WD 2010/ 005619PCT/ US2009/ 041856 1 HYDRAULI C CONNECTOR
CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s
application clains priority to U S. Provisional Patent

Rl j ion No. 61/061, 995, entitled
%&’r@?—g 9nnector", filed on June 16, 2008, ViF Y 2pag/041856
herein incorporated by reference in its entirety.
BACKGROUND [ 0002] This sectidn is intended to introduce
the reader to various aspects of art that may be
rel ated to various agjﬁjects of the Qresent i nvention,
whi ch are described ATEFSHcYATHE  bel ow. This
di scussion is believed to be hel pful in providing the
reader with background information to facilitate a
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BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of
art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not
as admissions of prior art.

[0003] As will be appreciated, oil and natural gas have a profound effect on
modern economies and societies. Indeed, devices and systems that depend on
ofl and natural gas are ubiquitous. For instance, oil and natural gas are used for
fuel in a wide variety of vehicles, such as cars, airplanes, boats, and the like.
Further, oil and natural gas are frequently used to heat homes during winter, to
generate electricity, and to manufacture an astonishing array of everyday
products.

[0004] In order to meet the demand for such natural resources, companies
often invest significant amounts of time and money in searching for and

extracting oil, natural gas, and other subterranean resources from the earih.
Particularly, once a desired resource is discovered below the surface of the earth,
drilfing and production systems are often employed to access and extract the
resource. These systems may be located onshore or offshore depending on the
location of a desired resource. Further, such systems generally include a
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[0007] FIG. 1 is a block diagram that illustraies a mineral extraction system in

accordance with an embodiment of the present invention;

[0008] FIG. 2 depicts a cross-section of a hydraulic connector separate from a
wellhead hub in accordance with an embodiment of the present invention;

[0009] FIG. 3 depicts a cross-section of the hydraulic connector lowered onto
a wellhead hub in accordance with an embodiment of the present invention;

[0010] FIG. 4 depicts a cross-section of the hydraulic connector showing a
ring of the connector in a locking position with the wellhead hub in accordance
with an embodiment of the present invention;



[ 0006] Vari ous features, aspects, and advantages of the
present invention will becone better understood when
the followi ng detailed description is read with
reference to the acconpanying figures in which |

ik
YRIPULOPE!S represent 1ike parts throughout tl}FeTIUSZﬂOSIMISSG
figures, wherein: [0007]FIG 1 is a block diagramthat
illustrates a mneral extra8tion systemin accordance
wi th an enbodi ment of the present invention;
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[0013] FIGS. 7A and 7B depict another cross-section of the hydraulic
connector of FIGS. 2-6 in accordance with an embodiment of the present
invention.

[0014] FIG. 8 depicts a hydraulic connector in accordance with an alternate
embodiment ¢f the present invention;

[0015] FIG. 8is a flowchart of a process for installing the hydraulic connector
of FIGS. 2-7 on the wellhead hub in accordance with an embodiment of the
present invention; and

[0016] FIG. 10 is a flowchart of g process for removing the hydraulic
connector of FIGS. 2-7 from the wellhead hub in accordance with an embodiment
of the present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0017] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of



3 [0011]FIG 5 depicts a cross-section of the

hydraul i ¢ connector showi ng a segnent of the connector
in a locking position with the well head hub in
accordance wi th an enbodi nent of the present
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[o0oa8E Nt Whan émodocing elements of various embodiments of the present

invention, the articles “a,” “an,” “the,” and “said” are intended to mean that there
are one or more of the elements. The terms “comprising,” “including,” and
“having” are intended to be inclusive and mean that there may be additionat
elements other than the listed elements. Moreover, the use of “top,” “bottom,”
“above,” "below,” and variations of these terms is made for convenience, but
does not require any particular orientation of the components.

[0019] Certain exemplary embodiments of the present technique include a
system and method that addresses one or more of the above-mentioned
challenges of connecting equipment to a wellhead hub. As explained in greater
detail below, the disclosed embodiments include a hydraulic connector having a
ring and a “fast lock” segment that engage recesses or other mounting features
on the wellhead hub. In certain embodiments, the hydraulic connector may
include muttiple hydraulic ports to receive hydraulic pressure to move
components of the hydraulic connector in a generally axial direction. The axial
movement of these components may activate radial movement of the ring and
the fast lock segment, causing engagement with the wellhead hub and moving
the connector into a locking position.

[0020] In certain embodiments, a first fluid pressure (e.g., hydraulic) causes a
first axial displacement to induce a first radial force (and displacement) to secure
the ring, and then a second fiuid pressure (e.g., hydraulic) causes a second axial
displacement to induce a second radial force (and displacement) to secure the
one or more segments. Release of the hydraulic connector from the wellhead
may also be facilitated by applying pressure to a hydraulic port to move
components in & generally axial direction to cause disengage the ring and the
segment and unlock the connector. In certain embodiments, a third fluid
pressure (e.g., hydraulic) causes a third axial displacement to enable radial



[0015]FIG 9 is a flowhart of a process for

installing the hydraulic connector of FIGS. 2-7 on the
wel | head hub in accordance with an enbodi ment of the
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large diameter hub that is disposed at the termination of the well-bore 20. The
wellhead hub 18 provides for the connection of the welthead 12 to the well 16.

[0022] The wellhead 12 typically includes multiple components that control
and regulate activities and conditions associated with the well 16. For example,
the wellhead 12 generally includes bodies, valves and seals that route produced
minerals from the mineral deposit 14, provides for regulating pressure in the well
16, and provides for the injection of chemicals into the well-bore 20 (e.g., down-
hole). In the illustrated embodiment, the wellhead 12 includes what is colloquially
referred to as a Christmas tree 22 (hereinafter, a tree), a tubing spool 24, a
casing spool 25, and a hanger 26 (e.g., a tubing hanger or a casing hanger).

The system 10 may include other devices that are coupled to the weithead 12,
and devices that are used io assemble and control various components of the
wellhead 12. For example, in the illustrated embodiment, the system 10 includes
a tool 28 suspended from a drill string 30. in certain embodiments, the tool 28
includes a running tool that is lowered (e.g., run) from an offshore vessel to the
well 16 and/or the wellhead 12. In other embodiments, such as surface systems,
the tool 28 may include a device suspended over and/or lowered into the
wellhead 12 via a crane or other supparting device.
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components can be run down to the wellhead 12 and disposed in the tubing
spool bore 34 to seal-off the well bore 20, to inject chemicals down-hole, to
suspend tools down-hole, to retrieve tools down-hole, and the like.

[0025] As will be appreciated, the well bore 20 may contain elevated
pressures. Accordingly, the mineral extraction system 10 employs various
mechanisms, such as seals, plugs and valves, to control and regulate the well 16.
For example, plugs and valves are employed to regulate the flow and pressures



[0021]FIG 1 is a block diagramthat illustrates a
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movement of the floating piston 56 until it engages and stops at the first piston 43.
In turn, the fluid pressure in the second fluid chamber 54 causes downward axial
movement of the second piston 44. The second piston 44 includes a second
energizing taper 64, which engages a mating taper 65 on the second fastener 47
(e.g., a "fast-lock” segment). In certain embodiments, the second fastener 47



generally nove along the axis 45 in response to fluid
pressure (e.g., liquid or gas) in a first chanber 53,

a second chamber 54, and/or a third chanber 55. As
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MWBJSGﬁHpiﬁx@edob40unconpressed state. The spring 68
bi ases the respective segnent 67 in an inward radi a
direction toward the axis 45. As the energizing taper
64 noves downward in response to the fluid pressure
agai nst the second piston 44, the tapers 64 and 65
slide al ong one another to force the second fastener
47 (i.e., the one or nore segnents 67) to nove in an
inward radial direction toward the axis 45. [0032] As
the first and second fasteners 46 and 47 nove in
radial inward directions, the fasteners 46 and 47
engage the mating fasteners 48 and 49. In certain
enbodi nents, the mating fasteners 48 and 49 may be



11 [0034]FIG 3 illustrates a cross-section of the
connector 40 | owered onto the well head hub 18 |n
preparation for creating a | ocking connection.

shown in FIG 3, the connector 40 may be | ower
WRaWEYHead hub 18, |eaving a gap between &7 ﬁ%&qw@ﬁgss
bott om surface 76 of the connector 40 and the wel |l head
hub 18. The | ocking of theidonnector 40, as descri bed
bel ow, engages the connector 40 flush with the
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[0036]FIG 5 illustrates a cross-section of the
connector 40 show ng actuation of the floating piston
56 and the second piston 44 to energi ze and engage the
second fastener 47 (e.g., one or nore segnen

WP eHOOHE S mt i ng fastener 49 (e.g., recess) $ﬁ%ﬂﬁé‘}°9’°4185‘5

wel | head hub 18. As di scussed above t he second
fastener 47 is responsive ti@ noverment of the second
pi ston 44. Thus, in the illustrated enbodi nent, a
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[0038] FIG 6 depicts a cross-section of the connector
40 during disengagement and renmoval fromthe well head
hub 18 in accordance wi th an enbodi nent of the

invention. In the illustrated enbodi ment, the fir
WRGILALEHY fasteners 46 and 47 are both di sepﬁérgbséiotg‘foﬁlm

response to a third fluid pressure applied to the
third port 61 as indicated 18y arrow 92.. I n response to
fluid pressure into the third port 61, the second
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gemgpaliyendal dgectiohamditated beamotsdfil nent descri bed above,
such as a body 102, a nut 104 and stud or bolt 106, a
first piston 107, a second piston 108, a floating

pi ston 109, a segnent 110 having a spring 112, and so
forth. Additionally, the connector 100 includes a
first hydraulic port 114, a second hydraulic 116, and
a third hydraulic port 118. However, in contrast to
the enbodi nent described in FIGS. 2-7, the connector
100 includes a bottom portion 120 that is nmanually
engaged to the well head 18. For exanple, the bottom
portion 120 may include a ring 122, such as a snhap



[0041] FIG 9 depicts an enbodi nent of a process 200
for installing the connector 40 into a | ocking
p05|t|on on the well head hub 18. In certain

nmbodi nents, the process 200 may be used for
WB&H’@@N Gh of a variety of conponents, such BEJ/US2009/041856
hangers, pipes, tubing, wellhead nenbers, other fluid

conduits, or the like, to tHe well head hub 18.
|n|t|aIIy the connector 40 may be positioned and
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17 CLAIM5 1. A fluid-driven connector for m neral
extraction equi pnent, conprising: a first piston
having a first axial range of novement responsive to a

first fluid pressure applied to a first fluigd
WORPLP6I st ener having a first radial rangd gf{l@%ﬁ/ﬁhﬂ%

nmovenent responsive to the first axial range of
nmoverment of the first pistdsd; a second piston
havi ng a second axi al range of novenent responsive to

a ond f|UId ure, ap Lied to,a seco i d.

& dabe share” St g akbeaR uR FEORAG 40 diking 122
mag b@|mdfnaalg&n0\fedm\tlﬁmpiﬁosi‘teﬂmm&h‘oétrtefwrcﬂ\em evhitex el third
range, o enent . . The fluid-drive nnect o
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g?dmnqs;ndudsm@ BE amhvﬂ as t a&lne/tng the thmneser d0do baderabvadamtie
of noyvenent, and st second axi directions
lgﬁw@ﬂ%ﬁﬁﬂe Vo erdahet wf eGSR ASb 3b, r Fren

f, cl I

RB1Y 5t o, SR Ao B et AR B B8
Ednmieckoc h@aimbea lockihg pbhidonn boitite delinead hobriBed cartadd ¢l ai m
3 erein fi irst
nodeisarbintodest 2o RO B lssH A e ABh WP el ok 2
cxfmpnneats smoheaseiEngees dipes.dulieg,omeal helbch meabees, ptred Suid
bet se t (] '

RS Py HERBCBTR pRI G 0. ARal, BRiscetlbidhay be
pd:suti Cdled rahd aligredrovec therwethead hubn 8 (blwtl@ﬂé) nThéeorfrieckr 40
f ener ' i RO-
b T FRisEOTR LB Folery NP 28 S fee kRPIELEY arhiihs Repftent o7
treatigndd witke thelnpriebporfdingsecesses dA.and 49 on the welthead hub 18
(block 204). To lock the connector 40 with the wellhead hub 18, hydraulic
pressure may be applied to the first hydraulic port 59 (block 208), as described
above, such as through a remote control system using hydraulic fluid. The
pressure causes the lower portion 52 of the connector 40 to move in an axial
direction (block 208) and engage the ring 46 with the wellhead hub 18 (block
208). To complete the connector 40 into a locking position, pressure may be
applied to the second hydraulic port 60 (block 212), moving the second piston 44
in an axial direction (block 214). As the piston 44 moves, it engages the segment
67, causing the segment 67 to move radially and engage with the corresponding
recess 49 of the welthead hub 18 (block 216).

[0042] FIG. 10 illustrates an embodiment of a process 300 for removing the
connector 40 coupled to the welthead hub 18 in a locking position. With the
connector 40 is in a locked position (block 302), hydraulic pressure may be
applied to the third hydraulic port 61 (block 304). In response to the hydraulic
pressure, the second piston 44 moves in an axial direction away from the
segment 67, allowing movement of the segment 67 in a radial direction away



18 6. The fluid-driven connector of claim1, wherein

the second fastener conprises a segnent having a

second taper that interfaces with a second energi zi ng
aper biased by the second piston. 7. The

WP&P]&’OWF%en connector of claim6, wherein tHe SBYREHES

conprises a spring biasing the segnent in a radia

direction. 8. A connector 16or a well head, conprising:

a body conprising two or nDre portions, mherein t he
unt ed t body

WO . Or re . port,i.o are
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4@ mag auiomaticalydisdngaye froini tha wellddad hubet 8; an ttesed & nadibnger
claim8, whereint one r.adial. nenber .
Sl PrsfielereEa R U R It SRR 2 mi PGl menj ity
thecesssdl. t he wel | head.
[0043] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is fo cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the
following appended claims.



12. The connector of claim1l, wherein the at |east

one radi al nenber conprises a second radial nenber

configured to engage anot her recess of the well head.
The connector of claim8, conprising a pluralit

WPZW@PSQEH ic ports configured to allow rmver?é:r:Ft’USa?w%ﬂé“

two or nore portions via hydraulic pressure applied to
one or nore of the pluralitly of hydraulic ports. 19
14. The connector of claim 13, wherein applying
pressure to a first hydraulic port noves a first
portion of the body such that the at |east one radia
GBAMS noves in response to the novenent of the first
portion. 15. The connector of claim13, wherein
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2. The fluid-driven connector of claim 1, wherein the first axial range of
movement is in a first axial direction to bias the first fastener in the first radial
range of movement, the second axial range of movement is in a second axial
direction to bias the second fastener in the second radial range of movement,
and the first and second axial directions are opposite from one another.

3. The fluid-driven connector of claim 1, comprising a floating piston
separating the first fluid chamber from the second fluid chamber.

4, The fluid-driven connector of claim 3, wherein the first chamber expands
between the first piston and the floating piston during the first range of axial
movement, and the second chamber expands between the second piston and
the floating piston during the second range of axial movement.

5. The fluid-driven connector of claim 1, wherein the first fastener comprises
a ring-shaped fastener having a first taper that interfaces with a first energizing
taper biased by the first piston.



19. The nethod of claim 16, conprising applying
hydraulic pressure to a second port of the connector
and noving a second portion in a second axi al

direction such that novenent of the second portion p
W38 Hgagement of a second radial nmember RMYPZY0418S
second recess of the well head. 20. The method of

claim19, wherein the secori® radi al nenber conprising
a spring coupled to a segnent. 21. The nethod of

laim 19 .C ri sing applying hydraulic pressure to a
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1, rising . renoving,.the first radial_ nenber .
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SIiBIg IBidsirg (s degmentimachdial dieofisgrgur ed to couple to the
wel | head assenbly, the connector conpri sing:

8. A connector for a wellhead, comprising:

a body comprising two or more portions, wherein the two or more portions
are movably mounted to the body and configured to move axially via hydraulic
pressure; and

at feast one radial member radially moveable in response to movement of
the two or more portions.

9. The connector of claim 8, wherein the at least one radial member
comprises a ring.

10.  The connector of claim 8, wherein the at least one radial member
comprises a spring configured to move the radial member in a radial direction.

11.  The connector of claim 8, wherein the at least one radial member
comprises a first radial member configured to engage a recess of the wellhead.

12.  The connector of claim 11, wherein the at least one radial member
comprises a second radial member configured to engage another recess of the
wellhead.

13.  The connector of claim 8, comprising a plurality of hydraulic ports
configured to allow movement of the two or more portions via hydraulic pressure
applied to one or more of the plurality of hydraulic ports.



a body conprising two or nore portions, wherein the

two or nore portions are novably nounted to the body

and configured to nove axially via hydraulic pressure;
| east one radial nmenber radially nove

d .
%@3&%@5@”{0 novenment of the two or nore porti 5.2{]&%,1.856

A nmethod for connection mneral extraction equi pnent,
conpri si ng: axially ni®ving a first piston al ong
a first axial range of novenent in response to a first
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first portion causes engagement of a first radial member with a first recess of the
wellhead.

17.  The method of claim 16, wherein the first radial member comprises a ring.
18.  The method of claim 16, wherein the first portion comprises a first piston.

19.  The method of claim 16, comprising applying hydraulic pressure to a
second port of the connector and moving a second portion in a second axial
direction such that movement of the second portion causes engagement of a
second radial member with a second recess of the wellhead.

20. The method of claim 19, wherein the second radial member comprising a
spring coupled to a segment.

21.  The method of claim 19, comprising applying hydraulic pressure to a third
port and moving the second portion in a third axial direction such that movement
of the second portion causes disengagement of the second radial member from
the second recess of the wellhead.
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22.  The method of claim 21, comprising removing the first radial member
manually.

23. A system, comprising:
a wellhead assembly; and
a connector configured to couple to the wellhead assembly, the connector
comprising:

a body comprising two or more portions, wherein the two or more
portions are movably mounted to the body and configured to move axially via
hydraulic pressure; and

at least one radial member radially moveable in response to

movement of the two or more portions.

24. A method for connection mineral extraction equipment, comprising:

axially moving a first piston along a first axial range of movement in
response to a first fluid pressure applied to a first fluid chamber;

radially moving a first fastener along a first radial range of movement in
response to the first axial range of movement of the first piston;

axially moving a second piston along a second axial range of mavement in
response to a second fluid pressure applied to a second fluid chamber; and

radially moving a second fastener along a second radial range of
movement in response to the second axial range of movement.

25.  The method of claim 24, wherein axially moving the first piston is in a first
axial direction to bias the first fastener in the first radial range of movement,
axially moving the second piston is in a second axial direction to bias the second
fastener in the second radial range of movement, and the first and second axial
directions are opposite from one another.



