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HORIZONTAL CONNECTOR SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims prionty to U.S. Patent Application having Serial
No. 16/520,054, which was filed in July 23, 2019 and is incorporated herein by

reference in its entirety.

BACKGROUND

[0002]  This section 1s intended to introduce the reader to various aspects of art
that may be related to various aspects of the presently described embodiments. This
discussion is believed to be helptul in providing the reader with background
information to facilitate a better understanding of the various aspects of the present
embodiments. Accordingly, it should be understood that these statements are to be

read in this light, and not as admissions of prior art.

[0003] In order to meet consumer and industrial demand for 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 earth.
Particularly, once a desired subterranean resource such as oil or natural gas is
discovered, drilling 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 resoutce.

[0004]  Oftshore systems can include topside components positioned above the
surface of the water, such as on a vessel or platform, and subsea components
positioned underwater, such as on a seabed. Whether located subsea, topside, or
onshore, components of drilling and production systems can be connected in fluid
communication through various tlowlines. A subsea system, for instance, may

include a network of trees, manifolds, pumps, and other components positioned on a
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seabed and connected via subsea jumpers or other tlowlines. Flowline connectors
may be used to facilitate coupling of jumpers or other tlowlines to trees, manifolds,
and other components of drilling and production systems. In subsea contexts, a
working vessel can be positioned above a subsea installation and a remotely operated
vehicle (ROV) can be launched to travel to the subsea installation to facilitate

coupling of jumpers to system components via flowline connectors.

SUMMARY

[0005]  Certain aspects of some embodiments disclosed herein are set forth
below. It should be understood that these aspects are presented merely to provide
the reader with a brief summary of certain forms the invention might take and that
these aspects are not intended to limit the scope of the invention. Indeed, the

invention may encompass a variety of aspects that may not be set forth below.

[0006]  Certain embodiments of the present disclosure generally relate to
connecting tlowlines to manifolds, trees, or other components. In some
embodiments, a flowline connector includes inboard and outboard assemblies that
tacilitate horizontal make-up of a fluid connection between a jumper and a subsea
component. The inboard assembly can include an inboard pipe coupled to the
subsea component and the outboard assembly can include an outboard pipe coupled
to the jumper. During make-up of the flowline connector, the outboard pipe may be
moved through a frame of the outboard assembly toward the inboard pipe. The
outboard assembly may also include one or more guides that steer the outboard pipe
toward alignment with the inboard pipe as the outboard pipe is moved through the
trame. In some embodiments, these guides are provided on a profile pipe
surrounding the outboard pipe. The flowline connector may also or instead include
other alignment features, such as a landing porch of the outboard assembly having

keys that are received within slots of a cradle of the inboard assembly, or a guide
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post and a guide funnel that facilitate landing of the outboard assembly with respect

to the inboard assembly.

[0007]  Various refinements of the features noted above may exist in relation to
various aspects of the present embodiments. Further features may also be
incorporated in these various aspects as well. These refinements and additional
teatures may exist individually or in any combination. For instance, various features
discussed below in relation to one or more of the illustrated embodiments may be
incorporated into any of the above-described aspects of the present disclosure alone
or in any combination. Again, the brief summary presented above 1s intended only
to familiarize the reader with certain aspects and contexts of some embodiments

without limitation to the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]  These and other features, aspects, and advantages of certain embodiments
will become better understood when the following detailed description 1s read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0009] FIG. 1 generally depicts a production system with components coupled

via flowlines and connectors in accordance with one embodiment;

[0010]  FIG. 2 generally depicts a subsea manitold coupled to a tlowline by a

flowline connector 1 accordance with one embodiment;

[0011] FIG. 3 1s a perspective view of a horizontal tlowline connector having an

inboard assembly and an outboard assembly in accordance with one embodiment;

[0012]  FIG. 4 1s a perspective view of the inboard assembly of FIG. 3 in

accordance with one embodiment;
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[0013] FIGS. 5 and 6 are perspective views of the outboard assembly of FIG. 3

in accordance with one embodiment;

[0014] FIG. 7 1s an exploded view of the outboard assembly of FIG. 3 in

accordance with one embodiment;

[0015] FIG. 8 shows a guide funnel of the outboard assembly of FIG. 3 in

accordance with one embodiment;

[0016]  FIG. 9 generally depicts receipt of a guide post through an aperture of
the guide funnel of FIG. 8 during landing of the outboard assembly in accordance

with one embodiment;

[0017]  FIG. 10 generally depicts landing of the outboard assembly with respect
to the inboard assembly using a guide post and a guide funnel sharing a keyed

interface 1 accordance with one embodiment;

[0018]  FIG. 11 generally depicts the outboard assembly of FIG. 10 in a landed

position beside the inboard assembly in accordance with one embodiment;

[0019] FIG. 12 1s a detail view showing keys and keyways of the guide post and

the guide funnel ot FIGS. 10 and 11 in accordance with one embodiment;

[0020] FIG. 13 shows rounded keys of the outboard assembly ot FIG. 3 recetved
in tapered slots of a cradle of the inboard assembly of FIG. 3 in accordance with

one embodiment;

[0021] FIG. 14 1s an elevational view of the flowline connector of FIG. 3 with an
accumulator-assisted stroking tool for making-up the flowline connector in

accordance with one embodiment;
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[0022]  FIGS. 15-22 are schematic views generally depicting a make-up sequence

of the flowline connector of FIG. 3 in accordance with one embodiment;

[0023] FIG. 23 1s a side elevational view of a lifting tool to facilitate installation

of a horizontal flowline connector 1n accordance with one embodiment;

[0024] FIG. 24 1s a tront elevational view of the lifting tool ot FIG. 23 in

accordance with one embodiment; and

[0025]  FIG. 25 1s a perspective view generally depicting installation of an
outboard assembly of a horizontal flowline connector with the lifting tool of

FIGS. 23 and 24 in accordance with one embodiment.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0026]  Specific embodiments of the present disclosure are described below. In an
effort to provide a concise description ot these 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 etfort might be
complex and time-consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit of

this disclosure.

[0027]  When introducing elements of various embodiments, 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 additional elements other than the listed
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elements. Moreover, any use of “top,” “bottom,” “above,” “below;” other directional
terms, and vartations of these terms is made for convenience, but does not require

any particular orientation ot the components.

[0028]  Turning now to the present figures, an apparatus 10 is illustrated in FIG. 1
in accordance with one embodiment. The depicted apparatus 10 is a production
system that facilitates extraction of a resource, such as o1l or natural gas, from a
subterranean reservoir. The apparatus 10 is generally shown in FIG. 1 as a subsea
production system having trees 12 (e.g., production or injection trees) coupled to
wellheads on a seabed. The trees 12, which can be horizontal trees or vertical trees,

include valves for controlling tluid flow into and out ot wells through the wellheads.

[0029]  Reservorr fluid can be produced from the reservoir through the

wellheads and the trees 12, which are connected to subsea manifolds 14 installed on
the seabed. The manifolds 14 include valves to control flow of produced
hydrocarbons or other fluids from or to the trees 12 through the manifolds 14.
Produced fluid can also be routed from the manifolds 14 to processing equipment.
For example, produced tluid may be routed to a pump station 16 for adding energy
to the produced fluid and to a pipeline end termination (PLET) 18 or pipeline end
manifold (PLEM) to facilitate delivery of the fluid through various tlowlines or risers
to some other location, such as a production platform, a floating production storage

and oftloading (FPSO) vessel, or an onshore processing facility.

[0030] The various components of the apparatus 10 are coupled in fluid
communication via tlowlines 22 (e.g,, subsea jumpers) and associated connectors 24.
The tlowlines 22 may be provided as rigid or flexible flowlines that enable fluid to be
conveyed between the trees 12, the manifolds 14, and other components of
apparatus 10. While the various components of apparatus 10 are generally depicted
as connected together by single flowlines 22 (e.g;, each tree 12 to a manifold 14 by

one flowline 22, the manifolds 14 connected to each other by one tlowline 22, and
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the pump station 16 connected to a manifold 14 by one tlowline 22), the number of
tlowlines 22 between any two components may vary in other embodiments. Multiple
tlowlines 22 may be used to couple a manifold 14 to the pump station 16 or to

couple the pump station 16 to the PLET 18, for instance.

[0031] Although shown here as a subsea system, the apparatus 10 could take
other forms in different embodiments, such as a topside system, an onshore system,
or a system having any combination of subsea, topside, and onshore devices. It will
be appreciated that the apparatus 10 can include various components in addition to
or in place of those depicted in FIG. 1, and that some components noted above may
be omitted in certain embodiments. Additional components may be connected to

other components of the apparatus 10 via tlowlines 22 and connectors 24.

[0032]  One example of an installed subsea manifold 14 of the apparatus 10 is
generally depicted in FIG. 2. The manifold 14 is installed on a seabed 28 and
connectors 24 facilitate coupling of the manifold 14 to other components (e.g,,

trees 12 or pump station 16) via tlowlines 22. The manifold 14 1s shown mounted on
a substructure 32 coupled to a pile 34 embedded in the seabed 28. In other
embodiments, multiple piles 34 may be used to support the manifold 14 via the
substructure 32. In some instances, the substructure 32 and the one or more piles 34
are an integral foundation, while in other instances the substructure 32 s retrievable

trom the piles 34.

[0033]  The connectors 24 can include inboard and outboard assemblies that
tacilitate make-up of a fluid connection between a tlowline 22 and a tree 12,
manifold 14, or other component of the apparatus 10. The form of the

connectors 24 may vary between embodiments, and the connectors 24 within a given
apparatus 10 may ditfer from each other. But one or more connectors 24 of the
apparatus 10 may be provided in the form depicted in FIG. 3 in accordance with one

embodiment.
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[0034]  As depicted in FIG. 3, a flowline connector 40 is a horizontal flowline
connector including an inboard assembly 42 and an outboard assembly 44. The
inboard assembly 42 can be mounted at least in part on a substructure 46 (e.g., the
manifold substructure 32 or a substructure of some other component, such as a

tree 12 or PLET 18) and generally represents a component side of the connector 40.
The outboard assembly 44 can be landed on the inboard assembly 42 and generally
represents a flowline side of the connector 40. That is, in at least one embodiment,
the inboard assembly 42 is attached to the manifold 14, tree 12, PLET 18, or other
component, the outboard assembly 44 1s attached to a tlowline 22, and the
connector 40 operates to make-up a fluid connection between the tlowline 22 and
the component via the inboard and outboard assemblies 42 and 44. While the
tlowline connector 40 may be used to couple a jumper or other tlowline 22 to a
subsea component (e.g., a subsea tree or manifold), the flowline connector 40 may be

used 1n other applications, such as for coupling surface components or pipelines.

[0035]  The inboard assembly 42 of FIG. 3 is depicted alone in FIG. 4 for
explanatory purposes and includes an inboard pipe 50 having an end hub 52. The
inboard pipe 50 may be a part of, or connected to, the manifold 14 (or another
component) that is to be connected to a tlowline 22 via the connector 40. The
inboard pipe 50 extends through a receiver structure 54, which may be attached to
the manifold 14 or another component. The pipe 50 can be connected to the
recetver structure 54 via a split ring 56 positioned within a groove ot the pipe 50
(e.g., 1n a groove of the hub 52) and fastened to a plate 58 of the recetver

structure 54. The inboard assembly 42 also includes guide pins 60 and bumpers 62 to
tacilitate alignment of a mating portion of the outboard assembly 44 during make-

up of the connector 40, as discussed in greater detail below.

[0036]  The recetver structure 54 1s shown in FIGS. 3 and 4 within a cradle 66 of
the inboard assembly 42. The cradle 66 can be attached to the substructure 46 for a

component that 1s to be connected to a flowline 22 via the connector 40. The
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cradle 66 could be welded to the substructure 46 or attached in some other suitable
manner. In at least some embodiments, including that depicted in FIGS. 3 and 4, the
recetver structure 54 1s held by the manifold 14 or other component supported by
the substructure 46 and 1s recetved in the cradle 66 without being in contact with the
cradle 66. The cradle 66 includes features to facilitate alignment of the outboard
assembly 44 with the inboard assembly 42 during installation. More specifically, the
cradle 66 includes slots 68 and bumpers 70 that engage mating features of the
outboard assembly 44 to control horizontal alignment, pitch, and yaw of the
outboard assembly 44 relative to the cradle 66. The inboard assembly 42 also
includes a guide post 72 to facilitate landing of the outboard assembly 44. These

alignment features and their functions are discussed in greater detail below.

[0037]  The outboard assembly 44 of FIG. 3 1s depicted without the inboard
assembly 42 in FIGS. 5—7. The outboard assembly 44 includes an outboard pipe 76
having an end hub 82. The outboard pipe 76 1s held by other structure of the
outboard assembly 44, which includes a removable and retrievable subsea landing
porch 78 that facilitates landing of the outboard assembly 44 next to the cradle 66 of
the inboard assembly 42. More particularly, the depicted porch 78 includes arm
portions with keys 80 that are received within the slots 68 of the cradle 66 as the
outboard assembly 44 1s landed. The keys 80 may have a rounded surface (e.g;, the
keys 80 may be provided with a cylindrical shape, such as the depicted puck shape in
FIGS. 5-7) to avoid frictional binding and facilitate pitch changes of the porch 78

with respect to the cradle 66.

[0038]  The depicted outboard assembly 44 also includes a clamp 84. In
operation, make-up of the connector 40 includes moving the outboard pipe 76
toward the inboard pipe 50 and closing the clamp 84 about the hubs 52 and 82 of
those pipes. A gasket or other seal may be provided between the hubs 52 and 82 to
torm a tluid-tight connection between the inboard pipe 50 and the outboard pipe 76

when the clamp 84 closes against the hubs 52 and 82. The depicted clamp 84
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includes segments that are opened and closed about the hubs 52 and 82 by turning a
leadscrew 86 (e.g;, via an ROV). In other embodiments, the clamp 84 may take other
torms and can be opened and closed 1n any suitable manner. Still further, in certain

embodiments a collet connector could be used in place of the clamp 84.

[0039] In the depicted embodiment, the outboard pipe 76 1s fastened to a
supporting plate 90 of the outboard assembly 44 with a split ring 108 (FIG. 7) and
the clamp 84 1s mounted on the plate 90. Connecting the pipe 76 and the clamp 84
to a shared plate 90 may reduce cost and weight of the outboard assembly 44, but in
other embodiments the pipe 76 and the clamp 84 may be attached to separate

plates 90 (e.g;, the pipe 76 connected to one supporting plate and the clamp 84
mounted on a different back plate). The shared supporting plate 90 may include
teatures for holding and guiding the segments of the clamp 84. In other
embodiments, the clamp 84 could instead be mounted on the inboard assembly, such

as on plate 58.

[0040]  The outboard assembly 44 also includes guide funnels 92 and bumpers 94,
which extend from the plate 90 in FIGS. 5-7 and interface with the corresponding
guide pins 60 and bumpers 62 of the inboard assembly 42 as the connector 40 is
made-up by moving the plate 90 toward the inboard assembly 42. During make-up,
the plate 90 (along with the connected outboard pipe 76 and clamp 84) 1s moved
relative to a frame 96 of the outboard assembly 44. As presently illustrated, the
trame 96 includes the porch 78, a barrel 98 positioned about the outboard pipe 76,
and a rear plate 100. The rear plate 100 and the supporting plate 90 include

grooves 102 for recetving a stroking tool (e.g., a hydraulic cylinder) that can be
operated to push the supporting plate 90 away from the rear plate 100 when making
up the connector 40 and to pull the supporting plate 90 back toward the rear

plate 100 for disconnection.
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[0041]  Alocking rod 104 and mating latch pin 106 may be provided for securing
the supporting plate 90 at one or more specitic locations with respect to the inboard
assembly 42 and the frame 96. In some embodiments, for example, the locking

rod 104 includes a generally cylindrical, elongate body that is connected to the

plate 90 and is recetved in a groove of the transverse mating latch pin 106 such that
the locking rod 104 travels through the groove of the pin 106 as the plate 90 moves
with respect to the frame 96. The locking rod 104 can also include one or more
grooves 118 (FIG. 14) for recetving the body (e.g, a cylindrical body) of the mating
latch pin 106.

[0042]  When the plate 90 is positioned at a given location such that a groove 118
of the locking rod 104 1s located at the latch pin 106, the latch pin 106 can be rotated
so that the body of the latch pin 106 enters the groove 118 and the receiving groove
of the pin 106 1s moved out of alignment with the travel path of the rod 104. The
presence of the body of the latch pin 106 in the groove 118 blocks movement of
the rod 104 and, thus, secures the supporting plate 90 (along with the connected
outboard pipe 76 and clamp 84) in place relative to the frame 96. The grooves 118
may be positioned to facilitate parking ot the outboard pipe 76 at particular
locations, such as to provide one or more specific distances (e.g,, 0.2—1 meter)
between the opposing end faces of the hubs 52 and 82. In one embodiment, the
locking rod 104 includes two grooves 118 tor locking the outboard pipe 76 at
locations that provide about 0.375 meters and about 0.5 meters (1.e., plus or minus
ten percent for each) of separation between the end faces of the hubs 52 and 82,
which may facilitate replacement of a gasket between the end faces, cleaning, or

other maintenance operations.

[0043]  The depicted outboard assembly 44 also includes a protile pipe 110
tastened or otherwise connected to the plate 90. The outboard pipe 76 is received in
the profile pipe 110, and these two pipes move synchronously with the plate 90

during make-up of the flowline connector 40. The profile pipe 110 includes one or
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more guides 112 to facilitate alignment of the outboard pipe 76 (e.g., changing pitch
ot yaw) with the inboard pipe 50 during make-up. More specifically, in the presently
depicted embodiment, the profile pipe 110 includes guides 112 for controlling pitch
and yaw of the outboard pipe 76 as the plate 90 1s moved toward the inboard
assembly 42. As shown in FIG. 7, the guides 112 are ramped blocks fastened (e.g,,
with bolts) to an exterior of a cylindrical pipe body of the protile pipe 110. In at
least one embodiment, however, the profile pipe 110 i1s omitted and the one or more

guides 112 are provided directly on the outboard pipe 76.

[0044]  One or more of the guides 112 may engage mating features of the

trame 96 during make-up of the tflowline connector 40 such that the mating features
push the profile pipe 110 (which may also be referred to as a guide pipe) toward
alignment with the inboard pipe 50. By way of example, and as discussed in greater
detail below, these mating features may include sides of an aperture 114 (FIG. 7) of
the frame 96 or mating guides or bumpers 116 (FIG. 9) of the frame 96. Although
shown as fastened blocks, the guides 112 can take other forms. In some
embodiments, for instance, the guides 112 may include one or more sloped ribs
extending circumferentially about at least a portion ot the profile pipe 110 (e.g,
annular or arcuate ribs). Further, the guides 112 may be coupled to the main body of
the profile pipe 110 in any suitable manner, such as with fasteners, welding, or being

integrally formed with the main body.

[0045]  In atleast some embodiments, a guide funnel 120 may be used to facilitate
landing of the outboard assembly 44 with respect to the cradle 66. One example of
such a guide funnel 120 1s shown connected to the porch 78 in FIG. 3 and is shown
in greater detail in FIG. 8. In this depicted embodiment, the guide funnel 120
includes latches 122 for connecting to an end of the porch 78 above the rounded
keys 80. The guide funnel 120 also includes an aperture 124, for receiving the guide
post 72 of the inboard assembly 42, and tapered guide ribs 126.
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[0046]  As the outboard assembly 44 is lowered toward the cradle 66 during
installation, such as shown in FIG. 9, the guide post 72 1s recetved through the
aperture 124 and guides the outboard assembly 44 as it descends. The funnel 120 can
be turned about the post 72 to generally align the guide ribs 126 with sides of the
recetver structure 54, after which the outboard assembly 44 can be landed as shown
in FIG. 3. In this position, the recerver structure 54 1s recetved between the guide
ribs 126 and the keys 80 of the porch 78 are recetved in the mating slots 68 of the
cradle 66. The tapered ends of the guide ribs 126 may engage the recetver

structure 54 during landing to provide fine rotational (yaw) correction to the

porch 78.

[0047]  In another embodiment depicted in FIGS. 10-12, the guide post 72
includes keys 130 to facilitate rotational alignment ot the porch 78 with the cradle 66
during installation. In this embodiment, the guide funnel 120 includes keyways 132
(FIG. 12) for receiving the keys 130. More specifically, as shown in FIGS. 10 and 11,
the upper ends of the keys 130 can be tapered to allow greater rotational
misalignment between the porch 78 and the cradle 66 when the upper ends of the
keys 130 are initially recetved in the keyways 132. The widths of the portions of the
keys 130 received in the keyways 132 increase as the funnel 120 moves along the
taper, and engagement of the keyways 132 with the tapered edges of the keys 130
can cause the porch 78 to turther rotate toward alignment with the cradle 66. In one
embodiment, for instance, the keys 130 and keyways 132 may allow an initial
rotational (yaw) misalignment of the porch 78 ot plus or minus ten to twenty
degrees (e.g., plus or minus fifteen degrees) when the keys 130 begin to enter the
keyways 132, and the taper of the keys 130 may steer the guide funnel 120 and the
porch 78 to reduced misalignment of within plus or minus five degrees (e.g;, plus or
minus two degrees) relative to the cradle 66. Although two keys 130 are shown in
FIGS. 10-12, other embodiments may have a single key 130 or more than two

keys 130. Still further, the one or more keys 130 could be provided on the funnel 120
so as to be received in keyways 132 of the post 72.
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[0048]  Although the guide post 72 could be tixed to the receiver structure 54 in
some instances, in at least some embodiments the guide post 72 may be installed
with and removed from the recetver structure 54 as desired. For example, the guide
post 72 could be installed on the recetver structure 54 for landing of the outboard
assembly 44 and then removed. In another embodiment in which the outboard
assembly 44 1s to be landed next to the cradle 66 before the recetver structure 54 1s
recetved 1n the cradle 66 (e.g;, before a manifold 14 having the recetver structure 54 1s
landed on the substructure 32), the guide post 72 may instead be installed on the
cradle 66 (e.g., connected to a base of the cradle 66) to facilitate landing of the

porch 78 into engagement with the cradle 66.

[0049]  Engagement of the porch 78 with the cradle 66 may be better understood
with reference to FIG. 13. Each of the keys 80 of the porch 78 is recetved in a
mating slot 68 of the cradle 66. Each slot 68 may be tapered or otherwise shaped to
guide a key 80 recetved during installation to the landed position depicted in FIG. 13;
this generally controls the horizontal position and yaw of the porch 78 with respect
to the cradle 66. The keys 80 in some embodiments are provided with a cylindrical
shape that may generally avoid frictional locking during landing (such as trom

bending of an attached jumper 22) and facilitate installation.

[0050]  Further, bumpers 70 provide positive pitch control to the outboard
assembly 44 by engaging end surfaces 136 of the porch 78. That 1s, while the
rounded surfaces of the keys 80 at the front end of the outboard assembly 44 in the
slots 68 allow the tail end of the outboard assembly 44 to rise and fall (e.g., from a
bending load of a connected jumper 22), bumpers 70 are positioned to provide a
stop against movement of the porch 78 and an upper limit to pitch of the porch 78
relative to the cradle 66. In some embodiments, the bumpers 70 are positioned such
that the porch 78 is oriented with a positive pitch of less than three degrees (1.e., the
porch 78 is inclined slightly upwards toward the end having keys 80) when the end
surfaces 136 of the porch 78 rest against the bumpers 70.
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[0051] As noted above, a stroking tool can be coupled to drive movement of the
outboard pipe 76 toward the inboard pipe 50 to close the distance between the

hubs 52 and 82 and facilitate make-up of the flowline connector 40. By way of
example, a stroking tool 140 is shown in FIG. 14 coupled to the outboard

assembly 44 between the plates 90 and 100. More specifically, ends 142 of the
stroking tool 140 may be received in the grooves 102 of the plates 90 and 100. In
certain embodiments, including that depicted in FIG. 14, the stroking tool 140 is
attached to the outboard assembly 44 alone and does not interface with the inboard
assembly 42. In this arrangement, the stroking tool 140 does not interfere with
access to the hubs 52 and 82, which facilitates (e.g;, via ROV) cleaning of these hubs
and gasket retrieval or installation between the hubs without removing the stroking

tool 140.

[0052]  The depicted stroking tool 140 includes a rod 144 that can extend to push
the plate 90 (along with the outboard pipe 76 and the profile pipe 110 connected to
the plate 90) toward the inboard assembly 42 during make-up. In some
embodiments, the stroking tool 140 is a hydraulic cylinder and the rod 144 is a piston
rod that is controlled via hydraulic pressure. The stroking tool 140 may be an
accumulator-assisted stroking tool, in which an accumulator 148 provides hydraulic
pressure to the hydraulic cylinder. In some instances, an ROV may apply hydraulic
pressure to the stroking tool 140 to push the plate 90 and move the outboard hub 82
toward the inboard hub 52. The ROV can then be disconnected from the stroking
tool 140 and used to close the clamp 84 about the hubs 52 and 82 (e.g;, by applying
torque to leadscrew 86). The accumulator 148 can provide hydraulic pressure to the
stroking tool 140 to resist jumper loading after the ROV is disconnected from the
stroking tool 140 (e.g;, as the ROV is actuating the clamp 84). Although depicted as a
hydraulic cylinder in FIG. 14, the stroking tool 140 may take any other suitable form,

such as an electric actuator.
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[0053]  As noted, the profile pipe 110 may guide alignment of the outboard
pipe 76 with the inboard pipe 50 during make-up of the flowline connector 40. For
illustrative purposes, a make-up sequence for the tlowline connector 40 is generally
depicted in FIGS. 15-22. Some features of the connector 40 have been omitted
from these figures for clarity and to better show movement of the hub 82 (of the
outboard pipe 76) into alignment with the hub 52 (of the inboard pipe 50) during
make-up. More specifically, FIGS. 15 and 16 are schematic plan and elevational
views, respectively, of the connector 40 in a disconnected state at a first time, with
the plate 90 retracted away from the inboard assembly 42 and the hubs 52 and 82
apart. FIGS. 17 and 18 are schematic plan and elevational views showing the
connector 40 at a second time as the plate 90, the profile pipe 110, and the hub 82
are moved toward the hub 52. FIGS. 19 and 20 are schematic plan and elevational
views showing the connector 40 at a third time as the plate 90, the profile pipe 110,
and the hub 82 have been moved still closer to the hub 52; and FIGS. 21 and 22 are
schematic plan and elevational views showing the connector 40 at a subsequent

tourth time in which the hubs 52 and 82 are aligned.

[0054] In the disconnected state of the connector 40 shown in FIGS. 15 and 16,
the hub 82 of the outboard pipe 76 and the profile pipe 110 are misaligned with
respect to the hub 52 of the inboard pipe 50. That 1s, a longitudinal axis 156 of the
hub 82 and profile pipe 110 1s not aligned with a longitudinal axis 154 of the hub 52.
FIG. 15 depicts the hub 82 and profile pipe 110 having a yaw out of alignment with
the hub 52, while FIG. 16 depicts the hub 82 and protile pipe 110 having a pitch out
of alignment with the hub 52. As noted above, the profile pipe 110 can include one
or more guides 112 to facilitate alignment of the outboard pipe 76 and its hub 82
with the inboard pipe 50 and its hub 52. In FIGS. 15 and 16, these guides 112 are
provided in the form of side guides 162 and a bottom guide 164 at the tail end (distal
trom plate 90) ot the profile pipe 110 and side guides 166 and a top guide 168 at the
tront end of the profile pipe 110. These guides 162, 164, 166, and 168 protrude
radially from the elongate body (e.g., cylindrical body) of the profile pipe 110 and
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can be formed integrally with the elongate body or be attached to the elongate body

in any suitable manner.

[0055]  As the plate 90, profile pipe 110, and hub 82 are moved toward the

hub 52 (e.g;, such as by pushing the plate 90 toward the hub 52 with the stroking
tool 140), one or more of the guides 162, 164, 166, or 168 can change the yaw or
pitch of the protile pipe 110 and the outboard pipe 76 having the hub 82 to direct
these components toward alignment with the inboard pipe 50 having the hub 52. For
example, as the plate 90 1s moved from the position shown in FIGS. 15 and 16
toward that shown in FIGS. 17 and 18, the protile pipe 110 1s drawn through the
barrel 98 (with the outboard pipe 76 inside the profile pipe 110) such that one of the
side guides 162 and the bottom guide 164 contact mating bumpers 116 of the
trame 96. As a radially projecting side guide 162 engages and moves along a mating
bumper 116 (e.g,, as shown in FIG. 17), the bumper 116 pushes the tail end of the
profile pipe 110 to rotate the protile pipe 110 (and the outboard pipe 76, via the
plate 90) toward alignment with the hub 52 of inboard pipe 50. That is, mating
engagement of a side guide 162 with a mating bumper 116 changes the yaw of the
profile pipe 110 and the outboard pipe 76 toward alignment with the inboard

pipe 50. Similarly, as the bottom guide 164 engages a mating bumper 116 (e.g., as
shown in FIG. 18), the mating bumper 116 pushes the tail end of the profile

ptpe 110 upward, which causes the pitch of the profile pipe 110 and the outboard
pipe 76 to change toward alignment with the inboard pipe 50. As the guides 162
and 164 push the tail end of the profile pipe 110 toward alignment through
engagement with the bumpers 116, the guides 166 and 168 may engage the surface
of the frame 96 defining the aperture 114 to push the front end of the profile

pipe 110 (along with the plate 90 and the outboard pipe 76) toward alignment with
the inboard pipe 50. The use of guides 162, 164, 166, and 168 to help align the
hubs 52 and 82 during make-up may provide the flowline connector 40 with

increased yaw and pitch tolerances, allowing for greater initial misalignment of the
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outboard pipe 76 with respect to the inboard pipe 50. This in turn may facilitate

manufacturing and reduce costs, such as by allowing looser tolerances for machining,

[0056] At the position depicted in FIGS. 17 and 18, the guide funnels 92 have
recetved ends of the guide pins 60. Interaction between the guide funnels 92 and the
guide pins 60 may further guide the protile pipe 110 and the outboard pipe 76
toward alignment with the inboard pipe 50 as the plate 90, the profile pipe 110, and
the outboard pipe 76 continue to move toward the position depicted in FIGS. 19
and 20. That 1s, engagement between the guide funnels 92 and the guide pins 60 can
help correct yaw and pitch alignment of the outboard pipe 76 with respect to the
inboard pipe 50. And with contact between the hubs 52 and 82 in FIGS. 19 and 20,
continued driving of the plate 90 toward the hub 52 (or closing of the clamp 84
about the hubs 52 and 82) can turther rotate the outboard pipe 76 (with hub 82) and
the profile pipe 110 into alignment with the hub 52, as shown in FIGS. 21 and 22.

[0057] Flowline connectors may be moved and installed in any suitable manner.
The tlowline connector depicted in FIG. 3, for instance, includes four lifting rings on
the outboard assembly 44—two lifting rings at the upper end of the plate 90 and two
litting rings at the upper ends ot the plate 100. These litting rings are depicted as
shackles but may take other forms. Rigging gear may connect the lifting rings to
liftting equipment (e.g;, a crane) for moving the outboard assembly 44, such as during

installation or removal of the outboard assembly 44 from a subsea installation.

[0058]  In some instances, a lifting tool may be used to facilitate installation of a
tlowline connector. In one example shown in FIGS. 23 and 24, a lifting tool 172
includes arms 174 connected to an upper body 176 via hubs 178 that allow the
arms 174 to rotate with respect to the body 176 (i.e., about the axis 180). A hoisting
line or other rigging can be coupled to the lifting tool 172 via a litting ring 182
attached to the body 176 (e.g., a shackle attached to a padeye of a litting-beam
body 176).
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[0059]  The lower end of the lifting tool 172 depicted in FIGS. 23 and 24
includes an interface latch assembly for coupling the lifting tool 172 to an outboard
assembly 44. More specitically, a bracket 186 1s connected to lower ends of the
arms 174 to facilitate attachment of the lifting tool 172 to an outboard assembly 44
recetved 1n the bracket 186, such as shown in FIG. 25. In the depicted embodiment,
the arms 174 are connected to the bracket 186 with hubs 188 that allow the

bracket 186 to rotate with respect to the arms 174 (1.e., about the axis 190).

[0060] In atleast some embodiments, the lifting tool 172 includes one or more
anti-rotation features to selectively inhibit rotation of the bracket 186 with respect to
the arms 174. In the example of FIGS. 23-25, the interface latch assembly includes
lock pins 192 to selectively inhibit rotation of the bracket 186 with respect to the
arms 174. The lock pins 192 can be moved between an engaged (locked) position in
which the lock pins 192 prevent rotation of the bracket 186 with respect to the
arms 174 and a disengaged (unlocked) position in which the lock pins 192 do not
interfere with such rotation ot the bracket 186 with respect to the arms 174. As
depicted in FIG. 24, the lock pins 192 extend through the arms 174. The lock

pins 192 may be moved inwardly to insert the ends of the lock pins 192 into mating
recesses 194 (e.g,, holes) in the bracket 186 such that the ends of the lock pins 192
block rotation of the bracket 186 with respect to the arms 174. The lock pins 192
may be retracted to draw the ends of the lock pins 192 out ot the recesses 194 and
allow rotation of the bracket 186 with respect to the arms. Although a pair of lock
pins 192 are depicted in FIG. 24, the lifting tool 172 could include any suitable
number of lock pins 192. This may include more than two lock pins 192, just one

lock pin 192, or no lock pins 192.

[0061] To attach the lifting tool 172 to the outboard assembly 44, the lifting
tool 172 may be moved to receive the outboard assembly 44 within the bracket 186,
such as shown in FIG. 25. The lifting tool 172 can be attached to the outboard

assembly 44 1n any suitable manner. In the embodiment depicted in FIG. 25, the
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outboard assembly 44 includes plates 196 and 198, the bracket 186 is positioned
between plates 196 and 198, and the bracket 186 is locked to the outboard 44 via
engagement of lock pins 202 with mating recesses 204 (e.g., holes) in the

bracket 186. The lock pins 202 extend through the plate 196 and may be moved
between an engaged (locked) position, in which the lock pins 202 are received in the
recesses 204 and secure the outboard assembly 44 to the bracket 186, and a
disengaged (unlocked) position in which the lock pins 202 are withdrawn from the
recesses 204 to allow separation of the bracket 186 from the outboard assembly 44.
In at least some embodiments, the lock pins 192 and 202 may be moved between
locked and unlocked positions via an ROV. In the embodiment of FIG. 25, the
outboard assembly 44 includes two lock pins 202 to selectively engage the two
recesses 204 at the sides ot the bracket 186 and lock the outboard assembly 44 to the
liftting tool 172. In other instances, the outboard assembly 44 can include more than

two lock pins 202, just one lock pin 202, or no lock pins 202.

[0062]  Itwill be appreciated that the lifting tool 172 can be used to lower the
outboard assembly 44 to a subsea installation. To connect the outboard assembly 44
to the lifting tool 172, the lifting tool 172 may be hoisted (e.g., from a ship deck via a
crane connected with a lifting set to the lifting ring 182) over the outboard

assembly 44 and then lowered so that the outboard assembly 44 is received within
the bracket 186. In some embodiments, the bracket 186 1s landed on the outboard
assembly 44 (e.g,, on the porch 78) between the plates 196 and 198. The lock

pins 192 can be in their locked positions before hoisting the lifting tool 172 to
prevent rotation of the bracket 186 with respect to the arms 174. With the outboard
assembly 44 positioned within the bracket 186, the lock pins 202 can be moved to
their locked positions to extend into the recesses 204 of the bracket 186 and secure
the lifting tool 172 to the outboard assembly 44. The lock pins 192 can then be
disengaged to allow rotation of the arms 174 with respect to the bracket 186 and the
outboard assembly 44. In some instances, the arms 174 may be pivoted about

axis 190 to lower the arms 174, the body 176, and the lifting ring 182 down from an
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upright position above the outboard assembly 44 to a lateral position (e.g, parallel to
a deck on which the outboard assembly 44 rests such that the arms 174 extend past
the guide funnel 120).

[0063] A tlexible flowline, such as a tlexible jumper, can be connected to the
outboard assembly 44 (e.g;, to the left end of the outboard pipe 76 depicted in

FIG. 25). In some embodiments, the connected tlexible tflowline can be raised to lift
the outboard assembly 44 from the deck and suspend the outboard assembly 44
trom the flexible flowline. The outboard assembly 44 may then be lowered on the
tlexible flowline through water toward a seabed. During initial lowering of the
outboard assembly 44 through the water, the weight of the outboard assembly 44
can be mostly or fully supported by the flexible tlowline such that the outboard
assembly 44 1s in a generally vertical orientation (e.g, with the porch 78 generally
vertical and the guide funnel 120 positioned under the clamp 84). As the outboard
assembly 44 approaches the seabed on the flexible flowline, the lifting tool 172 may
be pulled via a hoisting line to rotate the outboard assembly 44 toward a generally
horizontal position, such as that depicted in FIG. 25. The guide funnel 120 can then
be captured by the guide post 72, and the outboard assembly 44 can be aligned and

landed next to the inboard assembly 42, such as in the manner described above.

[0064]  The orientation of the outboard assembly 44 may be controlled in any
suitable manner during the landing process. In at least some embodiments, including
that depicted in FIGS. 23-25, the litting tool 172 includes rigid arms 174 that, with
the bracket 1806, securely hold opposite sides ot the outboard assembly 44 and
prevent roll of the outboard assembly 44 about its longitudinal axis. Additional
rigging may be used to maintain the pitch and yaw of the outboard assembly 44
within desired ranges. In some instances, this additional rigging may include at least
one winch to reel in or pay out at least one rigging line to control yaw or pitch angle
of the outboard assembly 44 during installation. For example, winches and rigging

lines may be connected between the litting tool 172 and the plate 100 of the
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outboard assembly 44 and operated to control yaw and pitch angle of the outboard
assembly 44 to facilitate installation. Once the outboard assembly 44 is landed at a
desired location (e.g;, at the subsea installation), the lock pins 202 may be disengaged
(e.g., by an ROV) to release the lifting tool 172 from the outboard assembly 44 and
the lifting tool 172 may then be removed. The outboard assembly 44 may later be
retrieved from a subsea installation by lowering the litting tool 172 onto the outboard
assembly 44, engaging the lock pins 202 to secure the lifting tool 172 to the outboard
assembly 44, and then raising the litting tool 172 with the outboard assembly 44

connected.

[0065]  While the aspects of the present disclosure may be susceptible to various
modifications and alternative forms, specitic embodiments have been shown by way
of example in the drawings and have been described in detail herein. But it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all moditications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

tollowing appended claims.
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CLAIMS
1. An apparatus comprising:

a flowline connector including an inboard pipe and an outboard assembly,
the outboard assembly including an outboard pipe supported within a frame such
that the outboard pipe is moveable within the frame to allow the outboard pipe to be
moved toward the inboard pipe, wherein the outboard assembly also includes a
profile pipe in which the outboard pipe is received, the protile pipe and the outboard
pipe are connected to move synchronously, and the protile pipe includes at least one
guide to change pitch or yaw of the outboard pipe to direct the outboard pipe
toward alignment with the inboard pipe as the outboard pipe 1s moved within the

trame toward the inboard pipe.

2. The apparatus of claim 1, wherein the at least one guide 1s fastened to
the profile pipe.
3. The apparatus of claim 2, wherein the at least one guide includes a

tirst guide that is fastened to the profile pipe and positioned to change the yaw of the
outboard pipe to direct the outboard pipe toward alignment with the inboard pipe as
the outboard pipe 1s moved within the frame toward the inboard pipe and a second
guide that 1s fastened to the protile pipe and positioned to change the pitch of the
outboard pipe to direct the outboard pipe toward alignment with the inboard pipe as

the outboard pipe 1s moved within the frame toward the inboard pipe.

4. The apparatus of claim 1, wherein the flowline connector includes an
inboard assembly having the inboard pipe, wherein the outboard assembly includes a
landing porch with rounded keys configured to be recetved in mating slots of the

inboard assembly.
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5. The apparatus of claim 4, wherein the inboard assembly includes a

cradle that receives the inboard pipe and has the mating slots.

6. The apparatus of claim 4, wherein the inboard assembly includes a
bumper positioned to engage the landing porch and limit positive pitch of the
outboard pipe when the rounded keys are recetved in the mating slots of the inboard

assembly.

7. The apparatus of claim 4, wherein the inboard assembly includes a
guide post and the outboard assembly includes a guide funnel with an aperture to

recetve the guide post.

8. The apparatus of claim 7, wherein the guide post and the guide

tunnel share a keyed intertace.

9. The apparatus of claim 1, comprising a stroking tool coupled to drive

movement of the outboard pipe toward the inboard pipe.

10. The apparatus of claim 9, wherein the stroking tool is an

accumulator-assisted stroking tool.

11. The apparatus of claim 1, comprising a lifting tool coupled to the
outboard assembly, wherein the lifting tool includes rigid arms rotatably coupled to

opposing sides of the outboard assembly.
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12. The apparatus of claim 11, comprising a first lock pin that inhibits
rotation of the rigid arms with respect to the outboard assembly and a second lock

pin that secures the lifting tool to the outboard assembly.

13. An apparatus comprising:

a flowline connector including an inboard pipe and an outboard assembly,
the outboard assembly including an outboard pipe supported within a frame such
that the outboard pipe is moveable within the frame to allow the outboard pipe to be
moved toward the inboard pipe, wherein the outboard assembly includes a radially
protruding guide configured to engage the frame and rotate the outboard pipe
toward alignment with the inboard pipe as the outboard pipe 1s moved within the

trame toward the inboard pipe.

14. The apparatus of claim 13, wherein the radially protruding guide

includes a block mounted on an additional pipe of the outboard assembly.

15. The apparatus of claim 13, wherein the outboard pipe is connected to

a jumper and the inboard pipe 1s connected to a manifold.

16. The apparatus of claim 13, comprising a clamp positioned to close

about an end hub of the outboard pipe and an end hub of the inboard pipe.

17. The apparatus of claim 16, wherein the clamp 1s mounted on a plate

of the outboard assembly.
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18. A method of coupling a first pipe and a second pipe in tluid

communication, the method comprising;

positioning the first pipe with respect to the second pipe such that the first
pipe is spaced apart from the second pipe and 1s not axially aligned with the second
pipe;

moving the first pipe toward the second pipe, wherein moving the first pipe
toward the second pipe includes drawing at least one radially protruding guide
moving with the first pipe along a frame so as to rotate the first pipe toward axial

alignment with the second pipe; and

securing the first and second pipes in fluid communication.

19. The method of claim 18, wherein drawing the at least one radially
protruding guide along the frame so as to rotate the first pipe toward axial alignment
with the second pipe includes drawing the at least one radially protruding guide along

the frame so as to change pitch and yaw of the first pipe.

20. The method of claim 19, wherein the at least one radially protruding
guide includes at least two radially protruding guides on an additional pipe that

surrounds and moves with the first pipe.

21. The method of claim 18, comprising landing an outboard assembly
having the first pipe next to an inboard assembly having the second pipe, wherein
landing the outboard assembly next to the inboard assembly includes lowering keys

of the outboard assembly into tapered slots of the inboard assembly.
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22. The method of claim 18, wherein moving the first pipe toward the
second pipe includes actuating a stroking tool mounted on the frame to push the

tirst pipe toward the second pipe.



CA 03148460 2022-01-21

WO 2021/016341 PCT/US2020/043051

1/14

24—~
10— PL

24 29
4

ET
PUMP STATION —16

24
29 24 f14 29

L—18

N

12~ TRee [CPC Ch[C| TREE 12
22 22
24|24 | MANIFOLD 54 24

12~ TREE [CFC cH{c| TRee 12
24 24 24— ,, 24 24
22 2A~Ngl 14 22

12~ TREE [CRC ch{c| TRee 12
22 22
Jalon| MANIFOLD | o)) oy

12— TREE [CFHC ch{c| TRee 12
24 24 24—ACT 24 24

14
22 24~ MANIFOLD 24 2
c c
I | I 1| |
32— o

NANN NN NNNNNNNANNNNNNNNNNNNNNAN

3 FIG. 2

777777W777”77ﬁ7777ﬁ77f7r '



CA 03148460 2022-01-21

WO 2021/016341 PCT/US2020/043051
2 /14
40— (&
90 h2 42 122
%6 . 62
FIG. 3 44 < ' 124
102 \‘102 X :
: - ' 1122
100 J b 58
10— | % 3‘6564
76 104 106 ' - 70
\ _ 56 '50 e 46
. 84 92 r 200N
@ LT \E
119116
9%6—"gg 78
0

D




CA 03148460 2022-01-21

PCT/US2020/043051

WO 2021/016341

3/14

s L)

Ry s SV ) e I,

s = BREZ S
Al

.l\.0 r\\; @ &
v\»
A \/
.ﬂ.

S
N
— D

[
=



CA 03148460 2022-01-21

WO 2021/016341 PCT/US2020/043051

4 /14




CA 03148460 2022-01-21

WO 2021/016341 PCT/US2020/043051

- AN
120
126 —1 [ D
) | [] 122
126 126 1
[ r IL il —
120— )
122
8694 124 R 40
\ J102 126 79 /
90 & 94 °
104G 5
102
L . 120
100 ; < = 122
116 :
76 116 106 0T g
Q : o8 126‘ - 78
' 50 %5 |
110 112 58 60 54
116 / 56 - ~—42
96 5 —68
44 60 : 2 70 16
< N
A N o Py
60— ¢ N
66— e | v
FlG 9 \\\ | - ™~ ' |
\\ \ _ e \~\i/ rd



CA 03148460 2022-01-21

WO 2021/016341
6 /14
86 130
94
\ 102 122
920 & 94
104/°C 5
102
100 ' @ :
116 :
/6 116 106 80
U o8
= 50
10 112 58
116 / 56
/ % 52
44 60
<
60—«
66— .

PCT/US2020/043051

72
130
124
120
122
78
(62 54
- ~——42
—68
=—70 46
\\\ ’l
RN X
S
S
P
/’/ \~\i/"/



CA 03148460 2022-01-21

WO 2021/016341 PCT/US2020/043051

/ /14
472
130~ |
94 62
FIG. 11 y ”
. { —120
L 9450 N\ >4
90—\ . 122
102 -

104—, J ‘ 9

102——
100—1
116=7

76
1o 112




CA 03148460 2022-01-21

WO 2021/016341 PCT/US2020/043051

142
148 140 '
4& ‘{ 1%4': 36
) N 58
) 62
| TS \:L
) - e 94 50 TS
142 -] | - 52 | %6
100—7 T i
110 104 A ﬂE k— : 54
i‘ 18 / 12— | | .i yu
. 106 |
112—%'{ 12— \r84
| |
|
I Hgkm
0 Ll O




CA 03148460 2022-01-21

WO 2021/016341 PCT/US2020/043051
9 /14
40
44
42
\ 100 og 90 58
| | / I
162 LZ A -
I 2
166——" % 5“1
---164 ™82 52—~
e it NN o3 P LT T = 1T 77 ——f—=t4{}-
NG 16_5-——7_’_ 1541/
S R g
— % \¥“
162 I — \
96— 114 8
40
\ 90—

ANNNNY

164 116




CA 03148460 2022-01-21
WO 2021/016341

PCT/US2020/043051
10 /14
\ 9|8 / 9l0 92 60 49
] \ \ \
116 A _/(/Z_,L—\ .
162—+—" 164 168 ) e CErE
MO i e
TN 114166 52— ) |1~
156 ) = 154
162 BN —
| —
06— 92 60 8
FIG. 17
40
9 4 3,
100—’4 98 168 94
110 )él_k_ 56
L 162
§ 166 |
S B i i e ——-—-D; :
156 ~
116 ] | N g
164 114 \F_{
96— 92 90




CA 03148460 2022-01-21

WO 2021/016341

11/14

PCT/US2020/043051

. VY.
] | \ )
100 — i ~t~—~—~—~—~—< m
1 - - < 58
Ho— . --164 0o _::_:ZL/ 52
N E Eer ISR e S B
156 /_]'\f?ﬁ‘ =7 154
Ne—R e =,
U | |/ ll N
o5 162 114FIGI 19 2 60 ;\8
\
90— 9% 62
7 44 N
e r
100—Y/ 98 "
/ L 168
. 162
1o J 1662 T—82 E&
156 o 54
116 ) \ —
164 114 .
96—~ / / J
1)



CA 03148460 2022-01-21

WO 2021/016341 PCT/US2020/043051

12 /14
40 /44
\ 162 98 9|O
In \ -
116 4
10—+ 166—"
.--164 168
R == -
156 16—
»"_‘
N\
].16 /; N I W N N \\\ ‘4
= |

96— 162 114
40
\ " 90—__ 94 62

7 N\

b '
100 / k 168 58
10— 162

) 166E 82 fw
156 o 154
116 l \ —
164 114 <
96—" 1)



CA 03148460 2022-01-21

PCT/US2020/043051

WO 2021/016341

13 /14

vLT—"]

881

¢6l

S

| I 74!

¢Ll

€ 9l

881

981 L \a

261

0

yi1—"|

8/1 .
9/1

A
281 2Ll



CA 03148460 2022-01-21

WO 2021/016341 PCT/US2020/043051

14 /14

172 182

176

@ 178

120




//_72
40
o g0 52 42122
86 9 62
FIG. 3 44 &\ 12
102 \‘102 X -
' ' ' H—122
100 ﬁ ! 58
110 116 - o ;=6564
76 104 106 ' <66,
\ ' %50 L "y=46
@ NI E
112 116
96 98 78



	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - ABSTRACT
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - CLAIMS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - REPRESENTATIVE_DRAWING

