of the first leg toward the one
end of the wall and on the side of the second |l eg toward the other end of

the wall for Sea'ab'y e”ﬂﬁﬁh?ﬂthgeoﬁoﬁﬁe éﬂQréEéék'éaklﬁEE'1HEéﬂ§1ﬁb°Ut the
I nner side_of
1, wherein
the second member has a first part on which the
conical surface is formed and a secohd'part which is
10 movable 16ngitudinally with respect'to said first part, ,
~and u _ _ | . ' kJ
' said means for moving the seal assembly body '
comprises a shoulder on the second part engageable with a
shoulder on the seal assembly body as the second part is
15 moved in one longltudlnal direction with respect to the
first part.

8. Apparatus of the character defined in Claim
1, including | '
fesilient seal means about the outer side of
20 the inner wall on the side of the first leg toward the
one end of the wall'and on the side of the second leg
toward the other end of the wall for sealably engaging
the bore, and o _' ' s
| ~ resilient seal means about the inner side of
25 the inner wall for sealably engaging the outer surface of
the second member.

9. Apparatus of the character defined in claim
8, wherein o
the second leg is above the first leg, and
30 - the resilient seal means about the outer side
of the inner wall comprises a seal member confined within
a recess between the first and second legs.

*x € L M § =



25 the inner wall for seal ably engagi ng the outer surface of the second
menber. 9. Apparatus of the.character defined in Claim8, wherein the
second leg is above the first leg, and 30 the resilient sea
means about the outer side of the inner \| conprises a seal menber
confined within a recess between the firs nd second | egs. 10.
Vel | head "equi pnent,” conprising a first well head nenber having a bore
therei nfa secorkP wel |Wrbkhes uipnent, apoBREE81v%ni cal surface

thereabout, said firs mdstsev@@mlmbﬁéﬁb@ﬁlﬁavmgablsoyérkhéebw Wi th
respect to one anot her |nto%$ Sltl i_n which the conical surface is

concentrical Iy within &nh3eeoRe ¥ H@aﬁlF&Pbﬁﬁﬂ&ﬁvﬂﬂﬁf?ﬂrﬁ%.er conical
frusto- com(Eﬂﬂﬁadéwﬁhﬂkéﬂﬁﬁmtbetween them and a seal assenbly dlsposable

wi thin the space to close said seal asse i ncl uding an ul ar
netal body cgrrprl si ng % Jr %gev’é“l yaPei e “\?ﬁ‘%fe TP RY? ‘gn r?g’rrlecom cal
side for shuhnn}qﬂlﬁxyWhéhomﬁspec&mtnﬂoserbaoehet umaaunmnmtuﬁm$head
menber, UPOR,UENE ddh PEL V&H ?%r%kg&ﬂ;‘ﬁ"l éﬁgs%‘i@h&tno 18 %c%f‘econd

wel | head ne SO as to cause t ut war
vertically ﬁfac"ét?léb%s’éx@@ﬁ’él?ﬁgt%’réﬁif&né §ms<§err@mgwtaﬂémﬁl@rpe§ dPaste t he
wal |, * betwétﬁlﬁﬁﬁm(ﬁaﬁ&e | egs extendlng upmardly and a second of the.

| egs ext endi ng downwar dl om t he and havjng ou er ends which are
forced tightly agai nst® t%@a%oﬁ§%ﬂ“$@ §@ﬂs ?h@éaiﬁﬂm&ﬁetﬁP?ﬁﬁmé?d

erX|ng of wmbsenuamawﬂéald seal assembly including
an annular metal body comprising a relatlve]y
\~; _ thin, inner wall having an inner conical side for slldlng-
|  a1ong the outer conical surface of the second wellhead
member, upon movement in one vertical direction with respect
to said second wellhead member,; so as to cause the wall to
' be flexed outwardly, and

vertically spaced 1legs extending f?om and
surrounding the outer'side of the wall, _ '

a first of the legs extending upwardly and a
second of the legs extending downwardly from the wall and
having outer ends which are forced tightly against the bore
of the first wellhead member by outward flexing of the inner
wall, '

one of said wellhead memberé'having means for
causing said seal assembly body and second member to move in
said one vertical direction with respect to one another, and

| said seal assembly having means engagable with
said second wellhead member, following such movement, to
limit outward flexing of said inner wail.
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one of sai.d mellhead nmenbers having means: for causi hg sald seal assenbl y
body and second nmenber to nove in said one vertical direction with respect
to one-anot her, and said seal assenbly havi ng nmeans engagable with said

" second wel | head menber, follow ng such novenent, to llimt .outward fl exing
of said inner wall. 11. Wel | head eeyy,pment of the character defined in
Cl aim 10, wherein said neans for causing the seal assenbly body and second
menber to nove with respect to one another 5 conprises a.shoul der on3ie
first well head nenber at one_end _of the bore therein engageable with a

“shoul der on the seal 1sselBilynBBdy IHiPRABY! PFsFRGeFRAEAE Y RENDer is noved
“in said on@eféneiicah dladmt ion whekeinspect to said second wel | head nenber,

. S0 as to dispose theﬁggpeﬁe%gs %%EfggﬁﬁgLﬁeFﬁﬁZ Tdagggﬁgiycggéﬁntrically

within the bore of t eqU|pnen
character @bdjgegongd wembarito wA¥eeWhthhrtespartateeaneyanethearried by the

second g5 cBﬁBPQEeEOE Lapdi e Bal tABVe®Rst Wblﬂhé&d'ﬁéﬁbéﬁeaéobﬁeOf t he
first nmenber i.ne Claim12,

ment o cte
wher e it hEndnBE] GBF BATENEREFRAD. RDIRAEARIRCHAER BoEBRLARE 6B KAFdI Y 1+ om
its bore, sedlthssehblldbodgn abetheaElastewhlyhhadymembend$sombwaddIy from

ts inner ol Lgad ABPQsiLechieqInautdst GichNEcLbLat FBTHgG, 14, Vel head

equi pnent e c arac whéerern ?he seal
assenbl y i second welbhepdemenbend so as to dispose the outer

10 surface of the second member concentrlcally within the
bore of the first member.

12. Wellhead equipment of the character
defined in Claim 11, whereln '
the seal_assembly is carried by the second
15 member for longitudinal movement with it into the bore of
the first member..

13. Wellhead equipment of the character
defined in Claim 12, wherein .
the shoulder on the first wellhead member
20 extends outwardly from its bore, and
the sheulder on the seal assembly body extends
outwardly from its inner wall and opposite the shoulder
on the first member. _ R

14. Wellhead equlpment of the character
25 deflned in Claim 11, wherein '
the seal assembly is carried by the second
wellhead member, and
the bore of said first wellhead member is
movable longitudinally over the seal assembly body.

30 15. Wellhead equipment of the character
defined in Claim 14, wherein '

O



wel | head nmenber, and the bore of said first’ Meilhead nEnber |s novabl e

| ongi tudinally over the seal assenbly body.,30". ... . 15, Well head
equi pnent of the character defined in C|a|n114 wherein 23 t he shoul der
on the first well head nmenber extends |nmar91y formthe bore, and the

shoul der on the seal assenbly body exten outwardly fromits inner wall
and opposite the shoulder 5 on the first | I head nmenber. 16. Wl | head
eqU|pnegp of the character defined in Caim10, wherein the second well head
menber has a first part on which the conical surface.is formed and a second
part 10 which is anabeevéhPPé@Pryonntherﬁspéttwﬁblheﬁﬂ pepkerpart, and

sai d geanstfOéxﬁgﬁaﬁﬁlhhgr§g9lfggﬁeﬁﬁéybggg gﬂap[lses a shoglger ontLhe
second part engageabl e on e _geal asse 0 as e
second part is 15 nnvedg$ﬁ ﬁﬁ%ugg?Flealtﬁ?r%%? oﬁsﬁ??h %@%tegﬁe?ﬂ% first
part. 17. \\é|bhtwarélyi premt ivé fhrerhwabltanddepposiite ntiit ashodibDder
includingdgéz§£iﬁﬁg f?f%tnﬁéf hggguﬁ?%ggrguter side of 20  the inner wall

-on the si e first |leg omard e one end of the wall and en the side
of the second leg toward the other end of the wall for seal ably engagi ng

t he bore, and re5|I|ent1§ealnggﬁgaabgaﬁlﬁﬁgntnagrtﬁéd@hgfagéerthe I nner
wal | for sealg %Xneggaglegaggelgyts eggigace of the second nenber
- the second wellhead member has a first part on
whlch the conical surface is formed and a second part
10 which is movable vertically with respect to said first
W, part, and o _
' said means for mbving the seal assembly body
-compriees-a shoulder on the second part engageable with a
shoulder on the seal assembly body as the second part is
15 moved in one vertical directioﬁ.with respect to the first

part.

17. Wellhead equipment of the character
.deflned in Claim 10, 1nc1ud1ng
_ resilient seal means about the outer side of
20' the inner wall on the side of the first leg toward the
one end of the wall and on the side of the second leg- ]
. - toward the other end of the wall for sealably engaging
N~ the bore, and
o resilient seal means about ‘the inner side of
‘25 the inner wall for sealably engaging the outer surface of
the second member.

18. Wellhead equipment of the character
defined in Claim 17, wherein
the second leg is above the first leg, and
30 . ' the resilient seal means about the outer side
‘of the inner wall comprises a seal member confined within
‘a recess between the first and second legs.

/
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18. Wl | head equi pnent of the character defined |n Cla|n117 wherein the

second leg is above the first leg, and 30 *,* ' .. the resilient sea
means about the outer side of the inner wal | conpri ses a seal nmenber '
confined within a recess between the first and second | egs. 26 19.

"Wl | head equi pnment, conprising - a'hogﬁgng having a bore therethrough and
connectable to the upper end of an ou pi-pe string, a first hanger

i ncluding 5 98g¥ ¥ agugﬁggﬁnfoggﬁgggﬁgggh and connectagle to

an internedi ate pipe sfrln position within the
bore of the housing @ohsuspagdhaﬁengnaebQE§|Eherptpeogghlﬁgdmnth|n t he

outer p'pecéhﬁéEHabQEdtéothe upper enﬁeéﬁsaﬁobu€€§|bﬂﬂeb§£¥@ﬁ8 the first
‘hanger body and. the bo a second I ncl udi ng” a body cohhectable to

t he upper end of an PnﬁéFsﬁl anger; Bchﬂlaaapted to be lowered into a
| anded 85 position anbblg havinggatboSHSﬁBédetHEOugheanﬂlpe strlng wi t hin

the inter rLng. e . e Q y an upper
end mhlchngg#ﬁgg ggggyég %ﬁ %n?ﬁgmégégFﬁggggg QgﬁgnénQS t%? 8oﬁmﬁardly and
i nwar dl y t apteed 3onded| positicon wBbtbini the2boreoeér thadhensihgf bens a
frusto- ConbﬁéhhﬁdsEﬁ@eQn%&?ﬂbﬁ&a%ﬂaﬁﬁpEeEﬂﬁﬁﬂﬁ'hlﬁﬂﬂnaﬂhé”86£e§urface_Of

the bore of .t first hanger when |landed int housi ng, and a seal
assenbl y f BiP®| §8¥hg9e h@Pdpace, said seal assenbly having a netal body
which ie 25 carried h;ahbef&eceadlhﬁggbéthadn tné EQhﬂtlnengberauuyh

and the bore,
a second hanger 1nclud1ng _
a body connectable to the upper end of an 1nner \,)
plpe string and adapted to be lowered into a landed
15 position in the housing to suspend the inner pipe string
within the intermediate pipe string, and .
said second hanger body having an upper end
which fits closely within the housing bore and an outer
downwardly and inwardly tapered conical surface about its
20 - lower end which forms a frusto-conically shaped annular
space between it and an inner surface of the bore of the
first hanger when landed in the housing, and
a seal assembly for closing the space, _
said seal assembly having a metal body which is
25 carried by the second hanger body for lowering therewith
into a landed position within the bore of the first -
hanger body and which is releasable therefrom upon
lénding and continued lowering of the second hanger body
with respect to the first hanger body, and
30 - said seal assembly body having
| an inner wall whose inner conical side is
tapered downwardly for sliding over the outer surface of
the second hanger body to cause the inner wall to be
flexed outwardly as the second hanger body is lowered
35 with respect to the seal assembly body, and |
a pair of vertically spaced legs extending from
and surrounding the outer side of the inner wall,
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intoa | anded position within the bore of the first hanger body and which
is releasable therefromupen. |anding and continued | owering of the second
hanger. body with respect to the first hanger body, and 30 - said.
seal assenbly body having an inner wall ﬁ?gse i nner conical side is tapered
downwardl y- for sliding over the outer su ce of the second hanger body to
cause the.inner wall- to be flexed outwardly as the second hanger body is

| onered™@5 with respectfimst hefsehle absestbextbadingantpveaptiy ahd a -
vertically I t in rom. and iNge er,.shde of the
i nner mall,§888§8f9§g§ﬂ§% ?ﬁgélgégeggkgﬁdFﬁgﬁﬁ%§£ﬂﬂfgﬁ%%§ gﬂéegéﬁg ot the

| egs ext endthgtdbhandisy flegmishd lwaicld swpwarsdly tnd ithe second Ieexdd
upwardly an S I §ef ] ; t e ;

Foroed agal Bae Eho ey 8 e o, e e o TR s
outward flekR§Tofsunf@cenref %hp| hera Hefséhke Liesihpl Papgay. By VY| head
equi prent obutherahglesing 6€f tRedinheg! dam10s wWher el ll ke semblly hymar
body has a seat thereabout, and the seal assenbly body has a shoul der

| andabl e on the seat. 21. Wellhead equi pment of the character defined in

cl ai m 20, wherei 20t heWsdéaheads@guipnsody dfs theseadtatdmreaabdetinadd itrhe
second hanggg , badyagh houl der thereon | andably on the seat of the seal
assenbly bo§§?9 2¥9 aﬁrﬁgg.ﬂequipnent of the character defined in claim19,
wherein the second hahBer £hsay Rasgpeahedvohasnga§edd dherebowiy @me seal

assembly with it uponthai §eAd Qfsskeh® 15248 has a shoulder landable on
' the seat. o '

~ | o
21. Wellhead eqﬁipmeht of the character defined in
. claim 20, wherein ' )
| the seal assembly body has a seat thereabout, and
the second hangef body has a shoulder thereon

landébly'on the seat of the seal assembly body.

22.. Wellhead equipment of the character defined in
claim 19, wherein
the second hanger body has means for engaging and
1lifting the seal assembly with it upon raising of the second
hanger body from within the bore of the first hanger body.

23. Wellhead eéuipment of the characfer.defined in
claim 19, including - |
resilient seal means about the outer side of the
inner wall above the first leqg and below the second leg for
sealably engaging the bore, and
resilient seal means about the inner side of the
inner wall for sealably engaging the outer surface of the

tubing hanger body.
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hanger body fron1mnth|n the bore of the flrst hanger body 23 Vel | head

equi pment of the character defined in cl at'm 19, i'ncliudi ng resilient seal
means about the outer side of the inner wall above the first |eg and bel ow
‘the second leg for sealably engaging the bore, and resilient seal neans

about the inner side of the inner wall jor seal ably engagi ng the outer
surface of the tubing hanger body. Vel | head equi prent of the -
character defined in daim23, wherein the second leg is above the f&gst B

leg, and the resilie ty se of . the inner wall
conprises a seal ne er 02%?5%%% %FﬁHkmfnrecgi et%%gﬁcFﬁg first and
second | egfefiBed dmbsdaime|23hesmthexgdar at us, according to Claim 1 and

substantially as her%ﬂéb@‘éy&djqw |lgeqbwtmf Fi92¢e 16, Flagy 1-4 of the
acconpanyi ng draw ngs. Surface wellhead appar.at us,

according to C aim lté‘ﬁdrﬁ?ds]ﬂﬁl’i’tq ﬁqﬂl Feams, abovds She gutexi sadewi t h
r ef erense of Ehgs inme? efalliheocnprdEesny @eadr aenbey. confined w1th1n

a recess between the first and second legs.

j25. SubSea wellhead apparatus, according. to
Claim 1“§nd-substantially.as hereinbefore described with
reference to Figs. 1-4 of the accompanying drawings. '

10 N 26. Surface wellhead apparatus, accofding to &‘)
Claim 1 and substantially as hereinbefore described with
reference to Figs. 5-9 of the accompanying drawings.
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