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WELLSITE CONNECTOR WITH PISTON DRIVEN COLLETS
AND METHOD OF USING SAME

BACKGROUND

[0001] This present disclosure relates generally to connectors used in wellsite operations, More
specifically, the present disclosure relates to wellsite connectors, such as wellhead and/or subsea

connectors, for connecting wellsite components.

[0002] Various oilfield operations rhay be performed to locate and gather valuable downhole
fluids. Oil rigs are positioned at wellsites, and downhole tools, such as drilling tools, are
deployed into the ground to reach subsuiface reservoirs. Once the downhole tools form a
welibore (or borehole) to reach a desired reservoir, casings may be cemented into place within
- the wellbore, and the wellbore completed to initiate production of fluids from the reservoir.

Tubulars (or tubular strings) may be provided for passing subsurface fluids to the surface.

[0003] A wellhead may be provided about a top of the wellbore for supporting casings and/or
tubulars in the wellbore. A wellhead connector may be provided for connecting the wellhead to
surface components, such as a blowout preventer (BOP) and/or a Christmas tree. In some wells,
a tubular wellhead is located at the sea floor. During drilling operations, a riser extends from a
vessel at the surface down to the weilhead. A wellhead connector connects the lower end of the
riser to the wellhead, A wellhead connector may also be used to connect a subsea production

tree to the wellhead,

[0004] Connectors may be used in subsea applications. Subsea connectors are used to join
subsea devices in a subsea stack. If gas from the seabed migrates into a subsea connector, under
the right conditions, the gas can form hydrates, which are solids of hydrocarbon gases and water,
inside the connector. The hydrates may build up in the connector and interfere with operation of
the latching mechanism of the connector. To avoid or contro! hydrate buildup i the connector, a
hydrate seal may be used to prevent or control migration of gas into the connector. Some
examples of connectors are provided in US Patent/Application Nos. 4,557.508; 8.016,042;
7,614,453; 4,902,044 2010/0006298; 4606555; 4606555 and 5332043.



SUMMARY

[0005] In at least one aspect, there is provided a wellsite connector for connecting components of
a wellsite. The wellsite has a wellbore extending into a subsurface formation. The wellsite
connector includes a connector body, a piston and a plurality of collets. The connector body has
an end adapted for coupling to a first of the components and a cavity to receive a second of the
components. The piston is axially movabie in the connector body, the piston having a piston
profile along an inner surface thereof, the inner surface having a support ring and a latch ring
extending therefrom defining a pocket there between. The collets are positionable about the
connector body adjacent the piston and radially movable thereabout. The collects also have a
collet profile corresponding to the piston profile, the collect profile having a recess to receive the
support ring of the piston, a surface ring along an outer surface thereof receivable in the pocket of
the piston, the plurality of collets having a grip profile along an inner surface thereof selectively
engageable with the second of the components whereby the plurality of collets are selectively

latchabie about the second of the componenis.

[0006] The wellsite connector may also include a floatable seal member comprising a flexible
ring having a hole therethrough to sealingly receive the second of the components. The seal
member is slidably movable in a pocket of the connector body transversely to an axis of the
connector body whereby the second of the components is alignable fo the first of the component
for connection therebetween. The connector body includes a cover operatively connectable to the
first of the component and a sub having a hole therethrough to receive the second of the
component. The cover has a cover location thereon engageable with the collet profile of the
plurality of-collets. The connector body further includes a body ring operatively coupled between

the cover and the sub.

[6007] The plurality of collets have a body profile selectively engageable with the connector
body. The connecior body defines a collet cavity to receive the plurality of coliets. The plurality
of coliets are a movable distance from a receptacle of a cover and define a gap therebetween. The
connector body has an inner surface defining a cavity to slidingly receive the piston. The piston
includes a support ring on an inner surface thereof, the support ring defining a portion of the
piston profile to support the plurality of collets thereon. The piston includes a latch ring on an
inner surface thereof. The latch ring defines a portion of the piston profile to support the plurality

of collets. The piston includes a primary piston engageable with the plurality of collets and a



secondary piston supporting the primary piston. The secondary piston is slidably movable in the

connector body when the primary piston exceeds a maximum force.

[0008] The piston separates a cavity in the connector body into a first variable volume chamber
and a second variable volume chamber. The first variable volume chamber and the second
variable volume chamber are operatively connectable to a fluid source to selectively divert fluid
therein whereby the piston is movable in the connector body between an upstroke position anda
downstroke position. The components include at least two of a tubular, a casing, a riser, a

wellhead, a blowout preventer, a lJow marine riser pump, and combinations thereof.

[0009] As disclosed, there is provided a method of connecting components of a wellsite, the
wellsite having a wellbore extending into a subsurface formation. The method includes providing
a wellsite connector, the wellsite connector comprising a connector body having an end adapted
for coupling to a first of the components and a cavity to receive a second of the components; a
piston axially movable in the connector body, the piston having a piston profile along an inner
surface thereof, and a plurality of collets positionable about the connector body adjacent the
piston and radially movable thereabout, the plurality of collects having a collet profile along an
outer surface thereof corresponding to the piston profile of the piston and the plurality of collets
having a grip profile along an inner surface thereof selectively engageable with the second of the
components; operatively connecting the end of the connector body to the first of the components,
receiving the second of the components in the cavity of the connector body, and sclectively
latching the plurality of collets about the second of the components by selectively engaging the
collet profile of the plurality of collets with the piston profile of the piston and the grip profile of

the plurality of collets to the second of the components.

[0010] The method may also involve aligning the second of the components to the first of the
components for connection therebetween by siidably moving the seal member in the connector
body transversely to an axis thereof. The selectively Jatching may involve moving the piston by
selectively pumping fluid into the first and second variable chambers, supporting the plurality of
collets on a collet ring of the piston, pivotally moving the plurality of collets by axially moving
the piston in the connector body, engaging the piston profile of the piston with the collet profile
of the plurality of collets, pressing the plurality of collets against the second of the componenis by

engaging a latch ring of the piston with the plurality



of collets, retracting the plurality of collets by aligning the piston profile of the piston with the
collet profile of the plurality of collets, extending the plurality of collets by misaligning the piston
profile of the piston with the collet profile of the plurality of collets, selectively engaging a body
portion of the plurality of collets with the connector body, and/or operatively connecting at least
two of a tubular, a casing, a riser, a welthead, a blowout preventer, a low marine riser pump, and

cornbinations thereof.

[0011] In another aspect, there is provided a subsea connector for a tubular of a subsea wellsite.

The subsea connector inchudes a connector body having an open end to accept a
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tubular string or tool having a connection profile thereon, at least one collet movably mounted for
vertical support in said connector body, a fixed horizontal support in said connector bedy, for
selective contact with a first end of said collet, and at least one axially movable piston having a
support ring and a latch ring extending therefrom, the support ring receivable in a recess of the at
least one collet, the latch ring engageable with a lower end of the at least one collet, whereupon
selective movement of said piston cams a profile on a second end of said at least one collet to
engage and retain said profile to the tubular string or tool connection profile. The movement of
said at least one axially movable piston may cause said first end of said at least one collet to

contact said fixed horizontal support.

[6011a] In another aspect, there is provided a subsea connector for a tubular of a subsea wellsite,
comprising: a connector body having an open end to accept a tubular string or tool having a
connection profile thereon; at least one collet pivotally mounted in the connector body, the at
least one collet having a recess along a collet profile thereof, and at least one piston having a
support ring and a latch ring extending therefrom, the support ring receivable in the recess of the
at least one collet, the latch ring engageable with a lower end of the at least one collet whereby

the at least one collet selectively retains the tubular string or tool in the connecior body.

[0012] The foregoing general description and the following detailed description are exemplary of
the invention and are intended to provide an overview or framework for understanding the nature
and character of the invention as claimed. The accompanying drawings are included to provide a
“further understanding of the invention and are incorporated in and constitute a part of this
specification. The drawings illustrate various embodiments of the invention and together with the

description serve to explain the principles and operation of the invention,
BRIEF DESCRIPTION DRAWINGS

[0013] So that the above recited features and advanfages can be understood in detail, a more
particular description, briefly summarized above, may be had by reference to the embodiments
thereof that are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments and are, therefore, not to be considered
limiting of its scope. The figures are not necessarily to scale and certain features and certain
views of the figures may be shown exaggerated in scale or in schematic in the interest of clarity

and conciseness.

[0014] Figures 1A and 1B are schematic views of an offshore wellsite having a wellsite connector

connecting various components.



[0815] Figures 2A and 2B are vertical cross-sectional views of the wellsite connector of Figure

1A taken along line 2-2 and shown in unlatched and latched positions, respectively.

[6016] Figure 3 is a detailed view of a portion of the wellsite connector of Figures 2A and 2B in

an assembly position.
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[0617] Figure 4 is an exploded view of the wellsite connector of Figufe 2A.
[0018] Figure 5 is a flow chart depicting a method of connecting subsea components.

[0019] Fig. 6A-6C are cross-sectional views of the wellsite connector of Figure 1A taken along

line 6-6 in an unlocked state, an unlocked and misaligned state, and a locked state, respectively.
[0020] Figure 7 is a flow chart depicting another method of connecting subsea components.
DETAILED DESCRIPTION

[0021] In the following detailed description, numerous specific details may be set forth in order
to provide a thorough understanding of embodiments of the disclosure, However, it wiil be ciear
to one skilled in the art when embodiments of the disclosure may be practiced without some or
all of these specific details. In other instances, well-known features or processes may not be
described in detail so as not to unnecessarily obscure the subject matter. In addition, like or

identical reference numerals may be used to identify common or similar elements.

[0022] Wellhead connectors may have a housing which slides over the wellhead. In one type, a
plurality of dogs may be carried by the wellhead connector. The dogs may include grooves on
their interior sides. A cam ring may move the dogs inwardly into engaging contact with grooves
formed on the exterior of the wellhead. A plurality of pistons may be spaced apart from each
other circumferentially around the wellhead body to move a cam ring axially between a locked
and unlocked position. Alternatively, an annpular piston can be used to move the cam ring.
Because of the large cam ring cross-section and number of pistons, the subsea connectors may be

large, heavy, and expensive to manufacture.

[0023] Certain subsea connectors may employ grip segments that are radially actuated by a
piston that moves axially. For assembly of the connection, the annular piston may be above the
latching dogs so that a recess in the piston is situated to allow the dogs to retract as the
connection is assembled. When the annular piston is actuated, the piston may give support near
the upper and the lower ends of the latching dogs that are arcuate segments nested within the

annular piston.
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[0024] The disclosure relates to a wellsite connector, such as connectors with a stationary upper
support for the locking scgments that are rotated into locking position with actuating piston
movement so that a lower body profile can be used. The wellsite connector may have features,
such as a fixed upper collet support with collets configured to be installed or removed without
interference. The annular piston is disposed below the fixed support and is actuated axially to
rotate the collets about an upper profile in the top of the wellsite connector. An initial gap
between the collet and the fixed support permits the rotation. The piston height may be shorter,
and, with the piston top formed to the shape of the fixed support, may also contribute to the
height and associated weight reduction of the wellsite connector, A hydraulic system actuates the
piston. The wellsite connector may be a land-based or subsea connector for connecting various
wellsite components, such as a tubular, a casing, a riser, a wellhead, a blowout preventer, a low

marine riser pemp (LMRP}, etc.

[0025] The subject matter seeks to provide a design that is compact, light and economical to
build. The design provides a fixed upper support for latching dogs or collets in the housing
separated from the piston. In the piston up position, a clearance to the fixed support combined
with the piston configuration allows the collets to be held retracted at their lower end for
assembly. Axial downward movement of the piston rotates the lower end of the collets to engage
the mating pattern on the well tubular while moving the top of the collets to the stationary

support to lock the marine riser or wellhead to the well tubular.

[6626] The overall height of the design may be reduced as no parts of the piston may need to be
above the collets for assembly of the connection when the connection is fully assembled and
moved onto a wellhead or a riser in the unlocked position. The collets pivot about the upper
profile on assembly and space is provided adjacent the fixed support to accommodate such collet
rotation without binding. The design may be configured to make instailation and removal of the
collets simpler, and to remove interference as the collet fingers open. These and other aspects of
the present disclosure will be more readily apparent to those skilled in the art from a review of
the description of the preferred embodiment and the associated drawings while recognizing that

the full scope of the invention is to be found in the appended claims.
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[6027] Figures 1A and IB depict an offshore wellsite 100 with various connection
configurations. The wellsite 100 has a subsea systern 102 and a surface system 104. The
welisite 100 is described as being a subsea operation, but may be for any wellsite environment
{e.g., land or water based). The subsea system 102 includes a wellhead 106 extending from a

welibore 112 in a sea floor 114, and a wellsite connection assembly 108 thereabove.

[6028] Figure 1A shows a connection assembly 108 which includes a pair of BOPs 111, a
mandrel 107, and a pair of wellsite connectors 110a,b. An upper of the pair of wellsite
connectors 110a,b is depicted as connecting an upper of the pair of BOPs 111 with the mandrel
107. The mandrel 107 connects the upper wellsite connector 110a.b to a lower of the pair of
BOPs 111. The lower of the pair of wellsite connectors 110a,b is depicted as connecting the
lower BOP 111 to the wellhead 106.

[0029] Figure 1B shows another connection assembly 108" which includes an LMRP 105, a
mandrel 107, a Jower stack 109 and a pair of wellsite connectors 110a,b. An upper of the pair of
wellsite connectors 110a is depicted as connecting the LMRP 105 with the mandrel 107. A
lower of the pair of wellsite connectors 110b is depicted as connecting the lower stack 109 1o the
wellhead 106. A subsea controller 120 is provided for operating, monitoring and/or controliing
the wellsite connector{s) 110a,b, the LMRP 105, the lower stack 109 and/or other portions of the

wellsite 100.

[0036] While Figures 1A and 1B show specific configurations, a variety of wellsite components
(or devices) may be operatively connected, such as one or more tubulars, casings, risers,
wellheads, blowout preventers, low marine riser pump, combinations thereof, and the like. One
or more wellsite connectors may connect one or more pairs of components. One of more of the

same or different component and/or connectors may be used.

[6¢31] The surface system 104 includes a rig 124, a platform 126 (or vessel), a riser (or tubular)
128 and a surface controller 122. The riser 128 extends from the platform 126 to the connection
assemblies 108, 108" for passing fluid therethrough. Part (or all of) the riser 128 and/or wellhead
106 may pass through the connection assembly 108, 108’ and provide fluid communication

therebetween.
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[6032] The surface controller 122 is provided for operating, monitoring and/or controlling the rig
124, platform 126 and/or other portions of the wellsite 100. As shown the surface controller 122
is at a surface location and the subsea controller 120 is at a subsea location (e.g., at the platform
126, a vessel (not shown) or offsite). However, it will be appreciated that the one or more
controllers 120/122 may be located at various locations to control the surface 104 and/or the
subsea systems 102. Communication links 130 may be provided for communication with

various parts of the wellsite 100, such as the controllers 120/122,

[6033] Figures 2A — 4 show various views of the wellsite connector 110b of Figure 1A. The
wellsite connector 110b as shown is a subsea connector connecting two subsea components,
namely a BOP 111 and a wellhead 106. Figures 2A and 2B depict vertical cross-sectional views
of the wellsite connector 11b in an unlatched and a latched position, respectively. Figure 3
shows a detailed view of a portion of the wellsite connector 110b being assembled, with the
upper component supported on the coliets for rapid assembly. Figure 4 shows an exploded view

of the wellsite connector 110b.

[0034] The wellsite connector 110b includes a connector body 232, a piston {or annular piston or
sleeve) 234, and grip collets (or locking dogs or fingers) 236, The connector body 232 includes
a cover 238, a body ring 240 and a sub 242. The BOP 111 is secured with bolts 252 and sealed
with seal 214 (e.g.. a metal, elastomeric or other seal) to the connector cover 238. Cover 238 is
secured to body ring 240 using bolts 254, Body ring 240 is secured to lower sub 242 using bolts

256. An axis X extends longitudinally through the wellsite connector 110b.

[0G35] The BOP 111 has a bore 246 in fluid communication with bore 248 in the cover 238, A
fluid passageway 244 extends throngh the wellsite connector 110b and is in communication with
the bore 246 of the BOP 111, the bore 248 of the cover 238, and a bore 230 of the wellhead 106

for passage of the fluid therethrough,

[(036] The piston 234 is positioned in a cavity 265 of the connector body 232, Figure 2A shows
the piston 234 stroked up with the collets 236 in a retracted position. Figure 2B shows the piston
234 stroked down to secure the wellsite connector 110b to the wellthead 106. In the example of
Figure ZA, the wellsite connector 110b is lowered onto a wellbore tubular 106 with the piston

234 in a raised position and collets 236 in a retracted (or disengaged) position to receive the
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wellhead 106. Once in position about the wellhead 106, the wellsite connector 110b may be
activated to move to the latched position of Figure 2B with the piston 234 lowered to engage the
collets 236 with wellhead 106.

[0037] Lower sub 242 has an open lower end 258 that accepts a wellbore tubular, such as
wellhead 106. Wellhead 106 has a wellhead profile (or threads or gripping features) 260 near its
upper end 262. Grip collets 236 are an array of circumierential segments having a body profile
(or threads or gripping features) 266a about an upper end thereof and a grip profile (or threads or
gripping features) 266b about a lower end thereof. Body profile 266a is suspended for assembly
to the body ring 240 at cover profile {or location) 264 on the cover 238 as shown in Figures 2B

and 3. Body profile 266a is receivable at cover profile 264 about cover 238.

[6038] As shown in FIG. 3, cover profile 264 is a support location for the collets 236 during
assembly. Gaps 268 occur above cover profile 264 to allow the collets 236 room to rotate
radially inwardly to clear grip ring 270 that is preferably integrally formed to the piston 234. On

assembly, a recess 272 will register with support ring 270 of piston 234, as shown in FIG. 2A.

[0039] A latch ring 275 is also integrally formed on the piston 234 to support the collets 236.
The support ring 270 and latch ring 275 define a piston profile along an inner surface of the
piston. As that occurs, the gap 268 shown in FIG. 3 will close putting the collets 236 in full
registry with the surrounding annular piston 234. However, to avoid interference on assembly,
there may stili be a gap seen in FIG. 2A between a sapport surface 276 that is fixed and a part of
the body ring 240. The connector body 232 defines a receptacle 279 therein about cover 238 and
body ring 240 for receiving the collets 236, and surface 278 near the top 280 of the collets 236

that will ultimately be in contact when the piston 234 is actuated.

[G048] Piston 234 forms a variable volume chamber 282a along an inner surface of the connector
body 232 in the cavity 265 between the body (or connector) ring 246 and sub 242, The variable
volume chamber 282a may be accessed through passage 284a to supply hydraulic pressure from
a fluid source 283 to hold the piston 234 in the FIG. 2A upper position. FIG. 2B illustrates an
opposite variable volume chamber 282b that is accessed through passage 284b to apply hydraulic
pressure to move the piston 234 io the FIG. 2B position.
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[6041] Downward movement of piston 234 rotates the collets 236 about cover profile 264 to
close the gap between surfaces 276 and 278, which in turn pushes the profiles 264 and 266a
together while grip ring 270 rides down surface ring {or ramp) 286 of collets 236 until a surface
of grip ring 270 aligns with the surface ring 286 of collet 236 to push lower end 290 of the
collets 236 inwardly to lock profiles 264 and 266a together, as shown in FIG. 2B, A pressure
energized metaj gasket 273 may be provided around the wellhead 106 and the cover 238 to seal
the interface between the wellhead 108 and cover 238, and thereby prevent leakage of fluids
from the passageway 244, Other seal members and/oz seals may be provided about the wellsite

connector as described herein.

80421 An upper end 292 of the piston 234 conforms to the shape of a fixed support 294 that
extends radially from the body ring 240. Piston 234 does not need to extend above coliets 236
which may reduce component height and may save weight and space while still allowing retrofit
with other designs using a similar latching concept. Fixed support 294 is in a sense a cantilevered
structure, and being abutied to the cover 238 gives it some additional support when the surface

278 of collet 236 presses on bearing surface 276 of the fixed support 294.

[0843] Those skilled in the art will appreciate that piston 234 can be a single annular piston or a
plurality of smaller pistons each acting on a discrete collet 236. An additional backup piston 277
is shown. This additional piston may be activated as needed, for example, to move with piston

234 when additional pressure is apphied to the wellsite connector,

[0044] The use of the fixed support and the conforming shape of the piston 234 may allow for a
shorter piston that is in general axial alignment with the collets 236 for assembly of the
connection as in FIG. 2A and for the laiched operating position as in FIG. 2B. This may reduce
the size of the wellsite connector 110b, and may make it lighter and cheaper to produce. The
location of the grip profile (or support location) 266b and contact above that [ocation may allow

the collet lower ends 290 to swing out for assembly without interference.

[8045] On removal, the collets 236 again can retract so that they can be easily pulied with the
cover 238 as illustrated in FIG. 3 for installation as well as for removal. The initial gap 268
between the upper ends 278 of the collets 236 and the bearing surface 276 along with the

positiening of the grip profile 266b may seek to allow rapid assembly of the collets 236 and their
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removal without interference issues. The wellsite connector 110b may be lowered to the wellbore
on the BOP 111 and deployed by a riser 128 o the subsea location for assembly as shown in
Figures 1A and 3. The wellsite connector 110b may be pre-assembled onto the BOP 111 (and/or
riser 128) for attachment to the wellhead {or tubular) 106 as shown by Figures 1A and 2A.

{0046} Figure 5 shows a flow chart of a method 500 of connecting wellsite components. The
method involves providing 595 a wellsite connector. The wellsite connector includes a
connector body having an end adapted for coupling to a first of the components and a cavity to
receive a second of the components, a piston axially movable in the connector body (the piston
having a piston profile along an inner surface thereof), and a plurality of collets positionable
about the body adiacent the piston and radially movable thereabout. The collets are positionable
about the connector body adjacent the piston and radially movable thereabout, have a collet
profile along an outer surface thereof corresponding to the piston profile of the piston, and a grip
profile along an inner surface thereof selectively engageable with the second of the components.
The method also involves 596 operatively connecting the end of the connector body to a first of
the components, 597 receiving a second of the components in the cavity of the connector body,
and 598 selectively latching the plurality of collets about the second of the components by
selectively engaging the collet profile of the collets with the piston profile of the piston and the

grip profile of the collets to the second of the components,

[0047] The piston may separate a cavity in the connector body into first and second variable
volume chambers, and the selectively latching may involve moving the piston by selectively
pumping fluid into the first and second variable chambers. The selectively latching may involve
-supporting the plurality of collets on a collet ring of the piston, pivotally moving the plurality of
collets by axially moving the piston in the connector body, engaging s piston profile of the piston
with a collet profile of the collet, pressing the plurality of collets against the second of the
components by engaging a latch ring of the piston with the plurality of collets, retracting the
plurality of collets by aligning the piston profile of the piston with the collet profile of the
plurality of collets, extending the plurality of collets by misaligning the piston profile of the
piston with the coliet profile of the plurality of collets, and/or operatively connecting at least two

of a tubular, a casing, a riser, a wellhead, a blowout preventer, a low marine riser pump, and
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combinations thereof. The method may also involve selectively engaging a body portion of the

plurality of collets with the connector body.

[6048] The wellsite connector may also include the floatable seal member including the flexible
ring having the hole therethrough to sealingly receive the second of the components (the seal
member slidably movable in the connector body transversely to an axis thereof). The method
may also involve aligning the second of the components to the first of the components for
connection therebetween by slidably moving the seal member in the connector body transversely

to an axis thereof. The steps may be performed in any order, and repeated as desired.

{6049] In another aspect, the disclosure relates to a subsea connector for forming a connection
between a first subsea device and a second subsea device. The subsea connector comprises a
connector body having an end adapted for coupling to the first subsea device and a cavity
adapted to receive a connecting member of the second subsea device. A seal member 1s arranged
in the cavity to provide the subsea connector with a hydrate seal when the connecting member
extends through the seal member. The seal member is floatable in a direction transverse to a
longitudinal axis of the connector body in order to safely permit a predetermined range of

angular misalignments between the connector body and the connecting member.

{6059] A subsea connector for forming a connection between a first subsea device and a second
subsea device includes a connector body having an end adapted for coupling to the first subsea
device and a cavity adapted to receive a connecting member of the second subsea device. A seal
member 15 arranged in the cavity to provide the subsea connector with a hydrate seal when the
connecting member extends through the seal member. The seal member is floatable in a direction
transverse to a Jongitudinal axis of the connector body in order to safely permit a predetermined
range of angular misalignments between the connector body and connecting member. The
subsea connector may be a subsea or land-based wellsite connector for connecting various
wellsite components, such as a tubular, a casing, a riser, a welthead, a blowout preventer, a low

rise marine pump, eic.

[0051] Figures 6A — 6C show various views of another wellsite (or subsea) connector 110a. The
welisite connector 110a as shown is a subsea connector connecting two subsea components,

namely the BOP 111 and mandrel 107 of Figure 1B. Figures 6A — 6C depict vertical cross-
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sectional views of the wellsite connector 110a in an unlatched, an unlatched misaligned, and a
latched position, respectively. Featares of the connector 110b of Figures 2A-3 may be used with

the connector 1104, and vice versa,

[0052] The subsea connector 110a has a connector body 602 having a fongitudinal {or axial} axis
604. The connector body 602 has a connector base {or sub) 606 and a connector head (or cover)
608, A cavity 615 is defined in the connector base 606, and the connector head 608 extends
partially into the cavity 615. A bore 612 defined in the connector head 608 extends from a top
end 614 of the connector head 608 to the cavity 615.

[0053] A connecting flange 616 of a first subsea device (e.g., BOP 111) is fastened to the
connector head 608, and the connecting mandrel 107 of a second subsea device (e.g., another
BOP 111} and is partially received in the cavity 615. To form a connection between the first
subsea device and the second subsea device, the connecting mandrel 107 can be locked to the
connector body 602 using a svitable locking mechanism, an example of which will be described

pelow,

[6054] The subsea connector i10a has an unlocked state, as shown, for example, in Figs. 6A and
6B, where the connecting mandrel 107 is not locked to the connector body 602. The subsea
connector §10a also has a locked state, as shown in Fig. 6C. where the connecting mandrel 107 is
locked to the connector body 602. In the locked state, the first subsea device and the second
subsea device are joined together by the subsea connector 1102. In the unlocked state, the first
subsea device and the second subsea device are not joined together by the subsea connector

110a.

{0055] When the subsea connector 110a is in the locked state, as shown in Fig. 6C, the
longitudinal axis 619 of the connecting mandrel 107 is aligned with the longitudinal axis 604 of
the connector body 602. Also, a bore 621 of the connecting mandrel 107 is aligned with a bore
612 of the connector head 608, which would allow passage of tools and fluids through the subsea
connector 110a. A gasket 642 (e.g., a pressure energized metal gasket) may be provided around
the connecting mandrel 107 and the connector head 608 to seal the interface between the
connecting mandrel 107 and the connector head 608, and thereby prevent leakage of fluids from

the aligned bores 612, 621 into the cavity 615 as shown in Figure 6C.
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[6G56] While the subsea connector 110a is transitioning between the locked state and unlocked
state, the connecting mandrel 107 or the connector body 602 may assume various tilted positions,
which would lead to angular misalignment between the longitudinal axes 604, 619 of the
connector body 602 and connecting mandrel 107, respectively. Angular misalignment between
the longitudinal axes 604, 619 may also be expressed simply as angular misalignment between
the connector body 602 and connecting mandrel 107, Fig. 6B shows an example of angular
misalignment between the connecting mandrel 107 and connector body 602. The cavity 613 is
larger in diameter than the connecting mandrel 107 to allow for this angular misalignment

between the connector body 602 and the connecting mandrel 107.

{6057} Returning to Fig. 6A, an annular piston (or sleeve) 620 is arranged in the cavity 615 and
is movable by fluid pressure differential in a direction generally paraliel to the longitudinal axis
604. The connector head 608 has a locking surface {or cover profile or location} 622 disposed
radially about the bore 612. A plurality of radial locking dogs {(or collets or fingers) 624 is
disposed between the piston 620 and the locking surface 622. Each of the iocking dogs 624 has a
face (or coliet profile) 630 that opposes a piston profile of the piston 620, and a face (or cover
profile) 628 that opposes the connector head locking surface 622. The face 626 includes a wedge
(part of a coliet) profile 630 that is designed to engage a mating wedge (or piston) profile on the

piston 620,

[0058] The face 628 includes gripping features 632 such as teeth. The gripping features 632 in
an upper portion (or body profile) of the face 628 are designed to engage the connector head
locking surface 622. The gripping features 632 in a lower portion (or grip profile) of the face 628
are designed to engage a locking surface 634 on the connecting mandrel 107. The locking
surfaces 622, 634 each have gripping features for locking engagement with the gripping features

632 on the face 628 of the locking dogs 624.

[0059] Returning to Figs. 6A and 6B, piston 620 separates cavity 615 into variable volume
chambers 621ab along an inner surface of the conrector body 602. The chambers 621a,b are
defined within the cavity 615, between the connector base 606 and the piston 620. The chambers
621a,b may be accessed through passage 625a,b to supply hydraualic pressure from a fluid source

627 to hold the piston 620 in the FIG. 6A upper position or the FIG. 6C down position.
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[0060] The subsea connector 110a may also be transitioned to the locked state by applying fluid
pressure to an upper area 636 of the piston 620 so that the piston 620 moves downwardly and
tilts the locking dogs 624 inwardly and into engagement with both locking surfaces 622, 634
{(Fig. 6C shows the locking dogs 624 fully engaged with the Jocking surfaces 622, 634). The
subsea connector 110a is unlocked by applying fluid pressure to a lower area 638 of the piston
620 so that the piston 620 moves upwardly and tilts the locking dogs 624 outwardly and away
from the locking surfaces 632, 634.

[0061] Within the cavity 615 is an avxiliary annular piston (or sleeve) 640. Pressure differential
across the piston 640 may be used to further urge the locking piston 620 upwardly, in a direction
generally parallel to the longitudinal axis 604 of the connector body 602, if needed. While the
subsea connector 110a is transitioning to the unlocked state, either or both of the connecting
mandrel 107 and connector body 602 may tilt and shift so that the connector body 602 and the

connecting mandrel 107 become angulariy misaligned. This is shown, for example, in Fig. 6B.

[0062] Returning to Fig. 6A, a seal member 642 is disposed in an annular retaining pocket 644 in
the piston 620. The seal member 642 may be a metal or elastomeric member that provides a seal
at an interface between the subsea connector 110a and the connecting mandrel 107. The seal
provided by the seal member 642 is not required to confain pressure. The seal member 642 may
provide a hydrate seal that keeps hydrates from collecting and solidifying within the cavity 615,
particularly around the surfaces in the cavity 615 that are or may be exposed to seawater, such as

surfaces of the locking dogs 624 and/or piston 620.

[6663] The seal member 642 may work as a one-way valve that prevents migration of gas into
the cavity 615 while the subsea connector 110a is in use. The seal member 642 may also be used
to contain fluid, such as glycol, injected into the cavity 615 to dissolve possible hydrate buildup
within the cavity 615, The seal member 642 has a seal ring 646, which has a lip 641 defining an
opening 643. When the connecting mandrel 107 is received in the opening 643, the lip 641
circumscribes and engages a sealing area 649 of the connecting mandrel 107. The sealing area
649 may be below the mandrel locking surface 634. The outer diameter of the connecting
mandrel 107 at the locking surface 634 may be smaller than the outer diameter of the connecting

mandrel 107 at the sealing area 649 so that the Tip 641 does not engage the locking surface 634.
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Figs, 6A and 6B show the seal member 642 engaging the connecting mandrel 107 at various

positions on the sealing area 649,

[0064] Returning to Fig. 6A, the upper and lower walls 645, 647 of the retaining pocket 644
constrain the seal member 642 to float, i.e., nﬁove freely, in a direction that is transverse to the
connector body longitudinal axis 604. The floating seal member 642 may be used to prevent
damage to the subsea connector 110a or comnecting mandrel 107 when there is angular
misalignment between the connector body 602 and the connecting mandrel 107 and the
connecting mandrel 107 extends through the opening 643. This angular misalignment may

happen when transitioning the subsea connector 110a from the locked state to the unlocked state.

[6065] As shown in Figures 1A and 1B, connection assembly 108’ is connected to a rig at the
surface. The rig may be up to 5 degrees off location vertically from the subsea stack, which may
induce misalignment between the connector body 602 and the connecting mandrel 107 if the
subsea connector 110a is used for connection in the subsea stack. Severe misalignment may
occur, for example, at subsea connections in the LMRP because the LMRP may initially pivot
off of the qtack {rame before liftoff. The pivot may be up to 40 inches (101.6 cm) above or below
the top of the connectmg mandrel 107.

[0066] The ﬂoating‘ capability of the seal member 642 may safely permit even severe
misalignment. As an example, Fig. 6B shows the seal member 642 floated to the right side of the
subsea connector 110a in order to accommodate an upward tilt of the connector body 602
relative to the connecting mandrel 107. The allowable travel length of the seal member 642 in a
direction transverse to the longitudinal axis 619 may determine the range of angular
misalignments that can be safely permitted by the floating capability of the seal member 642.
The allowable travel length of the seal member 642 can be selected based on a typical range of

angular misalignments expected between the connector body 602 and connecting mandrel 107,

[6067] In one embodiment, the retaining pocket 644 is formed in the piston 620, which would
make the seal member 642 move with the piston 620 as the piston 620 responds to fluid pressure
differential. It is possible to locate the retaining pocket 644 elsewhere, such as in the wall of the

connector base 606 or in another structure arranged within the cavity 615, as long as the seal
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member 642 located in the retaining pocket 644 is able to provide a seal at an interface between

the subsea connector 110a and the connecting mandrel 107.

[0068] As explained above, the seal member 642 has a floating motion in a direction {ransverse
to the connector body longitudinal axis 604. The seal member 642 also experiences motion in
other directions due to being retained in the pocket 644, For example, the seal member 642 may
move in a direction generally parallel to the connector body longitudinal axis 604 as the piston
620 in which the pocket 644 is formed moves. The seal member 642 may also experience tilting
and shifting motions due to tilting and shifting of the connector body 602, e.g., when

transitioning between the locked and unlocked states of the subsea connector 110a.

[0069] The seal ring 646 has a bottom seal ring face 648 and a side seal ring face 650, The side
seal ring face 650 is located on the lip 641. The bottom seal ring face 648 faces the bottom wall
647 of the retaining pocket 644 and is arranged to seal against the bottom wall 647 of the
retaining pocket 644, The side seal ring face 650 faces a center of the connector bedy 602 and is
arranged to engage and seal against the connecting mandrel 107 when the connecting mandrel

107 is received in the opening 643 defined by the lip 641.

[3070] In one embodiment, the seal ring faces 648, 650 carry sealing elements 652, 654,
respectively, such as elastomer seals. In another embodiment, one or both of the seal ring faces
648, 650 may not carry sealing elements and may be sealing surfaces, such as elastomeric or
metallic sealing surfaces. Additional sealing elements 656, such as elastomer seals, may be
provided between the connector base 606 and the piston 620. The sealing elements 656 may be
carried by the connector base 606 so that they provide the necessary sealing regardless of the
position of the piston 620 within the cavity 615. The additional scaling elements 656 may be

pressure-sealing elements.

{06071] Figure 7 shows a flow chart of another method 700 of connecting wellsite components.
The method involves providing 795 a wellsite connector. The wellsite connector includes a
connector body and a floatable seal member. The connector body has an end operatively
connectable to a first of the components, a pocket along an inner surface thereof, and a cavity
adapted to receive a second of the components. The floatable seal member includes a flexible

ring having a hole therethrough to sealingly receive the second of the components. The seal

17



WO 2013/152187 PCT/US2013/035269

member is slidably movable in the pocket of the connector body transversely to an axis of the
connector body. The method further involves 796 - operatively connecting the end of the
connector body to the first of the components, 797 - receiving the second of the components in
the cavity of the connector body, and 798 aligning the second of the components to the first of
the components for connection therebetween by slidably moving the seal member in the

connector body transversely to an axis thereof.

[0€72] Features of the method of Figure 5 may also be included. The method may be performed

in any order and repeated as desired.

[6073] While the subject matter has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the scope of the subject matter as
disclosed herein. Accordingly, the scope of the invention should be limited only by the attached

ciaims.

[0074] 1t will be appreciated by those skilled in the art that the techniques disclosed herein can
be implemented for automated/autonomous applications via software configured with algorithms
to perform the desired functions. These aspects can be implemented by programming one or
more suitable general-purpose computers having appropriate hardware. The programming may
be accomplished through the use of one or more program storage devices readable by the
processor(s) and encoding one or more programs of instructions executable by the computer for
performing the operations described herein. The program storage device may take the form of,
e.g., one or more floppy disks; a CD ROM or other optical disk; a read-only memory chip
{ROM); and other forms of the kind well known in the art or subsequently developed. The
program of instructions may be "object code,” i.e., in binary form that is executable more-or-less
directly by the computer; in "source code" that requires compilation or interpretation before
execution; or in some intermediate form such as partially compiled code. The precise forms of
the program storage device and of the encoding of instructions are immaterial here. Aspects of
the invention may alsc be configured to perform the described functions (via appropriate
nardware/software) solely on site and/or remotely controlled via an extended communication

{e.g., wireless, internet, satellite, etc.) network.
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[6675] The above description is illustrative of the preferred embodiment and many modifications
may be made by those skilled in the art without departing from the invention whose scope is to

be determined from the literal and equivalent scope of the claims that foliow.

[6076] While the embodiments are described with reference to various implementations and
exploitations, it will be understood that these embodiments are illustrative and that the scope of
the inventive subject matter is not limited to them. Many variations, modifications, additions
and improvements are possible. For example, one or more wellsite connectors and/or
components may be connected. The wellsite connectors are shown in a specific orientation, but

one or more could be inverted for coupling between one or more components as desired.

[04077] Plural instances may be provided for components, operations or siractures described
herein as a single instance. In general, structures and functionality presented as separate
components in the exemplary configurations may be implemented as a combined structure or
compenent.  Similarly, structures and functionality presented as a single component may be
implemented as separate components. These and other variations, modifications, additions, and

improvements may fall within the scope of the inventive subject matter,
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CLAIMS

What is claimed is:

1. A wellsite connector for connecting components of a wellsite, the wellsite having a
wellbore extending into a subsurface formation, the wellsite connector comprising:

a connector body having an end adapted for coupling to a first of the components and a
cavity to receive a second of the components;

a piston axially movable in the connector body, the piston having a piston profile along
an inner surface thereof, the inner surface having a suppori ring and a latch ring
extending therefrom defining a pocket therebetween; and

a plurality of collets positionable about the connector body adjacent the piston and
radially movable thereabout, the plurality of collets having a collet profile
corresponding to the piston profile, the collect profile having a recess to receive
the support ring of the piston, a surface ring along an outer surface thereof
receivable in the pocket of the piston, the plurality of collets having a grip profile
along an inner surface thereof selectively engageable with the second of the
components whereby the plurality of collets are selectively latchable about the

second of the components.

2. The wellsite connector of Claim 1, further comprising a floatable seal member
comprising a flexible ring having a hole therethrough to sealingly receive the second of the
components, the seal member slidably movable in the pocket of the connector body transversely
to an axis of the connector body whereby the second components is alignable to the first
components for connection therebetween.

3. The wellsite connector of Claim 1, wherein the connector body comprises a cover
operatively connectable to the first component and a sub having a hole therethrough to receive
the second of the components.

4, The wellsite connector of Claim 3, wherein the cover has a cover location thereon
engageable with the collet profile of the plurality of collets.

5. The wellsite connector of Claim 3, wherein the connector body further comprises a body
ring operatively coupled between the cover and the sub.

6. The wellsite connector of Claim 1, wherein the plurality of collets have a body profile
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selectively engageable with the connector body.
7. The wellsite connector of Claim 1, wherein the connector body defines a collet cavity to

receive the plurality of collets.
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8. The wellsite connector of Claim 7, wherein the plurality of collets are a movable distance
from a receptacle of a cover of the connector body and define a gap therebetween.

9. The wellsite connector of Claim I, wherein the connector body has an inner surface
defining a cavity to slidingly receive the piston.

10.  The wellsite connector of Claim 1, wherein the support ring defines a portion of the
piston profile to support the plurality of collets thereon.

11. The wellsite connector of Claim 1, wherein the latch ring defining a portion of the piston
profile to support the plurality of collets thereon.

12.  The wellsite connector of Claim 1, wherein the piston comprises a primary piston
engageable with the plurality of collets and a secondary piston supporting the primary piston, the
secondary piston slidably movable in the connector body when the primary piston exceeds a
maximum force.

13. The wellsite connector of Claim 1, wherein the piston separates a cavity in the connector
body into a first variable volume chamber and a second variable volume chamber.

14, The wellsite connector of Claim 13, wherein the first variable volume chamber and the
second variable volume chamber are operatively connectable to a fluid source to selectively
divert fluid therein whereby the piston is movable in the connector body between an upstroke
position and a downstroke position.

15, The wellsite connector of Claim 1, wherein the components comprise at least two of a
tubular, a casing, a riser, a wellhead, a blowout preventer, a low marine riser pump, and

combinations thereof.
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16. A method of connecting components of a wellsite, the wellsite having a wellbore
extending into a subsurface formation, the method comprising:
providing a wellsite connector according to Claim 1;
operatively connecting the end of the connector body to the first of the components;
receiving the second of the components in the cavity of the connector body; and
selectively latching the plurality of collets about the second of the components by
selectively engaging the collet profile of the plurality of collets with the piston
profile of the piston and the grip profile of the plurality of collets to the second of

the components.

17. The method of Claim 16, wherein the wellsite connector further comprises a {loatable
secal member comprising a flexible ring having a hole therethrough to sealingly receive the
second of the components, the seal member slidably movable in a pocket of the connector body
transversely to an axis of the conmector body, the method further comprising aligning the second
-of the components to the first of the components for connection therebetween by slidably moving
the seal member in the connector body transversely to the axis thereof.

18. . The method of Claim 16, wherein the piston separates a éavity in the connector dey into
first and second variable volume chambers, wherein the selectively latching comprises moving
the piston by selectively pumping fluid into the first and second variable chambers.

19. The method of Claim 16, wherein the selectively latching comprises supporting the
plurality of collets on a collet ring of the pision.

20.  The method of Claim 16, wherein the selectively latching comprises pivotally moving the
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plurality of collets by axially moving the piston in the connector body.,

21. The method of Claim 16, wherein the selectively latching comprises engaging the piston
profile of the piston with the collet profile of the plurality of collets.

22, The method of Claim 16, wherein the selectively latching comprises pressing the
plurality of collets against the second of the components by engaging the latch ring of the piston
with the plurality of collets.

23. The method of Claim 16, wherein the selectively latching comprises retracting the
plurality of collets by aligning the piston profile of the piston with the collet profile of the
plurality of collets.

24, The method of Claim 16, wherein the selectively latching comprises extending the
plurality of collets by misaligning the piston profile of the piston with the collet profile of the
plurality of collets.

25, The method of Claim 16, wherein the selectively latching comprises selectively engaging
a body portion of the plurality of collets with the connector body.

26.  The method of Claim 16, wherein the selectively latching comprises operatively
connecting at least two of a tbular, a casing, a riser, a wellhead, a blowout preventer, a low

marine riser pump, and combinations thereof.

27, A subsea connector for a tubular of a subsea wellsite, comprising:

a connector body having an open end to accept a tubular string or tool having a
connection profile thereon;

at least one collet movably mounted for vertical support in said connector body;

a fixed horizontal support in said body, for selective contact with a first end of said collet;
and

at least one axially movable piston having a support ring and a latch ring extending
therefrom, the support ring receivable in a recess of the af least one collet, the
latch ring engageable with a lower end of the at least one collet, whereupon
selective movement of said piston cams a profile on a second end of said at jeast
one collet to engage and retain said profile to the tubular string or tool connection

profile.

28. A subsea connector
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for a tubular of a subsea wellsite, comprising:

a connector body having an open end to accept a tubular string or tool having a connection
profile thereon; |

at least one collet pivotally mounted in the connector body, the at least one collet having a recess
along a collet profile thereof, and

at least one piston having a support ring and a latch ring extending therefrom, the support ring
receivable in the recess of the at least one collet, the latch ring engageable with a lower
end of the at least one collet whereby the at least one collet selectively retains the tubular

string or tool in the connector body.
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