WO 03/001025 PCT/ US02/ 19915 -1 SUBSEA VWELLHEAD EQUI PMENT Reference to
Provi sional Application This application clains the benefit of Provisional
Appl i cat iwo oSepicas No. 60/ 300,889 filed June 25 2001, awdTarsor/tdsesl
"Subsea Vel | head Equi prent”. Background of the Invention 5 This invention
rel ates generally to well head equi pnent, including a so-called "horizontal
tree", for use in the drilling and conplieti on of a subsea well. As conpared
with a conventional Christnmas tree, a horizontal tree includes a spool
connected to the upper endSUBSEA WELILMEADEQEIPMENT having a bore in

whi ch a tubing hanger may be | anded for suspending a tubing string within
the well. 10 The spool has ports with valves to control the flow of

hydr ocar b ought he. .t ubi nd.t ubi ng/ casi ng annulus, as well as to
per it mo&g%9égﬁ%ﬁ&#ﬂ?ﬁ%ﬁ?gggéﬂpﬁggg%ﬁventional equi pnent, despite plugs
removabl e_installed in its bore above the hanger. Upon renoval of the

pl ug, the MimppRigalingslaimsthpdensfibaiddrovisiana) Apalicatiansetialie 63 en,8880P)
nmount ed above the spool, w thout requiring renmoval of the 15 tree, thus
provi di ng filedsigre 262001 aahhohtitirl TSubseal WellMesd Equipphént's a risk of having
to pull the tubing. In well head equi pnent of this type, hydraulic control
fluid is supplied froma renote source to a downhole function, such as the
fluid responsive operator for a

Background of the Invention

5 This invention relates generally to wellhead equipment, including a so-called
"horizontal tree", for use in the drilling and completion of a subsea well.

As compared with a conventional Christmas tree, a horizontal tree includes

a spool connected to the upper end of the wellhead housing and having a bore in

which a tubing hanger may be landed for suspending a tubing string within the well.

10 The spool has ports with valves to control the flow of hydrocarbons through the

tubing and tubing/casing annulus, as well as to permit workover of the well, as in

conventional equipment, despite plugs removable installed in its bore above the

hanéer. Upon removal of the plug, the tubing hanger may be removed through a

blowout preventer (BOP) mounted above the spool, without requiring removal of the

15 tree, thus providing a significant advantage for wells where there is a risk of having

to pull the tubing.
In wellhead equipment of this type, hydraulic control fluid is supplied from a
remote source to a downhole function, such as the fluid responsive operator for a

subsurface safety valve (SSSV) which is carried by the tubing string to normally



subsurface safety valve (SSSV) which is carried by the tubing string to

normal |y WO 03/001025 PCT/ US02/ 19915 -2 maintain the tubing open but close
it in reswonnsmotoes emer gency conditions by reduction of tire€Thysdr/aagsc fluid
pressure on the operator. In such equipnment, hydraulic fluid is adapted to
be supplied to the operator froma source at the surface through fluid

passageways i n the spool and hanger whage sealing surfaces are 5 adapted to
be aligned and sealed with respect to one another to fluidly connect them

when the haawedini theClubfY 8feh M@ éoéé‘rfﬁjﬁ'ﬂré%ﬂn%b% bipe %@’\%&’&%diﬁ&ﬁ&ebywi S

type of equipnment has beconme known in the art as a "penetrator”,

r esumabl ' .abhility to penetrate the tubing hanger | eading
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5, 865, 250, 6, 119, 753, 6,244,348 Bl to ABB 10 Vetco. In at |east one of
these pat dvdsauliofid s adaniad iabewappliad toribe paatater fromiasisce atithierssieiace
installed in an opening in the hanger connecting with its bore and having
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fluid to be supplied through an adaptorto the SSSV operator, in orderto
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I s mai ntai ned open. Pressure IS ex romtne ope or 'to
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of equipment has become known in the art as a "penetrator”, presumably by virtue ‘
of the ability to penetrate the tubing hanger leading to the SSSV. See, for example,
U.S. Patent Nos. 5,465,794, 5,555,935, 5,865,250, 6,119,753, 6,244,348 B1 to ABB
10  Vetco.
[n at least one of these patents, the fluid passageway in the hanger includes
an insert installed in an opening in the hanger connecting with its bore and having
a normally closed poppet valve which may be opened to permit the hydraulic fluid
to be supplied through an adaptor to the SSSV operator, in order to open the tubing.
15  The poppet valve is then permitted to close as the SSSV is maintained open.
Pressure fluid is exhausted from the operator to permit the valve to close in the
event of an emergency.
More particularly, the inner end of a stem on which the poppet valve is
mounted protrudes from the seal surface of the fiuid passageway in the hanger to
20  engage the seal surface of the spool, and thus be moved to open position, as the
hanger is lowered into landed position. This permits fluid from the remote source

to urge the operator of the SSSV to open position.



nmount ed protrudes fromthe seal surface of the fluid passageway in the
hanger to 20 engage the seal surface of the spool, and thus be noved to
open posiwD®n/ 005 t he hanger is |owered into | anded positiPem/USIHI®IPernmits
fluid fromthe renote source to urge the operator of the SSSV to open
position. WO 03/001025 PCT/US02/19915 -3 In the case of penetrators nade
pursuant to such patents, the sealing -gurface about the opening in the
spool or the sealing is forned on a spherical surface in the bore of the

spool , which i 3nuRdesas Rt FJanetdidrsi Mgk L}Bt%rshﬁﬁm&%@ch%é%t%b% tﬁégséaftﬁg]geve”t

of danmage. 5 In the penetrator shown In Pat ent No.

Kvaerner Q ' R ct ther patents based_.thereon, the fluid
passagevvagu hﬁg%%e%éﬁéggéheﬁnq @P%@ sgﬁo{ ﬁét“é%éea g, 1§ frym OBd?jpr@E%éjlved
in acarrier whichis initially spaced fromthe spool bore, as the hanger
i s | ower e@UIfAE8 In the bose of thesneol,avich isamdessiasdablyslifiedlt io foomendyefiaisbeal
surface on its end to engage a seal surface within the bore 10 of the
spool . Amimtheoehent dffdargage.t he mechani sm by which the body is noved to
sealing position requires a |arge nunber of noving parts. In each of these

prior penetrat g ghe F«Qﬁs’%ﬁgggﬁo@ﬂ% %PQPP?%? z’aﬁ' g‘,’é A3 t{oﬂ%&@%ﬁdi%eld

orienting their sea ces Into axla nhed 'posi wever, there
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between t ?c?rmed on the end of a tubular body received in a carrier which is initially spaced
from the spool bore, as the hanger is lowered into the spool bore, and then cammed
inwardly to cause a seal surface on its end to engage a seal surface within the bore
10 of the spool. Among other things, the mechanism by which the body is moved to
sealing position requires a large number of moving parts.

In each of these prior penetrators, the hanger and spool are provided with
parts for orienting their seal surfaces into axially aligned position. However, there
is the possibility that the seal surfaces on the hanger and spool may not be

15 sufficiently axially misaligned, when landed, as to prevent leakage between the
hanger and spool.

It is the primary object of this invention to provide a penetrator of this type
which, in its preferred and illustrated embodiment, overcomes one or more, and
preferably all, of these problems and further which has other distinct advantages

20 over the prior art penetrators.

In accordance with the illustrated and preferred embodiment of the present

invention, the tubular body of the insert in the fluid passageway of the hanger has



hanger and spool. It is the primary object of this invention to provide a
penetrator of this type which, inits preferred and illustrated
enbodi merwp oeMerednes one or nore, and preferably all, offCrhssri1grdbl ens
and further which has other distinct advantages 20 over the prior art
penetrators. In accordance with the illustrated and preferred enbodi nent of
the present invention, the tubular body of the insert in the fluid
passageway of the hanger has WD 03/ 001025 PCT/ US02/ 19915 -4 a spherica
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t he body no nte |nner end Ing-sea

surface f vel i in the s ri surface I n the nsert as ports
t hr ough tﬁlré Pﬂglg ‘Hﬂgd ?"Pn?fgerlif%ﬁt?ﬁgqﬂdé’l’?%‘dam? fipo gealingravifecs fasn. A
seal ring surrounds one end of 5 the port in the seal surface, and anot her

seal ri ng swivelignuithintibe sphericalmtirisicetinéhe fnsert, e ponts thydugt thalinestianfl t he
seat ring for sealing with respect to the spherically shaped end of the
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alignment. I n accordance with another novel aspect of the invention, the
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them are di sposed within parallel planes which extend at vertical angles
per pendi c®° inthe sphegsalenst ok the sed singdangaaling with respect to the spherically

shaped end of the insert body to maintain a seal between the surfaces despite
minor axially alignment.

In accordance with another novel aspect of the invention, the axes of the fluid

10  passageways in the spool and hanger extend at an acute angle with respect to one
another, and the flat seal surfaces on them are disposed within parallel planes
which extend at vertical angles perpendicular to the axes of the passageways.
More particularly, one of the seal surfaces is resiliently urged to a position in which
itis engaged by and then cammed inwardly by the other seal surface as the hanger

15 is lowered therepast.

In the illustrated and preferred embodiment of the invention, the seal surface
on the end of the fluid passageway of the spool comprises a bellows which extends
within the spool opening and has its outer end carried by a flange releasably
attached to the outer side of the spool. Thus, the bellows is removable from the

20  spool opening for replacement or repair of its sealing surface on its inner end upon

disconnection of the flange from the outer side of the hanger.



More particularly, one of the seal surfaces is resiliently urged to a
position in which it is engaged by and then caroned inwardly by the other
seal surfwoe3asioehe hanger 15 is |owered therepast. |In tReTiUSOUsIIRt ed and
preferred enbodi nent of the invention, the seal surface on the end of the
fluid passageway of the spool conprises a bellows which extends wthin the
spool opening and has its outer end carmied by a flange rel easably
attached to the outer side of the spool. Thus, the bellows is renovabl e

fromthe 20 spoql jpReat aherdés%?ﬂbéﬁ?gffé]%ﬁgf ﬁgﬁg&ero{?ﬁeit%eﬁoﬁ/@%éé"g e f ace

on its inner end upon I sconnection romthe outer side of
t he hanger. MO 03/.001025 PCT/ US02/ 19915 -5, Il lystrated and descri bed,
Lhe seal’ - SHFRSEAYE PRENGB AT 2Ro0l0BeaiN3 1454 Bestio fouhe eRGRaREDY ABsh t he
spool opening into a position to be engaged by and caroned outwardly by

the seal sanimee optwaridy hydye scalrtacparfthe bangéey , Morepagisularlypthenspapl has
an inwardly facing shoulder, and the bell ows has an outwardly facing 5

shoul der topepiij haoantimearafacny sREEdER abe tREBUSHs AAE PesRIRAdIPwhuAgd! Y
as the seal surface on the hanger slides downwardly over the seal surface
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sectional view of the well head assenbly during 10 | owering of the tubing

hanger i nS8&aksy Ksshangst slifes dawpiardy oyepine:seal spidage on the bellows.

In the drawings, wherein like reference characters are used throughout to
designate like parts:
Fig. 1 is a half vertical sectional view of the wellhead assembly during
10  lowering of the tubing hanger into a landed position within the bore of the spool;
Fig. 1A is an enlarged detail view of the portions of the inner end of the
bellows and insert indicated at 1A in Fig. 1, as the insert first engages the bellows
for sliding over the seal surface on its inner end;
Fig. 2 is a vertical sectional view similar to Fig. 1, wherein the tubing hanger
15 has been further lowered to its landed position in which it is oriented rotationally to
at least substantially align the port in the seal surface of the insert with the port in
the seal surface on the end of the bellows;
Fig. 2A is an enlarged detail view showing the sealing engagement of the
seal surfaces;
20 Fig. 3 is a sectional view of the wellhead assembly, as seen along broken
lines 3-3 of Fig. 2 with the sealing surfaces on the insert and bellows engaged with

one another;



Fig. 1A is an enlarged detail view of the portions of the inner end of the
bellows and insert indicated at 1A in Fig. 1, as the insert first engages

t he bel | owe 03far2s] i di ng over the seal surface on its innecTasdy/1Piy. 2 is
a vertical sectional viewsimlar to Fig. 1, wherein the tubing hanger 15
has been further Iowered to its |landed position in which it is oriented
rotationally to at least substantiallyglign the port in the seal surface
of the insert with the port in the seal surface on the end of the bell ows;
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-6 Fig. 3A |s a V|ew simlar to Fig. 3 but wherein the axis of the seat
ring port is dJuogehisan enlagadyied ofithdoutes padof the idrgyepspdolias sdem slenl
surface of the bellows; Fig. 4 is an enlarged view of the outer end of the

fl ange spmd;kemﬁn§§¢m@$p,gg3 broken lines 4-4 of Fig. 3; 5 Fig. 5is an
expl oded view of the bellows on the flange to be nounted in the spool
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spool opening to form the fluid passageway therethrough;

Fig. 6 is an exploded view of parts which form the fluid passageway in the
opening of the tubing hanger.

With reference now to the details of the above described drawings, the spool

10 10 is shown to include a bore 11 into which the tubing hanger 12 is being lowered
(Fig. 1) into the landed and rotationally oriented position of Fig. 2. This rotational
orientation may be accomplished by conventional means, including a slot in the
bore of the spool into which a pin on the outside of the hanger is guidably lowered,
whereby fluid passageways (to be described) in the hanger and spool are at least

15  approximately axially aligned.

As shown in Figs. 1 and 2, a reduced outer diameter of the lower end of the
hanger fits within a seal assembly 13 which has been lowered iﬁto the spool bore
for sealing between the hanger and spool beneath the fluid passageways when the
hanger is landed. When so lowered, the hanger is locked down by means of a split

20 ring 14 urged outwardly by a wedge releasably connected to the running tool into

engagement with grooves 15 in the bore of the spool above the fluid passageways.



openi ng of the tubing hanger. Wth reference nowto the details of the
above described drawi ngs, the spool 10 10 is shown to include a bore 11

i nt o whi cwotoheotozbi ng hanger 12 is being | owered (Fig. 1pcCirruso2/199¢s | anded
and rotationally oriented position of Fig. 2. This rotational orientation
may be acconplished by conventional neans, including a slot in the bore of
the spool into which a pin on the outsi-de- of the hanger is guidably

| owered, whereby fluid passageways (to be described) in the hanger and

spool are at | @asshowh iARGON ANEHRS yp@miree{sldraai'a%?@ningsz@hﬁ%tm_u hoo: |
and 2, a reduced outer dianeter of the lower end of the hanger fits wthin
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tool into engagenent wth grooves 15 in the bore of the spool above the
fluid passlagbaagsr byDedBsa0 bezteseibedBodéthd &Sonnettidn vaittokiky. 5n Thiedlangd, The
spool has a radial opening 20 therethrough to <closely receive a bellows 21
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which is releasably secured to a flat outer face . anger by
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The inner end of the bellows has a shoulder 31 urged toward engagement
with a shoulder 32 about the inner end into the hanger opening 20. More
10 particularly, the shoulder 32 is so located that a flat seal surface 33 which surrounds
a port 23 in the inner end of the compressed bellows extends into the spool bore in
position for engagement by seal surface on the inner end of a fluid passageway in
the hanger, but is nevertheless free to move away from the shoulder as the bellows
is compressed during movement of the hanger to the Fig. 2. position. This
15 mounting of the bellows on the spool enables it to be removed or replaced, upon
disconnection of the flange, as will be described, for replacement or repair of the
bellows and seal surface on its inner end. As described, a port P in the flange
enables the bellows to be connected with a remote source of fluid pressure.
The hanger has a bore 50 therethrough from which a tubing string 52 is
20  suspended within the well bore and an opening therethrough including a lateral

portion 51A extending between the outer diameter of the hanger and a vertical

portion 51B which connects with a conduit 53 leading to a fluid pressure responsive



A seal ring 91 is received in groove 90 about the stemto engage with the
opening in the spool. The inner end of the bellows has a shoul der 31 urged
toward eryyjagemenes with a shoul der 32 about the inner endPCRiUs0Y/®1hanger
opening 20. More 10 particularly, the shoulder 32 is so |located that a
flat seal surface 33 which surrounds a port 23 in the inner end of the
conpressed bell ows extends into the spe@d- bore in position for engagenent
by seal surface on the inner end of a fluid passageway in the hanger, but

i s never t lopleeator of eedbWnhdleeseByvAIVE hdthehSoLhdistedSotderbahd @isse the

conpressed during nmovenent of the hanger to the Fig. 2. position. This 15
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upon di sconnectl , as W escri nt or

repair of the  bellows agnd seal surface on its inner end. As described, a
port P i nWPRETEF TngenVestipgell of AEChePnsclian abiaBRme e bo et iove

source of fluid pressure. The hanger has a bore 50 therethrough from which
a tubi ng $herethyoBghiundep aosnehentdiitibng, bht to ¢lbse thed bortearmoraiods an rethestiong
t heret hrough including a lateral portion 51A extendi ng between the outer

di ameter of Préssm@mme ahteofeEpiddetdrmiRéd tbAgitied. B whi ch connects with a
conduit 53 leading to a fluid pressure responsive WO 03/001025

PCT/ US02/ 19915 , O f | e fety,valve. (,not. shown) adapt.ed to
open and cl osePt%%‘@‘@%ﬁ%ﬁ%‘ﬁ@%@@%ﬂﬁ@?:¥ ”\ﬂeﬁ} tEﬁM P?ﬁ%ﬁ’@w " and
as previo slx descri bed, the operator is conventionally of such

const r uct :ﬁ?)en argeidnelyess erbylar bised Gikhaning gihedy mounted'in the lateral branch

of the opening in the hanger. A poppet valve 62 is mounted on a stem 61 which

extends through a flow passage 63 in the body for movement toward and away from
10 aseat64 which fabes the outer end of the fluid passageway in the hanger-opening.

For this purpose, the tubular body is mounted in the lateral branch of the hanger

opening by nut 61A holding its outer tapered end against a tapered surface in the

opening. A spring 67 urges a shoulder 62A on the stem into engagement with the

seat 64 to close the bore through the insert body and locate its end in a position
15 projecting from the end of the insert.

A seat ring 70 on the inner end of the tubular body which has a flat seal
surface 71 for sliding over the parallel flat surface 33 dn the inner end of the bellows
as the tubing hanger is lowered from the position of Fig. 1A to the position of Fig.
2A. More particularly, a spherical surface 72 on the opposite end of the seat ring

20 is mounted on the a spherical surface 67A of the end of the insert body and thus is
free to swivel to a limited extent with respect thereto for accommodating minor axial

misalignment of the seat ring and bellows, as illustrated on Fig. 4. The seatring has



t her et hrough under normal conditions, but to close the bore upon |oss or
reduction 5 of pressure in the event of a predeterm ned condition. As shown
in the dewvaioBmeadiozs ews of Figs. | A and 2A, the fluid passag@emaysor/moii he
hanger includes a tubular insert 60 having a body nmounted in the |ateral
branch of the opening in the hanger. A poppet valve 62 is nounted on a
stem 61 which extends through a flow passage 63 in the body for novenent
toward and away from 10 a seat 64 which faces the outer end of the fluid

passageway ¢ Hﬁyp,r?, i hj QSe, I IS
mount ed i )r? %cﬂ—é%lbg?er P;bﬁﬁﬂéﬁ?ﬁl ﬁg ng%’g%'r?d p%,:)egm ngl%;&%ﬁbﬁéﬁﬂﬁ%ﬁﬁéﬁg its
outer tapered d.agai nst a taper.ed surfa in the .opening. A ring 67
urges a sioG ?ng‘e Oﬁ’ﬁsl?wg‘e@f’grﬂfiarﬁ@%ﬂ%%égr@{f'eajv‘f'ﬂ‘% ﬁ‘egrg%%ﬁ%g\d,'nttgecl ose
the bore through the insert body and locate its end in a position 15

pr oj ect i ngphedeal sifaerl obithe Hes¢mswhich peswita limitad sWiveling meovement witd of
the tubul ar body which has a flat seal surface 71 for sliding over the

paral l el fégbtectiys bnecarsthen the inner end of the bellows as the tubing
hanger is lowered fromthe position of Fig. 1 Ato the position of Fig.
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insert body and thus is, free to swivel to alinmted extent with respect
thereto f §Pag6'88rﬁiﬁ6%'?¢1@9 thadgorhihedpthrayghteo geatably engeae thediat sealinaind
bellows, as illustrated on Fig. 4. The seat ring has WD 03/001025

PCT/ US02/ 39€a6e 33%n the inner end of the bellows. Another seal ring 86 is received in a

groove 86A in the outer spherical surface of the seat ring for sealably engaging the
inner spherical surface 67A on the end of the insert during limited swiveling of the
10 seatring.

As previously described, the axes of the fluid passageway through the spool
and the fluid passageway through the insert form an acute angle with respect to one
another, and the flat seal surfaces on the inner ends of the bellows and seat ring
are parallel and extend at acute vertical angles with respect to a plane

15  perpendicular to the axes. This of course enables the sealing surface of the seat
ring to engage and then slide over the sealing surface on the bellows to cam the
bellows axially outwardly.

The face of the hanger in which its opening 51A is formed is perpendicular
to the axis of the opening, and the seal surface on the end of the insert projects

20 from the face, so that when lowered to the Fig. 1 position, it will engage a tapered
outer edge of the seal surface 33 of the fully expanded bellows. Since the bellows

is free to contract as shoulder 31 moves away from the shoulder 32 in the hanger



a port 80 through which stem 61 extends, and is rel easably nmounted on the
i nner end of the bellows by neans of a split ring 83B carried within a
groove 83woiog/ootees spherical surface of the insert, whichPpperusor/so9is mted
swi veling novenent with respect to one another. 5 A seal ring 85 is
nmounted in a groove 85A in the flat sealing surface of the seat ring
surroundi ng the port therethrough to sefp)ably engage the flat sealing
surface 33 on the inner end of the bellows. Another seal ring 86 is
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I nsert dur limted,s lin 10 seat ring. As previous
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fluid passagaeway through the insert forman acute angle with respect to one

anot her ndes position ¢hig. 2A).f dbéssamangdreenhinsuresntightcdeddlihg dneglabemmenand
seat ring are parallel and extend at acute vertical angles with respect to

a pl ane 1lhcpeeded pHilel 8t S48 safases. Thi s of course enabl es the sealing
surface of the seat ring to engage and then slide over the sealing surface

panger i n vihi ohS PRI Fiey B APHE b Gnst BsIBERE: irpd St < of
from the Mg ?geoéé‘n?@tew%{n@in%{%aﬁﬁ@énqr&é‘rﬁdﬁ%@éh incpeatiinerof the Il toomgage
a tapered outer edge of the seal surface 33 of the fully expanded bel | ows.
Si nce t hepbsitiboweyond its seal surface. ltis thus in position to be forced outwardly to open
the poppet valve (Fig. 2A) as the hanger is landed, thereby permitting the outside
source of the pressure fluid to pass through the line 53 to open the subsurface valve
10  in the tubing hanger.

As described in connection with Figs. 5, the outer end of the bellows is
mounted on the end of the stem to the flange to locate the bellows closely within the
outer end of the opening through the spool. As also shown in connection with Fig.

5, the flange is releasably mounted on a flat face on the outer side of the hanger by
15 means of a series of studs, and a gasket G is received in grooves about the flange
in the opposite face of the outer side of the spool on which the flange is mounted.

As shown in Figs. 4 and 5, a pin 93 is received through a hole 93A in the
flange 40 to permit its inner end to be threaded into a socket in the flat face on the
outer side of the spool. The socket is so located as to position the flat seal surface

20 onthe inner end of the bellows in proper position to be engaged and cammed by

the seal surface on the hanger, as previously described.



is free to contract as shoul der 31 noves away fromthe shoulder 32 in the
hanger WO 03/001025 PCT/ US02/ 19915 -10 opening, continued downward
novenent WO oshelobminger to the | anded position of Fig. 2AP@riusoraavi he
bell ows outwardly as the hanger continues to nove dowmwardly to |anded
position (Fig. 2A). This arrangenent insures tight sealing engagenent
between the parallel flat seal surfacesii5 As shown in Fig. 1A wth the
poppet valve closed, the end of the stemon which the poppet valve is

mount ed ext endgt wmrwghdé.%@@ay thogsikfied hﬁtHe%ﬂﬁatttﬁe%mt&StﬁHénP@h&%O“d
its seal surface. is thus in"position to be forced outwardly to open

t he poppe t S thereby permtiti t he
out si de égﬁfdc%s%gﬁ Ebﬁ% é@é@o@%ry qu OW%"%%?&“?%@%@P% EYi t??["l)@ otp'gp

t he subsurface valve 10 in the tubing hanger. As described in connection
wi th Fi gsPragticenaf g drvenfiprof Aqwr@iaglyo\itbeugzomeogﬁﬁl@@ idyentiaen shaulgl bene
stemto the flange to | ocate the bellows closely within the outer end of
t he openi mgdetstoodto intkidemmh. médifiehitansshisish arewithmtaetspirit ofitHdintémtion. 5,
the flange is releasably mounted on a flat face on the outer side of the
hanger by 15 neans of a series of studs, and a gasket Gis received in
grooves about the flange in the opposite face of the outer side of the
spool on which the flange is nounted. As shown in Figs. 4 and 5, a pin 93
is received through a hole 93Ain the flange 40 to permt its inner end to
be threaded into a socket in the flat face on the



outer side of the spool. The socket is so |located as to position the flat

seal surface 20 on the inner end of the bellows in proper

engaged awo osameesl by the seal surface on the hanger, asPpT@&sIDUBLY
described. WO 03/001025 PCT/US02/19915 -11 It will be understood by those
skilled in the art that the enbodi nent shown and described is exenplary

and vari ous ot her

nodi fi cations may be-dde in the practice of the

position to be

invention. Accordingly, the scope of the invention should be understood to
i ncl ude subhabisdilbinted isons which are within the spirit of the invention. WO
03/001025 PCT/ US02/ 19915 -12- What is clainmed is: 1. For use in a

hori zontalq treeqr @Sémoghopﬁétggtréeverti cal bore therethrough and 5 an

el ongat e openi ng having a

passageway therein connecting at one end

with the bore an ted to be connected at its other end wth a renote
ASaSetHH

source of pres

19 a t ubi ng hanger adapted to be lowered into a

| anded position within the bore of the spool and having 10 a vertical
from whi ch a tubi ng avertiegl base therethspmgidead wi t hin a

5

an elongate opening having a fluid passageway therein connecting at
one end with the bore and adapted to be connected at its other end

with a remote source of pressure fluid,

a tubing hanger adapted to be lowered into a landed position within the bore

of the spool and having

10

15

20

a vertical bore from which a tubing string may be suspended within a
well bore, and

an elongate opening having a fiuid passageway therein connecting at
one end with the outer diameter of the hanger and at its other end
with a fluid responsive downhole function within the wellbore, and
adapted to be oriented into a rotational position, when the hanger is
landed in the spool bore, in which the one end of its fluid passageway
is at least approximately axially aligned with the one end of the fluid
passageway in the spool,

the one end of each fluid passageway having a flat seal surface
engageable with a flat seal surface of the one end of the other fluid
passageway in order to fluidly connect the passageways when so

aligned,

bore



wel | bore, and an el ongate opening having a fluid passageway therein
connecting at one end with the outer dianeter of the hanger and at its

ot her endwowBmoas f | ui d responsi ve downhol e function w t hiPaTtuse2/vwi3 bor e,
and 15 adapted to be oriented into a rotational position, when the hanger
is landed in the spool bore, in which the one end of its fluid passageway
is at least approximately axially aligneg-with the one end of the fluid
passageway in the spool, the one end of each fluid passageway having a fl at

seal surface 20 e”%ﬁ@ﬁmdepé(%sta@e@\/d(y' Eluﬁﬁ?a%ééf ARG off orldSid"SF vieh G t he

other fluid passageway in order to connect the passageways en so
al i gned, WO 03/0010 P S02/ 9915 3 one fI assag. ng a
seat ring on one sid& gl.\;\“‘%chs pIned gnpi 3, gpheyica 5 ?Saﬂﬁ‘ 5%4%&1" cal
surface on its other_side for limted swveli ngf vvlthl n a spherical surface
on the adjacent end lipitethawivetiag pitbirag enbasricat Auriaceon e adjacknt erchof theng
and adj acent portion of the one fluid passageway which fluidly connect
Wi th one another desgmid passagavesy;axidal alignnent, the spherical surfaces
bei ng seal ably engageabl e i n surroundi ng
5 ports in the seal ring and adjacent portion of the one fluid passageway
which fluidly connect with one another despite limited axial alignment,
the spherical surfaces being sealably engageable in surrounding
relation to the ports to maintain fluid communication between them

during limited swiveling.

10 2. As in claim 1, wherein,
the seal surfaces maintain sealing engagement in surrounding relation to the

port in the seal ring during limited swiveling.

3.  Asinclaim 1, wherein
the spherical surfaces are held in close engagement with one another by a
15 split ring removably mounted in a groove in one spherical surface for limited

swiveling motion in a groove in the other spherical surface.

4. As in any one of claims 1 to 3, wherein



relation to the ports to maintain fluid conmunication between them during
limted swveling. 10 2. As in claim1, wherein, the seal surfaces mintain
seal ing ewgagemees in surrounding relation to the port i ®RCrhsSoyeals ring

during limted swiveling. 3. As in claim1l1, wherein the spherical surfaces
are held in close engagenent with one another by a 15 split ring renovably
mounted in a groove in one spherical sufface for limted swveling notion
in a groove in the other spherical surface. 4. As in any one of clains 1 to

3, wherein WD Qﬁé@lﬁi’fﬁﬁ%?@%@iﬁtﬁ%gﬂaﬁ er Wbt dEs é!tyh&ng}g%?ﬂﬁé{\ﬁe(%‘S%c{rge

hanger includes a tubular aving a bore w acl

ot her end d_a et valve nounted on a stemwhich reciprocates within
the bore é{ﬂﬁ’ Pss’{agﬁgﬁﬁ‘gpf%é’?& ?Ibc&\&ngl ? ROPPELVAVE m%&efﬁé HStem whigh end
of the stem being engageable with the seal surface of the spool 5

passagewayecingcafes Wihigdhe bore aneisspringprepsad tomard dhevgeatrio closerthe boper ni t
pressure fluid to be supplied to function. 5. As in claim4, wherein the

fﬁheL i cal tseirérat aofi thd etamdbeihgt Baghgseasie Withhine tdedl fdutdePap 1r8¥Eo| Of
e hanger.
5 passageway, as the hanger is lowered, to open the valve in order to permit pressure

fluid to be supplied to function.

5. As in claim 4, wherein
the spherical surface is formed on the insert within the fluid passageway of

the hanger.

10 6. As in any one of claims 1 to 5, where
a safety valve is installed in the tubing for opening and closing the tubing,
and said downhole function is an operator for opening the valve as the hanger is

lowered into landed position.

7. For use in a horizontal tree,
15 a spool having
a vertical bore therethrough and
an elongate opening having a fluid passageway therein connecting at
one end with the bore and adapted to be connected at its other end

with a remote source of pressure fluid,



10 6. As in any one of clains 1 to 5, where a safety valve is i [
the tubing for opening and closing the tubing, andysaid Sokﬁhgrzt?LL§?igg
i's an opewetoafofes opening the valve as the hanger is | owerdgo/moes | anded
position. 7. For use in a horizontal tree, 15 a spool having a verti cal
bore therethrough and an el ongate opening having a fluid passageway therein
connecting at one end with the bore apg_adapted to be connected at its
other end with a renpte source of pressure fluid, WO 03/001025

PCT/US02/19915 -15 a tubin a W@Q '
position wit hi"ﬁtttwég Eapg_er a@?"%ﬂ%@%w Fae?ﬂn{?g?/%ﬁgbg\%?ﬁdcgrmgg;ééa?%?n
which a tubing string may be suspended within a well bore, and 5 an

el ongat e affbeispgohand h@vindg | ui d passa i i

_ _ geway therein connectin t

with the outer diameter of the hanger and at its other end wigtﬁ1 ao?Ie 'Snd
responsi ve dovwgRekifed boeé ifiom whidh a tubiegvesting onay basgspaaged within Bé"’éﬂ
oriented into a rotational position, when the hanger is |anded in the spool

bore, in which e e end of its flui :
appr oxi mat el y b oRB ui d passageway i s at |east

5 an elongate opening having a fluid passageway therein connecting at one
end with the outer diameter of the hanger and at its other end with a fluid
responsive downhole function within the wellbore, and adapted to be
oriented into a rotational position, when the hanger is landed in the spool
bore, in which the one end of its fluid passageway is at least approximately

10 axially aligned with the one end of the fluid passageway in the spool,
the one end of each fluid passageway having a flat seal surface engageable
with a flat seal surface of the one end of the other fluid passageway in order
to fluidly connect the passageways when so aligned,
the axes of the fluid passageways forming an acute vertical angle with
15 respect to one another and the flat seal surfaces lying within parallel planes
perpendicular to the axes, and
one of the seal surfaces being resiliently urged inwardly toward the other and
thus positioned to be engaged by and then cammed outwardly by the other

seal surface as the hanger is lowered into landed position.



10 axially aligned with the one end of the fluid passageway in the spool,
the one end of each fluid passageway having a flat seal surface engageabl e
with a flwDoseado2surface of the one end of the other flui @aCpasszgenay in
order to fluidly connect the passageways when so aligned, the axes of the
fluid passageways formng an acute vertical angle with 15 respect to one
another and the flat seal surfaces lyinggswi thin parallel planes

per pendi cul ar to the axes, and one of the seal surfaces being resiliently

urged i nwar dly Aonedlginid 2, WhB&lin and thus positioned to be engaged by and
then caroned outwardly by the other seal surface as the hanger is | owered

into | anded pogyfti 25 PCT/ US02/ 19915 -16- 8. in clai.ns 7,
wherei o the FLung Mg eé‘é%%@é%ﬂ} the 5[58%3#5 OB%“kHQ@"%Wﬁﬁ% & pettms v iighaSoni o
is cl osel?/ received in the opening and on the end of which the seal
surface i §lasshnegeivestip the ppenivganden tre entiobivhichdhe spalswface is forawd o a
fl ange rel easably connected to the outer side of the spool to permt the
bel | ows amddt hus the seal surface to be replaced or repaired, the flange
has a port therein for connecting the outer open end of the bellows wth
the sogyrce of RKEgBENDLAETNd of the bellows is fixed to a flange releasably connected

to the outer side of the spool to permit the bellows and thus the seal surface to be

replaced or repaired,

the flange has a port therein for connecting the outer open end of the bellows
with the source of pressure and

10 the expansion of the bellow being limited to preload it in a position in which

its seal surface will be cammed outwardly by the other seal surface.

9. As in claim 7, wherein
the fluid passageway in the hanger includes a tubular insert having a bore
15 with a seat facing its other end and a poppet valve mounted on a stem which
reciprocates within the bore and is spring pressed toward the seat to close the bore,
the end of the stem being engageable with the seal surface of the spool
passageway, as the hanger is lowered, to open the valve in order to permit pressure

fluid to be supplied to function.



10 the expansion of the bellow being limted to preload it in a position in
which its seal surface will be camred outwardly by the other seal surface.
9. As in wbaBwnvin2s wherein the fluid passageway in the hangem/usnriwvdes a
tubul ar insert having a bore 15 with a seat facing its other end and a
poppet val ve mounted on a stemwhich reciprocates within the bore and is
spring pressed toward the seat to closej#he bore, the end of the stem being
engageabl e with the seal surface of the spool passageway, as the hanger is

| over ed, t1@ opefs ih@aiRloY §/H rder to permt pressure fluid to be
suppl i ed to function. 8"?%?025 PCT/ US02/ 19915 -17- 10. As in claim),

wherein a saf et L ve i nst e tubi n for opening and cl osing
t he tubing, 328’%"8 \?/Hﬁﬂﬁ%g#‘?fﬁ@t h@r‘fugyga#érSB pEGoRNd Gpﬁﬂiﬂam%@'bﬂﬂﬁa
val ve as the hanger is 5 lowered into | anded position. 11. For use in a
hori zont al@d ee, a spool having a vertical bore therethrough and an

el ongat e opening having a fluid passageway therein connecting at 10 one

end with the baeaid doenhoRIUABLGWISH GEETBRKEoFNIMG thel4108& a8RFk hanger is

5 lowered into landed position.

11.  For use in a horizontal tree,
a spool having
a vertical bore therethrough and
an elongate opening having a fluid passageway therein connecting at
10 one end with the bore and adapted to be connected at its other end
with a remote source of pressure fluid,
a tubing hanger adapted to be lowered into a landed position within
the bore of the spool and having
a vertical bore from which a tubing string may be suspended within a
15 well bore, and
an elongate opening having a fluid passageway therein connecting at
one end with the outer diameter of the hanger and at its other end
with a fluid responsive downhole function within the wellbore, and
adapted to be oriented into a rotational position, when the hanger is

20 landed in the spool bore, in which the one end of its fluid passageway



with a renote source of pressure fluid, a tubing hanger adapted to be

| onered into a | anded position within the bore of the spool and having a
vertical worog/obrein whi ch a tubing string nay be suspendedPgirtusoni®is 15 wel |
bore, and an el ongate opening having a fluid passageway therein connecting
at one end with the outer dianeter of the hanger and at its other end

with a fluid responsive downhole functipg.within the well bore, and adapted
to be oriented into a rotational position, when the hanger is 20 | anded in

th | b , [ i ' LU 025
PCT/ UB02/ 19015 - 18 o et SREATRIg ey bHLH SN e 0 one

end of the fluid pass way i.n the spool, the one end of each fluid
passageway havi ng aaqsq‘%%gwgy '%EDEF 38%& engageable with a flat seal surface
of the one end of the other fluid 5 passageway in order to fluidly connect
t he passageways wherth@@®neengmefdeaehduisk passagdway hatingha figissal seirfage
formed on the inner end of a conpressible bellows which is closely
recei ved and rel easavigageablewithl a fattdeRl 80FALE Sf tie bRAE WA the other fluid
5 passageway in order to fluidly connect the passageways when so
aligned,
the seal surface of the spool being formed on the inner end of a
compressible bellows which is closely received and releasably

mounted in the opening in the spool.

10 12. Asinclaim 11, wherein
the outer end of the bellows is connected to a flange releasably connected

to the outer side of the spool to permit the bellows and thus the seal surface thereon

to the replaced or repaired.

13.  Asin claim 12, wherein
15 the flange has a port therethrough forming a continuation of the open end of

the bellows for connection with the remote source.

14.  Asin claim 11, wherein

the spool opening in which the bellows is formed as an inwardly facing

20  shoulder, and



10 12. As in claim 11, wherein the outer end of the bellows is connected to
a flange rel easably connected to the outer side of the spool to permt the
bel | ows awo oBluw23 he seal surface thereon to the repl acesdCorusorpmis ed. 13.
As in claim12, wherein 15 the flange has a port therethrough formng a
continuation of the open end of the bellows for connection with the renote
source. 14. As in claim1l, wherein thejgpool opening in which the bell ows
is formed as an inwardly facing 20 shoulder, and WO 03/001025

PCT/ US02/ 19915 thelSutbh@naubEihee BElIGks tH &?'d&mrdmaaﬂg WQ‘ oohfcgff?r‘g

shoul der which is vyieldably urged toward engagenent w nwar

faci ng shqy I i Lein th es of the fluid
passageways Iﬁ %F"%%’ﬁe%@ﬁ‘{vémvgbﬁ%@%’f‘&%%‘i% W&}@@EEPQ %’c’c%‘?‘?fne anot her,
and the flat seal surfaces lie within parallel planes which forma vertical
angle with respect to the axes, and the seal surface on the spool extends
into the bore for engagenent and camm ng outwardly by the other seal

surface. 15. Asinclaim 11, wherein
the axes of the fiuid passageways form an acute vertical angle with respect
5  to one another, and
the flat seal surfaces lie within parallel planes which form a vertical angle with
respect to the axes, and
the seal surface on the spool extends into the bore for engagement and

camming outwardly by the other seal surface.

10  16.  Asin claim 14, wherein
the fluid passageway in the hanger includes a tubular insert having a bore
with a seat facing its other end and a poppet valve mounted on a stem which
reciprocates within the bore and is spring pressed toward the seat to close the
bore, and
15 the end of the stem is engageable with the seal surface of the spool, as the
hanger is lowered, to open the valve in order to permit pressure fluid to be supplied

to the function.



10 16. As in claim 14, wherein the fluid passageway in the hanger includes
a tubular insert having a bore with a seat facing its other end and a
poppet vawoasmowas ed on a stem which reciprocates w thi nPChaShwi®iand is
spring pressed toward the seat to close the bore, and 15 the end of the
stemis engageable wth the seal surface of the spool, as the hanger is

| onered, to open the valve in order to-pgfrmt pressure fluid to be supplied
to the function. WD 03/001025 PCT/US02/ 19915 -20- 17. As in claim 16,

wher ei n a 15af etAs inadiyien M6, ivhetathl ed in the tubing for opening and closing
the tubing, and said downhole function is an operator for opening the

valve as the hangegs) §aIVEC?WS?Qﬂé.dqﬁ10thlcﬁ[]8ﬁ% fBP%%h%?;’ and closing the tubing,

and said downhole function is an operator for opening the valve as the hanger is

lowered into landed position.



