SELF SEALING HYDRAULIC COUPLER Field of the Invention: This invention relates in
general to production of oil and gas wells, and in particular to a hydraulic coupler that is
bi-directionally self sealing. 2.Description of Related Art Actuators for valves and other
components in subsea wellheads and for subsea running tools, may be powered by hydraulic
fluid delivered from a pressurized hydraulic fluid source. The fluid is typically delivered through
a hydraulic circuit running across %(iﬁ%é onents, raulic couplers provide
a seal where the circuit crosses fr‘%ﬁ#g ﬁaé%‘ov%o‘% ‘;f Bette? W %current subsea
hydraulic couplings include elastomeric seals. However elastomers can degrade over time
and in responsé to their Gglskafithg Bryehtieinent and lose their sealing capability. Some
existing couplings employ metal-to-metal seals as primary seal elements. Known metal seal
hydraulic couplingg;lavenﬁ@ml@eéénn%ﬁ&m Wpidactude snamiindads wonditanalbarakleass gome

of the parts are, fr such as metal.o-rings or metal face seals. These types of seals are
easily misalign 3’%{%‘&&8“8 Brihakis Ristie ’t?é’ﬁqlé'rfﬁjﬁﬁe&}%nnectlon angle, and subject to

damage from debiris. The fraglle nature of the seals require small manufacturing tolerances
that substantially increafsssoipticnlofBelarY ADF INVENTION Disclosed herein is a hydraulic
coupler for use in a subsea WeIIhead that communicates fluid between a first and a second

member. In ong ek ivenlHRC 60 WElSF (oRIPSIRBRMANIARY GeNHEassiklgRRebEesHIRing
corrugated tub rﬁ?ﬁ‘f a I0\r/¥)er base connected to a lower end of the tubular. haw)ég a S|de for
c St

pressure com GRS DG e dREversdolenh febREsErizeg dp
through the lowetbaselianflippes baseanprieroiad thandopalyanrdaf mauhufaﬁﬂgaw?@san

upper side in pressure comm nication with n ambj ent to the second er,.a hore
extending throdgi#H& ‘G’éi&eraglﬁggmé’ﬂeé’l%ng%’f&?‘é?ﬁ aft’ds f(?a‘l’lﬁ?‘é“gep&sgal g%fﬁ the fEMfar, on
an end of the shefteafromppaicheathsaaied agathat. tieanyparrzasebidehdefimnicacpiptiagse

seal between the,u ase .hore a
Thelind eﬁasl?omenc seals. rﬁiowever clastomers can degrade over time and in response to

their operating environment and lose their sealing capability. Some existing couplings
employ metal-to-metal seals as primary seal elements. Known metal seal hydraulic
couplings are complex in design and include many parts. Additionally, at least some of
the parts are fragile, such as metal o-rings or metal face seals. These types of seals are
easily misaligned; require a precise connection and/or disconnection angle, and subject to
damage from debris. The fragile nature of the seals require small manufacturing

tolerances that substantially increase cost.

SUMMARY OF INVENTION

Disclosed herein is a hydraulic coupler for use in a subsea wellhead that communicates
fluid between a first and a second member. In one embodiment the coupler includes an
axially compressible and resilient corrugated tubular, a lower base connected to a lower
end of the tubular having a side for pressure communication with a passage formed in the
second member, a bore extending through the lower base, an upper base connected to an
upper end of the tubular having an upper side in pressure communication with a region
ambient to the second member, a bore extending through the upper base, an elongated
shaft coaxially disposed within the tubular, on an end of the shaft, an upper head seated

against the upper base and defining a pressure seal between the upper base bore and the
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region ambient to the second member, and on an end of the shaft opposite the upper head, a
lower head seated against the lower base and defining a pressure seal between the lower
base bore and the passage formed in the second member. The coupler can also include an
annular retainer circumscribing the tubular and adapted to be threadingly secured to the
second member, so that the lower base is wedged between the retainer and the second
member. A void may be included between the tubular and the retainer adapted to be in

pressure commifgieagBvigRttiothe eesiphrasnbrsmnhensacad @ theshsdromesie be kreshe sk an

annular bellows,peRREALR PRRRR I RHACH SR RAIGa R R 6-aRteninstver
member having_ a surface that engages with the upper base and circumscribes the u%o%r
n

head, so that catSOeRPIhsHseREakuedinthe srepadepsmbeim bhe seurlsrranalgizely

moves the uppenhaserEaindyeifouthe HRL e aslth ere Y Piea s HRgHkRedMESSHEers@dl the
between the outer r%%ad and bore in the upper base. Another embé%diment described herein is

a hydraulic coupTEPIBMERPR SO IPIaNG T LR RISRIBAPS TrLutehF P i E5ith
production subseanBéie Aydiauis Geuntiideabeatvaitl théitabelmchae canetainesedaprad tmbsibers,
each having a hydraulic fluid port, a hollow tubular mounted to the first member,and having a
rosiient comuo TSt SEE T A SRR BRI SrParE o i L S Eb g
in fluid communicatiowavhbllves IpydmaiicAlhtdopdethecgaiedhdammb anwpgde sedlidn an
upper end of the glecye.and (acino uparg e ower.seah Ajuersad of e sisays.end
facing downwardr, a poppet Mmermber coamaﬁy 3§|§ose in the Sleeve ?1avmg an upper end and
a lower end, soufret hdadrsoitbas et ingtie pppeidadewidxibtynetesiphesgupeseridgariatiolar the

upper end is in aeli00, ARG SR RL IS RS 26 ARG RL AL 8 RER0 G

engagement with the lower seat. Further disclosed’is a me hydraulically coupling
members usedietwetsstg enidrbeadisod parsdnéhionpper asembodiment the method includes
providing on a member used in subsea hydrocarbon production, a resilient and axially

compressible haligwdUbmbanpictieRxer ol RgSe s R diaulieRenFIBAAR WSS iaROmntupRRRE
member coaxizwbggfgosed in the sleeve with ends extending outside tjPe ?Sg’fs%@f the sleeve
i

and in sealing HRSAOIGRIPRRLUSed 18 hydragarbon MRAUSHIRS sy e e K eupiet
communicationcuyitihchiRgien aibéesidedbeanemarndets theioppasie kydlafitfuklgeyveds in

pressure com ication with a flow line in the member, compressing the sleeve hy applying
a force to an eg?aLi&Wﬁ%ggl(%%%%@fﬁtsﬂﬁrﬁ&émﬁ‘&ﬁﬁfeaﬁ gﬁﬁ‘é‘%ﬁ&ﬁb@ teﬁ?%ﬁ%%’%op@tlet at
the end of the siebvnygitadinihaxiortr iatadsnofdpaiealaposiisegetbelpap fieidodmeamalivitien
sealing engageme

between the poppet and the pther,end of the sleeve, flowing flui
iR R e R At R e e e
the sleeve, andlremeavihfading ipreardaigvassminthi sleeud culihstthe aekflieng dtoewearéturns

to It configUray O I g SdAgs e R RE M AR S ISRE S5 hRRPE ower end,
so that when the sleeve is in a pre-loaded axially compressed configuration, the upper end
is in sealing engagement with the upper seat and the lower end is in sealing engagement

with the lower seat.

Further disclosed is a method of hydfaulically coupling members used in subsea
hydrocarbon production. In an embodiment the method includes providing on a member
used in subsea hydrocarbon production, a resilient and axially compressible hollow
tubular or sleeve having seats at its upper and lower ends, a poppet member coaxially
disposed in the sleeve with ends extending outside the ends of the sleeve and in sealing
engagement with the seats, so that an end of the sleeve is in pressure communication with

a region ambient to the member and the opposite end of the sleeve is in pressure
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Brief Description of the Drawings: Figure | is a schematical sectional view of a hydraulic
coupler between a running tool and a tubing hanger. Figure 2 depicts in a side sectional view
-~ an embodiment of a hydraulic coupler in accordance with the present disclosure. Figure 3
illustrates a side sectional view of the hydraulic coupler of Figure 2 in an engaged
configuration. Figure 4 depicts in a side partial sectional view a force schematic of a simplified

embodiment of a hydraulic coupler. Detailed Description of the Invention .
cominunication with a flow line in the member, compressing the sleeve by applying a

force to an end of the sleeve thereby breaching the sealing engagement with the poppet at
the end of the sleeve where the force is being applied, pushing the poppet to breach the
sealing engagement between the poppet and the other end of the sleeve, flowing fluid
between the poppet and an end of the sleeve, through the cylinder, and out the other end
of the sleeve, and removing the force compressing the sleeve so that the resilient sleeve

returns to its configuration for sealing engagement between the sleeve ends and poppet.

Brief Description of the Drawings:

Figure 1 is a schematical sectional view of a hydraulic coupler between a running tool

and a tubing hanger.

Figure 2 depicts in a side sectional view an embodiment of a hydraulic coupler in

accordance with the present disclosure.

Figure 3 illustrates a side sectional view of the hydraulic coupler of Figure 2 in an

engaged configuration.

Figure 4 depicts in a side partial sectional view a force schematic of a simplified

embodiment of a hydraulic coupler.
Detailed Description of the Invention

The apparatus and method of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are
shown. This subject of the present disclosure may, however, be embodied in many
different forms and should not be construed as limited to the illustrated embodiments set
forth herein; rather, these embodiménts are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the invention to those skilled
in the art. Like numbers refer to like elements throughout. For the convenience in
referring to the accompanying figures, directional terms are used for reference and
illustration only. For example, the directional terms such as "upper", "lower", "above",

"below", and the like are being used to illustrate a relational location.
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The apparatus and method of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown.
This subject of the present disclosure may, however, be embodied in many different forms
and should not be construed as limited to the illustrated embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art. Like numbers refer to like

elements through§ . besndssteadthas famsabigctereharicsstHdisslassra porile gl the exact

directional termgeiits UEEsh{RLERIR! SPGARAHAT HRIATLRINY e FiBs BXRANB IR AIIGEIADA],
terms such as "upper”, "lower", "above", "below", and the like are being used to illustrate a

relational locati8h ™FERIINRs GRAGRITBI Mt Hes mRue s thansrakikddi dhssare ilhibe
limited to the exrstilgtoilsdabesrisirieti oo pevatiesn axaiiseaalalialfiraibbdigisnenss sleown

and described, as modjfications an uivalents will be apparent to one skilled, in the art. In
tho crawings o/ PLHS AR MePLIEE BRI CIECRch TRt P BB g e
subject disclosurel dexdriplinotegbe spBeifid detfos thegpapptoydthitasyna rcoaeihidyatigesubjectand
descriptive sense only and.not for the purpose of limitation. Accordingly, .t ubject
disclosure is thélrsec?c())%r o %gﬁf%? géoo%n{l}%@%ag r(is)1 (%’B’ett%fsﬁ?geaopﬁ)%% %%g(%é ggr(;céuéhown
schematically in a side partial sectional view in Figure 1 is an example of a hydraulic coupler
for use in coupHg Wy arhematinally Betwidenpartiahsasgaed vierainaiighied Hargexapplp #hi
example, a namigaieR! i aoled 10 & HPRIRONARARE 1id-opdis/deriomant WibhiN®and

wellhead housir:z%,or Eroduction tree (not shown). It can also set a seal o%ackoff between

tubing hanger 1 RECH L. TS el 18 VNS (AbllissqupleA &R a e Bagest 47 &

pipe 14 runningtsHip ARchiRGIUHESRATRA 8518 HhECH CARNBE RE (R eshyamulic soslBtakR2,
shown disposed between bath the running tool 10 and tubing hanger 12. The ﬁ@%&}%@“

connect on theft T 86 RO M5 LY SAGEDIBE PAnRRE A s Abhe 5on T B APRENE 499

passages 20. Aaspeiaeiaiaaue, Hiscaydraliipeauplensing Saniay elades pledaps)20feach
communicating hydraulic fluid acrgss an jnterface betyeen two adjacent components. Shown
Gepending from RAES G 4 NG I BSTOA N HISESTGE TG R AG T oo 10
pressurized hyattalisi:fii heigecomphapnisigaot aihevyon thét rage v agppatends yosehbiliiaabdy
directing hydraulic fluid to that compongnt,, Figure 2 provides an example of a hydraulic
coupler shown I ATt PR N AOTEEF 12 ot 8 A G P LR S i
Figure 2 matin@2nitin aiadidegahealydrway asfdcambataiicafiagydhaulic fmitpler$. hsiniifbe:
described in re detail below, when the tool 30 and hanger 32 are e d the coupler 34
orowides fuid R0 T S AR PRI ST 50 S R o
coupler 34 selfadhiitt phsstige 24rbodisndnttpfgRigupesSutivedylieulic doiptercdhincedetatmale
stab 36 shown_as a cylindrical mem depending dewn.from the.tunning taol re 38 is
Shown formedt o) M 4G heRerE SRR A O LGRS O Bl
communication with a fluid lead line 40 within the running tool 30. The bore 38 extends a

portion within FigUitalerseaisiaearimtabnliopf|mbydrmii st gorpren Bueyerdiitihes side

sectional view is shown of a running tool 30 is shown in Figure 2 mating with a tubing
hanger 32 and a detail of a hydraulic coupler 34. As will be described in more detail
below, when the tool 30 and hanger 32 are engaged the coupler 34 provides fluid flow
therebetween. When the tool 30 and hanger 32 are not engaged, the coupler 34 self seals.
In the embodiment of Figure 2, the hydraulic coupler 34 includes a male stab 36 shown
as a cylindrical member depending down from the running tool 30. A bore 38 is shown
formed in the stab 36 that extends along the stab 36 axis. The bore 38 is in fluid
communication with a fluid lead line 40 within the running tool 30. The bore 38 extends

a portion within the male stab 36; distribution lines 42 project obliquely away from the
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stab 36 axis to a cavity 43 provided on the stab 36 lower face. Through the bore 38 and
distribution lines 42, the cavity 43 is in fluid communication with the passage 40. The hydraulic
coupler 34 also includes a cylindrical female portion 44 that is substantially coaxial with the
male stab 36 and shown disposed within a pocket 46 in the tubing hanger 32 upper portion.
The female portion 44 includes an elongated poppet 48 oriented substantially along the axis

of the female portion 44. The po 48, s n for m an.elonga f1.oQ i %}Ie's
an upper poppatat s B8 SRR SR TR B e R PR b RS
poppet head 52igtmtios Bhexft B0twnd s #ipishe Hottcomeniohtine wibket pesesdPpoppet

head 51, 52 has a generally frusto-conical cross section and a largely planar surface provided

on opposing enfig 8Rdkdasing PRRSINGARLE RE S famRIe RRHIOPAIG SuSCHtIRGHAIE
poppet 48 is an annular sleeve 54. A disc-like upper base 56 forms the upper end of the
Sleeve 54 shouHTHEbBLEA BRI iR e A HEE SPRES A BB

upper base 56 thaipseg gotaivie TRt igrtidepofibe poiachiéacinglthgtayipyppst TRederttaur in
the bore 57 is formed tq match the fmsto-conical shape of the upper et head 51.
Moreover, the M@B’eﬁxf&ﬁe{ﬁéﬁ Bs élgf%eé??{g%%lfﬁ%‘%) %tpég)\g}v'ﬁgﬁl %n(’:%e%]ltfé(c)
forms a sealingusetéagete@sHiing0, dnchaldianigpexist pphekeath£] poppetinksich bh Fasog planar
lower surface that rests on the puter surface of the base 56..Similarly,,0 end of

sleeve 54 proxfr%vall{%%énbo?trg%eosﬁﬂhggpo%lgg}”ﬁ%p%pgﬁov%(? %%Seogg“%?t}ha%%bg%ds%gggﬁed
therethrough abatoontodredlerptivkesidie dEdtle foprettgddGhgthebetgonsrollyeusiveketiad.
Similar to the bgre 57 0n the, upper,base 56, the hore.59.is ¢ fe il thsinelined
surface on the‘ig%/%se%ref)(l)%np%r{ agé%geé%pf%né rv%ﬁ%%%gﬁ%ggé%% ?élr?%%%?g%%ﬁhg é%?fagegTﬁg pgﬁion

of the sleeve Sehiieoftherdethelupptpanid lower bases 56, 58 is an annular bellows 60 with an
undulating surface and its upper and lower ends connecting respectively to the upper and

lower bases SgirSnReleWS RO PspRelg N ANschihBR KBRS ME AisaRe applBhes omiialy

from steel. As will be described in more detail below, the female portion 44 of the hydé?ulic

coupling 34 is HEFERETANY e leareishadisresid BRrdBate BRI el 8er HEPREY Fead
51 diameter DrgraRieihioashtine higpbisbSodinmetoniodrmilie teitidtiache Huvitls Tieciogthe base
o8 (see Figurecg\)/ity 43. The contour in the bore 57 is formed to match the frusto-conical shape of the
upper poppet head 51. Moreover, the interface between the upper poppet head 51 and
bore 57 when in contact forms a sealing surface. Optional embodiments exist where the

poppet head 51 has a planar lower surface that rests on the outer surface of the base 56.

Similarly, on the end of the sleeve 54 proximate the bottom of the pocket 46 is a lower
base 58 with a bore 59 formed therethrough and contoured on the side of the bore 59
facing the bottom of the pocket 46. Similar to the bore 57 on the upper base 56, the bore
59 is contoured to mate with the inclined surface on the lower poppet head 52 and when
engaged form a sealing surface. The portion of the sleeve 54 between the upper and
lower bases 56, 58 is an annular bellows 60 with an undulating surface and its upper and
lower ends connecting respectively to the upper and lower bases 56, 58. Bellows 60 is
resilient and in an embodiment formed wholly or partially from steel. As will be
described in more detail below, the female portion 44 of the hydraulic coupling 34 is self

sealing in both directions across its axis by setting the upper poppet head 51 diameter D,



An annular retainer 62 is shown circumscribing the sleeve 54. The annular retainer 62 is a
tube-like member having an inner diameter exceeding the diameter of the upper head 56 and
the maximum diameter of the bellows 60. However, the lower base 58 outer diameter exceeds
the retainer 62 inner diameter so that the retainer 62 rests on the lower base 58 upper surface
when both are set within the pocket 46. Threads 64 are shown formed along corresponding
surfaces of the retainer 62 outer surface and pocket 46 inner surface. Engaging these threads
64 secures the PERaifeheptntbrHaNe bdietcs Badlirss deditetolity hadevss She
retainer 62 and jagtiem)of the pocket 46. Accordingly, the entire female portion 44 is anchored
within the pocket 46 by the retainer 62. In the embodiment of Figure 2, wedging the lower
base 58 into the,pocket 46 bottom forms a sealing surface §5. Although the threads 64.are
illustrated proxir%%%‘?ﬁfemlé%%? ézgéség%‘?ﬁgy%%nrll i &e(iq f)%%(lar?ial{lg%ﬁ%nﬁp%éer? lggreé%ésor
between the upptibearittdawerbbaseingén b8icrAlispete 6@dsdgipohefonaiend ibtveper teed 56
retainer 62 '””%ﬁ'%@eﬁ%&%ﬂnbﬁé&%?eﬁg ~ tﬂ%egé%wgo.ﬂﬁoﬁ@é&? £2 BLPIGSSYE outer

communication with pressure ambient to the tubing hanger 32 and’external to the pocket 46.

Normally the arfiigiapiepeasendictis leirinestationgedinnsiessaiedheireepen e mstrPHE NG
hanger 32 deptp, A %%Et}ie%dﬁ"d@é%{é‘ﬁ%é{\{ﬁ% thedxRinganess 34. benealll Bae.ROGIRH6.

The cavity 67 is intersected by a flow line 68 shown formed within the tubing hanger 32 in a

direction away frsmedropgcreesRondieBsutacsnating it FLruie sarfasrapdPoskeadodurss n

one example, agseinbling 18R IRRRIAR RRGFIQRVB9 MMM B2LIMBRIEHOPRARE 4@Tand
example, the shaft 50 may include two shaft members connected by a threaded fitting %%ot
ndrng

shown). In this ¥&48RbIteclonisBeatfondobehucsp She rasines f&eAud batsty ek herresk

recess, the sleeuRadiipEoMNRSeTEmaRGIARHAMQ RABBRIBOHIANSHE RURI4OBLIREkMERIS
embodiment, th%ﬁion of compressing the sleeve 54 preloads the sleeye 54 such that the
t

poppet 48 is mimtah AP RRRISH o HRIESn GRS RERR PRI 12 RYfifg} 40 bottom
embodiments ifietida tbipagaditings Atthedoppaibeads: ak ifidsennl proxlacadioe Rieasg the

shaft 50. As noted ahaye, in the configuration of Figure 2, the hydraulic coupler 34 i

Selt sealing anitaRelE fOPRGH T HHe IR SE A8 LD 0 CEBF AP i
flow or pressurbagesripps®vided within the flow line 68, the sealing surface between the poppet
head 52 and lower base 58 prevents flow or fluid within flow line 68 from making its way past

the coupler 34.,For floy {0 fétf;ngggemﬂq e%?a&%y%ﬁé&ﬁ%&é%ﬁ%@li@%&%f@&@r

between the upper poppet hea upper base 56 a e sealing surface between the

lower poppet h8lEG? BheisharedtiasersSsmesopaTvEesiradyithiressuiripbimmatetiranbern the
lower poppet e 3PARCHIWELNA5 RS R 96, BRARRRHHRIRERYISABRIEN FIJREHERING

hanger 32 is substantially larger than pressure within the Cavity 67 so that the bellows 60

compresses aNRisugFssusand Werepdepartba dubnahengsrom derthoicrap s & 58 mevidsser for
fluid to flow thraugh, HeGeR Ringér 1P BMPREHREAINQ S TRRE S A 30 REraaE bR d flow

line 68 shown formed within the tubing hanger 32 in a direction away from the pocket 46

and substantially paralle] to the female portion 44 axis.

In one example, assembling the poppet 48 and sleeve 54 involves a bisected poppet; for
example, the shaft 50 may include two shaft members connected by a threaded fitting (not
shown). In this example, each section of the poppet 48 is inserted through a
corresponding recess, the sleeve 54 is compressed, and the two poppet portions screwed
together. In this embodiment, the action of compressing the sleeve 54 preloads the sleeve

54 such that the poppet 48 is maintained in tension in the configuration shown in Figure



- Figure 3 illustrates an example of a flowing configuration of the hydraulic coupler 34a. In this
example, the male stinger 36 is moved downward within the pocket and aligned such that the
surface of the stinger 36 around the cavity 43 is in contact with the upper base 56 but not
contacting the upper poppet head 51 because of cavity 43. Applying a downward force
compresses the sleeve 54 (contracts the bellows 60) to breach the sealing surface between
the poppet head 51 and upper base 56. Continued downward pushing e es.the poppet
head 51 with the B3&E"RMhed ey m}%ﬂ%ﬁ%‘iﬁ({ﬁ&t}ﬂ%ﬁ@‘s‘ﬂ%ﬁ&@%}?& aé}(gv%r%w%rgﬁ/%r%) s the
poppet 48 to breaghvthddspahbsiwresm the lower poppet head 52 and lower base 58. The

- lower poppet head 52 abuts the cavity 46 base. This provides a flow path from the flow line 40

trrough the disyBion 43es ARG, IRBNS A4JaloANRaRMIN AL Ruplibsdioutiing At

When the male stinger 36 IS remove e bellows 60 expands to engage the upper_poppet

head 51. The biad perearsivdiloncinsithetdisessnt aetess berowresdp honesine o iy Rad
51 upward backtadhe Gloserpasiimeh Houkdineatamaianiappligactydiastatinaeppeire in

the space 66 and to the bellows 60 outer surface. The pressure inside the bellows 60 may be

less than hydrdi$edie? Measves base SSyripseriidosres Suid withrtorming Smmeidsa iy ds as

shown in Figurga3 MEIRING ROVLR fiouis fald FShep alicexaisus@resasadiosalting
explanation of why forming the bellows 60 diameter where it connL%%ts t&&?e loyver ba§e 58 to

be less than th&HBERPPEHE RIS PeRRFh BieA stiROd AIRAHP RS TR WIS

own,
force from pressywizingia WG ppa leadtonad letadishidase misabd bradheal prEsssealisgal
between the upper paoppet head 51 and upper e 56 will be maintained if the resultant force
of ambient preSSUiASSHSPIED thedlpy B%?é’%%%ﬁé%i%%?g% %gnéga%agrg\?vgrr%ﬁ%haﬁgs&rgas Vector.
Referring backdatrigtrestatitehaaps 36 smbegitiallyeioeusttn fottows witkipebdiony path,
resulting forces taken.al a period (90 degrees, 180 degrees, 360.de Syeencds A cel
resulting in a nék @l%hf’o%}god\%%{@a"é&f&ﬁﬁeﬁ%é’ (g%%s offsthg goc‘))ﬂepr)lg?p:?f%gég? the < irfr\% | iqe
version in Figulewkdepics thHpostiantaf flnidaelibuve GOaughitthétsogdemtaribeinpptatsoring

removed. From this view, gls%?}ﬁ'e%?eﬁc ela'that in order to compress the sleeve 54a, thereby

breaching the geal Petivedh’the upperepoppet head 51 and upper base 56, the forces resulting

from applied pressure on the upper base 56 must exceed the resulting forces of apgged

pressure, in arFigratdluresaom exmls b afloninponsorationnd rmdralic cawplss en
that the area ofy, {Ag WRARFIPARE mASURIGE! 38 RTHIGAE RIGAN4IE atian Ak bydistanmiipgethe

total upper surface area of the female portion 44 (shown having diameter D2) %ﬂd subtracting

the upper popseehititsa surfseeh B stRasTY ararmdtthersty isitdits iy CARPEiEHPRTEE%N the

bellows 60a fromyAsBRIGMERIEHRALEIS ERUN PSR Reting Ithecaissorbaie the: hepsiwiada
connects with the lower base 58 (shown having diameter D3) from thgz totizlgg%f)}zg%%?ce
il

area. Accordirfirerddescompssssthe ﬂg?‘fﬁé“féﬁ%‘ér?é%ﬁ’ﬁrli’ﬁlh’% 8})}9 i
have a resultagiibemwal theipeshiaetes ehydnpiuabaiR G sh€ praasede seawart pedinge
upper poppet 51 and upper base 56. This remains true even if the exter alﬁgdrolstattai% 3
pressure compTRess hePpendhied g Bathbenshof s RNy %éﬁ%ﬁaﬁ?’u HEIESHR e
base; which prayeatsiihely CasBPIRSHiIPPel 2R ARAAISsE Opevatioteddwdl irugljet head

connection is made between two members used in subsebat?Y}%rggv?.{)?gglgggd%ﬁ}isopr}b‘s“ e? as a
) .

running tool 16 AfRAACNEiREHahgEhelgwer poppet head 522
a flow path from the flow line 40 through the distribution lines 42 and the sleeve 54 into

the cavity 67 and the flow line 68. When the male stinger 36 is removed, the bellows 60
expands to engage the upper poppet head 51. The bias force/stored energy in the
contracted bellows 60 pushes the poppet head 51 upward back to the closed position of
Figure 2.



However, other members can include a remotely operated vehicle, casing hanger, wellhead
housings, and the like. Making the connection, as example of which is shown in Figure 3,
includes pushing the male stab 36 against the outer base 56 and breaching the pressure seal
between the upper poppet head 51 and contour in the bore 57. As noted above, the cavity 43
in the male stab 36 receives the poppet head 51 so the portion of the stab 36 around the
cavity 43 can apply a force against the female member 44 to compress the tubular bellows 60.
Further downwaieh wiajém gpotith bythakattgive3sudimiatehpereand ot izhovs tHoutwityrd@ewith

the poppet headigl {9 mave; dpqu%%ﬂw%g;ﬁgaggsg%@%hzl?%ysréé%aa@d hisaghdhe,seal

between the lower poppet head 52 and lower e lower base 58 is always wedged
against the sealii¢feittisaerasin dmpessivot aseh dheorauriau s hHoshingntietiewe3p dppiergad

52 to move relajiyg (OHREAWEEARFRRE AADIBIE SRS LRAN S XPIFGHRAGS A RIHBAYhe

through the bore 57, the sleeve 54, and bore 59 that communicates fluid between the running

tool 30 and tubPRYPAR§R Siamaion hdei SrRICEENdER lercibasmetipdisIresibaB Al poper

required, the cqippsasaibg forcaAgMpstingaleene sshjptctemmovad by ketiacting tecnaenstab
36. The resilient bellows 60 returns to its pre-loaded caonfiguration shown in Figure 2 and pulls

the poppet 48 UBSHZRE MR SFdPtignah ot sudecs 3rego us thgRrsssuesserl RetieBores
57, 59. The seliizeging ssppboheation Abthspée nslespaitiDbeddapitsHea siBNMQUIRsS thecoupler

34 is blocked. However, the coupler, 34.can be re-e ed at a later time with a stab 36, or
other device, 10 DIUCHE TR SLR GFE S LA 02 S AP Rt B ttba
described hereiRefaeigibtek i Welracbpied, ind assymomp dnchellain fhdotinds arpeativapidges
mentioned, as well as athers inherent therein. ile a presgntly prefery mbodiment has
been given for rﬁalrllpl)ttl)%ge%st%c %Iltsaqé 33%1?3?@ r%ré?g\l?ébcﬁ%ﬁgeessslgg%s%gﬁﬁsé Jagqu%gr S?Sprb' é(‘j’vélr%s
for accomplishimgdtiecdelingdiresultse dorexdirgoled tilenp dle stal Bbcoame g e Khescthapler

34 without cougiipg fhe qembers;in whieh he. Siah 36,800 GouUBIGE 3 12 IR ERRGINE
housed, for example the tubing harger nd runhmg tool 30. Similarly, in situations where
the stab 36 andsbiiensS#hovsinforrthieniag édathes: stab (B8 teerdse traloapewstbesitaye

coupler 34 WML SERPRYsch ieIhd SR BEING: &%ﬂg@@}g@a 831 FRangdpnlgstagt 30

These and other simila IC I readily sug mselves to those skilled in the
art, and are inténersoresylingdhon mprdisdaptasitmrothths pireo bae Joravishexaeehthseislinsed

herein and theﬁ?&@%ﬁ’&ﬁ[}ﬁeﬁ%‘?&’é&%ﬁjiﬁ'@ﬁ%ﬁw&é@“&‘i&é&ﬁlﬂj%}%‘i’iéﬁi to the bellows 60a. From
Figure 4, it can be seen that the area on the upper base 56 subject to ambient pressure is
found by determining the total upper surface area of the female portion 44 (shown having
diameter D,) and subtracting the upper poppet head 51 area (shown having diameter D;).
Similarly, the upward force on the bellows 60a from ambient pressure is found by
subtracting the area where the bellows 60a connects with the lower base 58 (shown
having diameter D3) from the total upper surface area. Accordingly, as long as D;
exceeds Ds, the force resulting from applied pressure will have a resultant in an upward
direction, thereby maintaining the pressure seal between the upper poppet 51 and upper
base 56. This remains true even if the external hydrostatic pressure compresses the
bellows 60a so the poppet 48 lower head 52 abuts the cavity 46 base; which prevents

further compression.

In one example of operation, a hydraulic connection is made between two members used

in subsea hydrocarbon production, such as a running tool 10 and a tubing hanger 12.



1. A hydraulic coupler for use in communicating fluid between members used in hydrocarbon
production subsea comprising: first and second subsea well members, each having a
hydraulic fluid port; a hollow tubular mounted to the second member and having a resilient
corrugated side wall and a longitudinal axis, the interior of the tubular being in fluid
communication with the hydraulic fluid port in the second member; a second seat in an end of
the tubular proximate the second member; a first seat on an end of the tubular gpposite

the second seat QG EleiRBEWASIPS SRR EudeiiasEdPoisie aPpBsel thistnn AR RaigPT
disposed in the welidan havsngdieskdandiseconknadse sshilafinhaetampibefatighinsahown

pre-loaded axially compressed configuration, the first end is in sealing enga ent with the
Fret seat antth LUEhe: EHLEA A CULT R I R SUE R SO PR

pressure seal between the upper poppet head 51 and contour in the bore 57. As noted
above, the cavity 43 in the male stab 36 receives the poppet head 51 so the portion of the
stab 36 around the cavity 43 can apply a force against the female member 44 to compress
the tubular bellows 60. Further downward urging of the male stab 36 ultimately engages
bottom of the cavity 43 with the poppet head 51 to move the poppet 48 with respect to the
sleeve 54 and breach the seal between the lower poppet head 52 and lower base 58. The
lower base 58 is always wedged against the sealing surface 65 in the pocket 46 bottom,
thus allowing the lower poppet head 52 to move relative to the lower base 58 and into the
cavity 67. This creates a flow path through the bore 57, the sleeve 54, and bore 59 that
communicates fluid between the running tool 30 and tubing hanger 32. When fluid flow
between the two members is no longer required, the compressive force against the sleeve
54 is removed by retracting the male stab 36. The resilient bellows 60 returns to its pre-
loaded configuration shown in Figure 2 and pulls the poppet 48 upward so that its upper
and lower heads 51, 52 sealingly reseat into the bores 57, 59. The self sealing
configuration of the female portion 44 ensures flow across the coupler 34 is blocked.
However, the coupler 34 can be re-engaged at a later time with a stab 36, or other device,

to provide fluid flow through the coupler 34.

The present system and method described herein, therefore, is well adapted to carry out
and attain the ends and advantages mentioned, as well as others inherent therein. Whilea
presently preferred embodiment has been given for purposes of disclosure, numerous
changes exist in the details of procedures for accomplishing the desired results. For
example, the male stab 36 can engage the coupler 34 without coupling the members in
which the stab 36 and coupler 34 are respectively housed, for example the tubing hanger
32 and running tool 30. Similarly, in situations where the stab 36 and coupler 34
housings are engaged, the stab 36 can be released from the coupler 34 without disengaged
their respective housings (e.g. hanger 32 and running tool 30). These and other similar

modifications will readily suggest themselves to those skilled in the art, and are intended



2. The coupler of claim 1, further comprising a cylindrical retainer coupled to and surrounding
part of the tubular and threadingly attached to the second member to thereby anchor the
coupler to the member. 3. The coupler of claim 1, wherein the poppet member is axially
movable relative to the first and second seats. 4. The coupler of claim 1, wherein a first end
of the tubular and an exterior of the tubular are adapted to be subjected to hydrostatic
pressure of water subsea and wherein a diameter of the tubular proximate the first seat is
greater than a dfabaesegosmasecdithin the shiriiefthe prseridreatiaaudiresih drretaddifor of
the tubular is subjecterie Spesea Waigk pressure, a force is exerted on the tubular that urges
the first seat against the first end of the poppet. 5. The coupler of claim 1, wherein the
tubular is disposed in a pocket formed within the second member. 6. The coupler of claim
1, wherein the first member comprises a male stab having a cavity on a surface that receives
an end of the tubular having the first seat, wherein the first end of the poppet comprises an
upper poppet head having a frustoconically shaped side facing the second end that is in
sealing contact with a seat in the first end when the tubular is in the pre-loaded axially
compressed configuration to define the sealing engagement between the first seat and first
end of the poppet member, and wherein the second end of the poppet comprises a lower
poppet head having a frusto-conically shaped side facing the first end that is in sealing contact
with a seat in the second end when the tubular is in the pre-loaded axially compressed
configuration to define the scaling engagement between the second scat and second end of
the poppet member, so that when the stab is pushed against the tubular, the tubular is axially
compressed to breach the sealing engagement between the first seat and first end of the
poppet member and the sealing engagement between the second seat and second end of the
poppet member.

10



7. The coupler of claim 5, wherein the second member further comprises a cavity in the
pocket base in fluid communication with the hydraulic port in the second member, so that
when the stab is pushed against the tubular, the tubular is axially compressed and the second
end of the poppet member extends into the cavity in the pocket base. 8. A method of
hydraulically coupling members used in subsea hydrocarbon production, comprising: a.
providing ot Bafiggieredded in subsea hydrocarbon production, an axially compliant hollow
tubular having seats at its ends, a poppet member coaxially disposed in the tubular with ends

extending outside tha-emets efuhiertybuiae andcishsealias: Rpoadansentwithibameatsseoithat

an end of the tubular is in pressure communijcation with a region ambient to the member and
the oppositdySHEBP I IRBIHEI IS TR S SLRRE M munication with a flow line within the

member; b. compressing the tubular by applying an axial force to opposing ends of the
tubular thereby briéathidgdbendeabisty ertjagentersisidtiveensthéyenadioftind poppets and the
seats; c. flowing fluid between the poppet and an end of the tubular, through the tubular,

and out the Otherfﬂalgwlﬂﬁ)ﬁw%ﬂrﬁ@pto the second member and having a resilient corrugated

side wall and a longitudinal axis, the interior of the tubular being in fluid communication

with the hydraulic fluid port in the second member;
a second seat in an end of the tubular proximate the second member;

a first seat on an end of the tubular opposite the second seat and facing away from

the second seat; and

a poppet member coaxially disposed in the tubular having first and second ends, so that
when the tubular is in a pre-loaded axially compressed configuration, the first end is in
sealing engagement with the first seat and the second end is in sealing engagement with

the second seat.

2. The coupler of claim 1, further comprising a cylindrical retainer coupled to and
surrounding part of the tubular and threadingly attached to the second member to thereby

anchor the coupler to the member.

3. The coupler of claim 1, wherein the poppet member is axially movable relative to

the first and second seats.

4. The coupler of claim 1, wherein a first end of the tubular and an exterior of the
tubular are adapted to be subjected to hydrostatic pressure of water subsea and wherein a
diameter of the tubular proximate the first seat is greater than a diameter of the tubular
proximate the second seat, so that when the exterior of the tubular is subjected to subsea
water pressure, a force is exerted on the tubular that urges the first seat against the first

end of the poppet.

5. The coupler of claim 1, wherein the tubular is disposed in a pocket formed within

the second member.
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d. removing the force compressing the tubular so that the resilient tubular returns to the
configuration in step (a) and sealing engagement reoccurs between the tubular ends and

poppet.

9. The method of claim 8, wherein the tubular is compressed with a male stab

having a cavity formed to receive the end of the poppet therein and fluid supply lines that
communicate into the seat when the sealing engagement is breached. 10. The method of
claim 8, whereif thecoublstapfisleonugatberein the first member comprises a male stab having a

cavity on a surface that receives an end of the tubular having the first seat, wherein the
first end of the poppet comprises an upper poppet head having a frustoconically shaped
side facing the second end that is in sealing contact with a seat in the first end when the
tubular is in the pre-loaded axially compressed configuration to define the sealing
engagement between the first seat and first end of the poppet member, and wherein the
second end of the poppet comprises a lower poppet head having a frusto-conically shaped
side facing the first end that is in sealing contact with a seat in the second end when the
tubular is in the pre-loaded axially compressed configuration to define the sealing
engagement between the second seat and second end of the poppet member, so that when
the stab is pushed against the tubular, the tubular is axially compressed to breach the
sealing engagement between the first seat and first end of the poppet member and the

sealing engagement between the second seat and second end of the poppet member.

7. The coupler of claim 5, wherein the second member further comprises a cavity in
the pocket base in fluid communication with the hydraulic port in the second member, so
that when the stab is pushed against the tubular, the tubular is axially compressed and the

second end of the poppet member extends into the cavity in the pocket base.

8. A method of hydraulically coupling members used in subsea hydrocarbon

production, comprising:

a. providing on a member used in subsea hydrocarbon production, an axially
compliant hollow tubular having seats at its ends, a poppet member coaxially disposed in
the tubular with ends extending outside the ends of the tubular and in sealing engagement
with the seats, so that an end of the tubular is in pressure communication with a region
ambient to the member and the opposite end of the tubular is in pressure communication

with a flow line within the member;

b. compressing the tubular by applying an axial force to opposing ends of the
tubular thereby breaching the sealing engagements between the ends of the poppets and

the seats;

c. flowing fluid between the poppet and an end of the tubular, through the tubular,

and out the other end of the tubular; and
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d. removing the force compressing the tubular so that the resilient tubular returns
to the configuration in step (a) and sealing engagement reoccurs between the tubular ends

and poppet.

9. The method of claim 8, wherein the tubular is compressed with a male stab having a
cavity formed to receive the end of the poppet therein and fluid supply lines that

communicate into the seat when the sealing engagement is breached.

10. The method of claim 8, wherein the tubular is corrugated.
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