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LAUNCH PLATFORM FOR AN UNMANNED
VEHICLE

[0001] The present invention relates to a mobile launch
platform for launching remote and/or autonomous vehicles.
[0002] Inspection, maintenance and repair of subsea pipe-
lines and risers 1s often carried out using unmanned under-
water vehicles (UUVs), such as a remotely operated under-
water vehicle (ROUV) or an autonomous underwater
vehicle (AUV).

[0003] An ROUY, for example, 1s an underwater mobile
device, operated by a crew aboard a vessel. Most ROUVs
are equipped with at least a video camera and lights, but
additional equipment 1s commonly added to expand the
vehicle’s capabilities, such as a manipulator or cutting arm,
and various measurement 1nstruments.

[0004] An AUV 1s a robot which travels underwater with-
out requiring input from an operator. An AUV may also
carry equipment such as a manipulator or cutting arm, and
various measurement instruments

[0005] One limitation of UUVs 1s that they cannot operate
in the splash zone of a platiorm, 1.e. the air-water boundary.
Thus, a UUV will etther be launched and returned from/to a
separate vessel, which will typically be stationed in port and
requested as required, or 1t will be launched by a dedicated
launch and recovery system (LARS) installed on the plat-
form. However, using a separate vessel introduces additional
delays when such maintenance 1s required, and a LARS 1s a
large and expensive structure and 1s not common on many
smaller platforms.

[0006] The present invention provides a carrier vehicle for
carrying a secondary vehicle along an elongate body, the
carrier vehicle comprising a support structure configured to
carry the secondary vehicle, and a translation mechanism
connected to the support structure for causing the carrier
vehicle to translate along the elongate body, wherein the
secondary vehicle 1s capable of movement independently of
the carrier vehicle.

[0007] The present arrangement of carrier vehicle and
secondary vehicle provides a mobile, remote launching
plattorm for the secondary vehicle. This means that the
secondary vehicle does not need to be piloted for long
distances to a specific location, but can instead be carried by
the carrier vehicle, which simply moves along the elongate
body. Furthermore, the carrier vehicle may be less prone to
certain types of turbulence arising in specific areas, such as
a splash zone, thus allowing the secondary vehicle to be
carried safely through these areas. This reduces the need to
special launch equipment to be installed on the platform to
use the secondary vehicle. Furthermore, the carrier vehicle
can provide a remote station for recharging or re-fuelling the
secondary vehicle, or for depositing material such as col-
lected samples or data.

[0008] In various embodiments, the secondary vehicle
may be capable of movement independently of the carrier
vehicle so as to perform an operation on a structure separate
from the elongate body. The structure 1s preferably in the
vicinity of the elongate body. In various embodiments, the
secondary vehicle may be capable of performing an opera-
tion on a structure anywhere within the operational range of
the secondary vehicle. The operational range of the second-
ary vehicle will depend on the nature of the secondary
vehicle, for example how 1t 1s powered, e.g. the size of its
battery, and how 1t 1s controlled, e.g. autonomously, or
remotely via wireless communication or via a tether. In one
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example, 1t may be capable of performing operations on a
structure within 100 m of the carrier vehicle, but in other
embodiments the distance may be greater, such as within
500 m or within 1 km or even further.

[0009] The carrier vehicle may be a crawler-type carrier
vehicle. The term “crawler” retfers to a class of vehicles
which at least partially surround a pipeline and use rollers,
tracks, grippers or the like to “crawl” along the pipeline.
Such devices are easily controlled and allow precise posi-
tioning with respect to the pipeline.

[0010] The elongate body 1s preferably a tubular body, and
preferably a subsea pipeline such as a riser. The secondary
vehicle 1s then preferably a subsea vehicle. Other elongate
bodies may include, for example, platform legs, topside
pipes, scaflolding, and the like.

[0011] The secondary vehicle 1s preferably an unmanned
vehicle, and more preferably an unmanned underwater
vehicle (UUV), such as a remotely operated underwater
vehicle (ROUV). It will be understood, however, that other
unmanned vehicles may also be used as appropriate, such as
unmanned aernial vehicle (UAV) or a remote controlled
(land) vehicle (RCV). That 1s to say, the carrier vehicle may
be used to carry a secondary vehicle for performing surface
operations.

[0012] The secondary vehicle 1s preferably configured to
perform one or more operations on the elongate structure or
on a structure 1n the vicinity of the elongate structure, such
as a wellhead or a platform. Such operations may include
one or more of ispection operations, maintenance opera-
tions (such as cleaning and/or repair operations), upgrading
operations, decommissioning operations, and the like.
[0013] The carrier vehicle preferably comprises a mount
configured to carry the secondary vehicle, such as a docking
station or the like. The mount preferably comprises a releas-
able connection capable of carrying the secondary vehicle.
[0014] The carrier vehicle may comprise a tether connect-
ing the secondary vehicle to the carrier vehicle or the carrier
vehicle may be configured to communicate wirelessly with
the secondary vehicle. Alternatively, the secondary vehicle
may be autonomous, or have a combination of autonomous
and remotely controllable functions.

[0015] The secondary vehicle may be equipped with one
or more 1nspection tools, such as a camera, an ultrasonic
sensor, and the like. The secondary vehicle may be equipped
with manipulators. The secondary vehicle may be equipped
with other tools, such as a cleaning tool, a torque tool, and
the like.

[0016] The secondary vehicle may comprise a battery, and
may be configured to recharge the battery when connected
to the carrier vehicle. This 1s particularly advantageous
where the secondary vehicle 1s not connected, such as via a
tether, umbilical, or the like, to the carrier vehicle. The
secondary vehicle may be configured to download data to
the carrier vehicle when connected thereto.

[0017] In one embodiment, the carrier vehicle may com-
prise an elongate support structure for carrying the second-
ary vehicle. The elongate support structure may provide a
backbone for the carrier vehicle.

[0018] The carrier vehicle 1s preferably configured to hold
the support structure a distance away from the elongate
body. The translation mechanism 1s preferably connected to
the support structure for causing the carrier vehicle to
translate along the elongate body. Whilst the following
embodiments relate to a carrier vehicle including an elon-
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gate support structure, 1t should be appreciated that in
alternative arrangements the support structure may not be
clongate.

[0019] The carrier vehicle described above has an arrange-
ment whereby the secondary vehicle 1s carried using an
elongate support structure, which 1s 1n turn held away from
the elongate body. Thus, the elongate support structure 1s
relatively narrow and so can easily pass even large protu-
berances along the elongate body.

[0020] The elongate body may have at least one protuber-
ance along its length. Exemplary protuberances may include
structures on the elongate body, such as one or more of a
clamp, a valve and a mooring line. The protuberances may
also 1include accumulated matter on the surface of the body,
such as rust, organic matter or the like.

[0021] The carrier vehicle may be configured to pass a
protuberance on the elongate body, preferably whilst
remaining engaged with the elongate body. The term
obstacle 1s also sometimes used to refer to such a protuber-
ance.

[0022] Preferably the carrier vehicle 1s configured such
that every part of the carrier vehicle 1s capable of passing a
protuberance having a total width of at least twice the width
of the elongate body, such as a clamp or valve.

[0023] Preferably the carrier vehicle i1s also or alterna-
tively configured such that every part of the carrier vehicle
1s capable of passing a protuberance extending indefinitely
away Ifrom the elongate body, such as a mooring line. In one
embodiment, every part of the carrier vehicle 1s capable of
achieving a clearance angle of at least 90° with respect to the
axis of the elongate body to pass the protuberance, 1.¢. there
1s an angular sector into which the part does not intrude.
Preferably every part of the carrier vehicle i1s capable of
achieving a clearance angle of at least 135°, and most
preferably at least 180°. In some embodiments, even greater
angle may be achieved, for example up to 270°. Such a
configuration allows the carrier vehicle to translate along
complex structures, for example where the elongate body 1s
supported by two or more members, such as in an apex
frame or the like.

[0024] It will be appreciated that the elongate support
structure preferably does not completely surround the elon-
gate body. In preferred embodiments, the elongate support
structure preferably does not surround more than 180° of the
clongate body, preferably less than 90° and preferably less
than 45°. That 1s to say, from the axis of the elongate body,
the elongate support structure fits within an angle of view of
180°, pretferably within 90° and more preferably within 45°.

[0025] The carrier vehicle 1s preferably configured to hold
the elongate support structure such that 1t 1s substantially
aligned with the elongate body. Where both the elongate
body and elongate support structure are straight, the carrier
vehicle 1s preferably configured to hold the elongate support
structure such that 1t 1s substantially parallel with the elon-
gate body, e.g. within 10°.

[0026] The elongate support structure preferably has a
constant length. That 1s to say, the support structure does not
extend and contract 1ts overall length. Instead, one or more
parts of the carrier vehicle may move with respect to the
support structure, e.g. by sliding up and down 1its length. In
some embodiments, the elongate support body may be a
rigid member. In other embodiments, the elongate support
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structure may comprise an articulated member, having two
or more hinged sections. In that case, each section preferably
has a constant length.

[0027] The carrier vehicle may comprise one or more
guide assemblies for aligning the carrier vehicle, and pret-
erably the support structure 1n particular, with respect to the
clongate body. The guide assemblies preferably restrict at
least one degree of movement with respect to the elongate
body, and pretferably restrict all degrees of movement except
for axial movement along the elongate body and/or rotation
about the axis of the elongate body.

[0028] The guide assemblies are preferably connected to
the support structure. The guide assemblies may be config-
ured to hold the weight of the support structure. However, in
preferred embodiments the guide assemblies provide only an
aligning function and do not support the majority of the
weight of the carrier vehicle.

[0029] FEach guide assembly 1s preferably configured to
pass a protuberance on the elongate body. For example, each
guide assembly may be configured to be movable away from
the elongate body, either passively or 1n a controlled manner.
[0030] FEach guide assembly preferably comprises at least
two engagement members for engaging the elongate body
from different directions. For example, the guide assembly
may comprise a yoke supporting the engagement members
on opposing sides of the elongate body. The engagement
members preferably comprise rollers, although other forms
of engagement member could be used. Preferably the
engagement members are connected to the support structure
so as to allow them to disengage from the elongate body. For
example, the engagement members may be mounted on
arms rotatable about an axis oflset from the axis of the
clongate body. The axis may be substantially parallel to the
axis of the elongate body or 1t may be substantially parallel
to a direction perpendicular to the axis of the elongate body.

[0031] The translation mechanism preferably comprises at
least two translation members, such as grippers, belts,
wheels, tracks or the like. Preferably each of the translation
members 1s configured to be disengageable from the elon-
gate body to pass a protuberance. Preferably the translation
mechamism can support the weight of both the carrier
vehicle and the secondary vehicle under designed operating
conditions when at least one of the translation members 1s
disengaged from the elongate body. Preferably the transla-
tion mechanism can also support the weight of both the
carrier vehicle and the secondary vehicle under atmospheric
conditions, €.g. when out of water.

[0032] Preferably the translation mechanism is configured
such that the carrier vehicle can translate with at least one
translation member engaged with the elongate body at all
times. Preferably the translation mechanism 1s configured
such that, in the event of loss of power, at least one
translation member remains engaged with the elongate body.

[0033] Where the carrier vehicle comprises a support
structure, the translation mechanism may be configured to
hold the support structure at either fixed distance away from
the elongate body or at a controllable distance away from the
clongate body. For example, each translation member may
be supported by an arm connected to the support structure.

[0034] The carrier vehicle may use any suitable translation
mechanisms. For example, the translation members may
comprise wheels or rollers driven by a motor. Alternatively,
the carrier vehicle may use thrusters, propellers or the like.
Preferably, however, each translation member comprises a
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gripper configured to grip the elongate body. Grippers have
been found to provide the most reliable and precise means
of translation along an elongate body. Of particular impor-
tance 1s that a gripper does not normally allow any axial
movement when gripped, ensuring that the carrier vehicle
does not move 1n the event of loss of power (provided the
gripper remains engaged). Thus, for example, where the
carrier vehicle 1s waiting for the secondary vehicle to
complete an operation, the translation mechanism may be
powered down to reduce power consumption of the carrier
vehicle.

[0035] Preterably at least one of the grippers 1s movable 1n
the axial direction of the elongate body. Thus, the carrier
vehicle can translate along the elongate body by gripping the
clongate body, moving the movable gripper, reversing which
grippers grip the elongate body, and reversing the movement
of the movable. As discussed above, the carrier vehicle 1s
preferably configured such that there 1s always at least one
gripper engaged with the elongate body at any time. The
grippers are preferably configured to not release the elongate
body 1n the event of loss of power.

[0036] In a preferred embodiment, the at least one gripper
1s movable so as to move past at least one other gripper. This
increases the range of movement available for the grippers
within a given length of space, allowing the carrier vehicle
to move further for each grip-move cycle.

[0037] The translation mechanism preferably comprises
two arms with one of the grippers at the end of each arm.
Each of the arms can preferably be swung aside from the
clongate body to allow the carrier vehicle to pass a protu-
berance. Preferably each arm can be swung to an angle of at
least 45° with respect to the axis of the support structure.

[0038] In one embodiment, each gripper comprises {first
and second clamps arranged to oppose each other, wherein
the clamps define a path for the elongate body to be receirved
therebetween. The gripper preferably further comprises an
actuation mechanism configured to drive the first and second
clamps to move towards the path. In one arrangement, two
frame members connect to the first and second clamps,
respectively, the frame members being pivotally connected
to one another about an axis perpendicular to the path. The
actuation mechanism may then be configured to drive a
relative rotation between the frame members causing the
first and second clamps to move towards the path.

[0039] The gripper may further comprise third and fourth
clamps arranged to oppose each other and being axially
oflset along the path from the third and fourth clamps. Of the
two frame members, one may connect the first and fourth
clamps and the other may connect the second and third
clamps. When the actuation mechanism drives relative rota-
tion between the frame members the first and second clamps
and the third and fourth clamps are each caused to move
towards the path. This gripper configuration provides a
stable connection where the elongate body 1s gripped 1n a
manner that provides resistance of rotation of the gripper,
and hence the carrier vehicle, about the axis perpendicular to
the elongate body.

[0040] The actuation mechanism may be configured to
push the second clamp away from the fourth clamp to drive
the rotation of the frame members.

[0041] The actuation mechanism preferably comprises
two linkage members pivotally connected to one another and
pivotally connected at their free ends to one of the frame
members, respectively. The actuation mechanism preferably
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drives the relative rotation by driving the pivotally con-
nected ends of the linkage members towards or away from
the axis of rotation of the frames. The linkages are preferably
driven by a linear actuator.

[0042] The linkage members are preferably sized so as to
be aligned 1n a straight line when the gripper 1s 1n its engaged
position. The linkage members are preferably shaped to
permit movement beyond the straight line position into an
overextended position, but to prevent further movement
beyond the overextended position. In this position, the
gripper 1s slightly released from its maximum grip, but a
force pushing the gripper 1n the release direction pushes the
linkages further 1n the overextended direction, which 1is
prevented by the shape of the linkages. This configuration
requires no power to remain engaged, thus providing a
failsate gripper. In the overextended position, the linkage
members are preferably less than 20°, and more preferably
less than 10°, away from the straight line direction.

[0043] In one embodiment, the carrier vehicle may be
adaptable for use with multiple elongate bodies of different
cross-sectional shape. For example, the clamps of the grip-
per or the grippers themselves may be configured to be
interchangeable.

[0044] The grippers may each be part of a gripper system.
The system may comprise a mount, an arm connected to the
mount via a hinge and the gripper. In one arrangement, each
gripper system may comprise a linear actuator oriented 1n a
direction parallel to the hinge axis, and the linear actuator 1s
connected to the linkage via an arm. The gripper system 1s
preferably arranged such that movement of the linear actua-
tor causes the linkage to first release the clamps and then to
rotate the arm about the hinge. This occurs because the axis
of the actuator 1s offset from the axis of the hinge. Thus,
when the linkage reaches the limit of 1ts travel, the arm 1s
swung aside by the continued movement of the actuator.

[0045] The carrier vehicle may comprise two or more such
gripper systems, preferably connected to the support struc-
tures via their mounts, where at least one of the gripper
systems 15 movable with respect to the support structure

[0046] The carnier vehicle, and preferably the translation
mechanism 1n particular, 1s preferably configured to drive
controlled rotation of the carrier vehicle around the axis of
the elongate body.

[0047] In one arrangement, each clamp of the gripper
preferably includes a housing and a friction pad for engaging
the elongate body. The friction pad 1s preferably movable
with respect to the housing to cause the housing to rotate
about an axis of the elongate body. Thus, where the housing
1s connected to the support structure, e.g. via the frame
members of the gripper, the relative rotation of the housing
and the friction pad will cause the carrier vehicle to rotate
about the axis of the elongate body.

[0048] In one embodiment, the secondary vehicle 1s car-
ried by a launch module of the carrier vehicle. The carrier
vehicle may be arranged to carry one or more further
modules for a variety of purposes. Preferably, the one or
more modules are configured to perform one or more
operations on the riser or on a structure in the vicinity of the
riser. Such operations may include one or more of inspection
operations, maintenance operations (such as cleaning and/or
repair operations), upgrading operations, decommissioning
operations, and the like. For example, the one or more
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modules may include at least one of a repair module, a
cleaning module, an inspection module and a manipulator
module.

[0049] In such an arrangement, the carrier vehicle may be
capable of performing one or more operations on the elon-
gate body 1tself, whilst the secondary vehicle can perform
one or more operations on structure in the vicinity of the
clongate body.

[0050] The launch module and/or the one or more further
modules may be permanently connected to the support
structure. Preferably, however, at least one of the one or
more further modules 1s interchangeable, 1.e. such that 1t can
be removed and replaced by another, different module. Thus,
the vehicle may comprise one or more module connection
points for alternate connection of at least two diflerent
modules. This modular configuration allows for a single
vehicle to be used for multiple purposes. For example, the
carrier vehicle may be used to perform an 1nspection process
followed by a repair process, 1.e. by first using an inspection
module, removing the inspection module, and replacing the
inspection module with a repair module.

[0051] In one embodiment, the carrier vehicle may com-
prise a repair module. The repair module 1s preferably a
re-usable repair module. The repair module may comprise a
housing shaped to surround the elongate body, establishing
a sealed chamber between the housing and the elongate
body. The repair module 1s preferably capable of draining
water from the sealed chamber and/or performing a repair on
the elongate body using a self-contained repair apparatus.
The repair module may be configured to fill the sealed
chamber with a fluid during the repair. The fluid may be air
or another gas, pure water, a cleaning flmid or other agent.
The vehicle or repair module may include a local source of
fluid or may comprise a connection to a remote source, such
as via an umbilical.

[0052] The housing of the repair module may comprise
two housing segments that, when engaged with one another
around an elongate body, form the sealed chamber. The
housing segments are preferably separated by a rotational
movement about a pivot axis.

[0053] The repair module 1s preferably carried by the
support structure via a frame, which provides pivots about
which the housing segments rotate to engage or disengage
the elongate body. The frame 1s preferably shaped so that the
housing segments, when closed, will close around the elon-
gate body when the vehicle engages the elongate body. The
repair module 1s preferably capable of passing a protuber-
ance on the elongate body when the housing segments are 1n
their open position.

[0054] At least one of the housing segments preferably
includes a seal along its free edge for sealing against the
other housing segment. The housing preferably further com-
prises a sealing arrangement for sealing against the elongate
body. The sealing arrangement 1s preferably provided with a
part on each housing segment.

[0055] The sealing arrangement may comprise a seal stack
shaped to surround the elongate body, the seal stack com-
prising at least three seal members interleaved with spacers
so as to define at least two chambers between adjacent seal
members, wherein one of the chambers 1s connected to a
pressurised fluid conduit to provide a fluid barrier, and
wherein another of the chambers 1s connected to a drain
conduit.
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[0056] This seal configuration provides a good configu-
ration for sealing against an elongate body that does not have
an even surface, as 1s likely to be the case where repair 1s
required. Should water leak past one seal, 1t can be drained
via the drain conduit to reduce 1ts pressure. Furthermore, a
fllmd barrier 1s provided that opposes ingress of water
beyond the fluid barrier.

[0057] Preferably a frame 1s provided around the seal
stack and a compression assembly 1s provided to compress
the seal stack against the frame. This configuration applies
pressure to the seal stack, causing it to expand radially and
engage the elongate body.

[0058] The compression assembly may comprise a lever
arm connected to the frame and arranged to press on the seal
stack. Optionally a compression ring may be provided
between the seal stack and the lever arm. A linear actuator
may be connected to the other end of the lever arm to cause
it to press on the seal stack. This allows for engagement of
the seal 1n a precise and controlled manner.

[0059] In an alternate arrangement, the compression
assembly may comprise a pair of threaded elements, wherein
one threaded element 1s axially fixed to the frame such that
relative rotation of the elements applies compression to the
seal stack.

[0060] Preferably the fluid barrier chamber 1s inward with
respect to the drain chamber. That 1s to say, the fluid barrier
chamber 1s closer to the sealed chamber of the repair
module. In one embodiment, the fluid barrier chamber 1s
formed adjacent the innermost seal member of the seal stack.
In alternative arrangements, however, fluid barrier chamber
may be outwards with respect to the drain chamber, 1.e.
towards the exterior.

[0061] The seal assembly 1s preterably configured to sup-
ply fluid to the fluid barrier at a pressure higher than the
pressure outside the seal assembly. Thus, the fluid barrier
opposes the ingress of water into the sealed chamber.
Preferably the fluid forming the flmid barrier 1s the same as
a fluid filling the sealed chamber.

[0062] Pretferably the seal members are provided i1n a
replaceable cartridge. Optionally, the spacers may also be
provided in the replaceable cartridge. Thus, the sealing
member can be replaced with different seals, for example to
seal against elongate bodies of different shapes or materials,
or to improve a seal against a particularly uneven body.
[0063] In one embodiment, the one or more modules may
comprise a manipulator module. The manipulator module
preferably comprises a manipulator, such as a gripper or the
like. The manipulator may be provided on an articulated
arm, for example, such that the vehicle can perform various
operations on or around the elongate body.

[0064] In one embodiment, the one or more further mod-
ules may comprise a cleaning module. The cleaning module
preferably comprises a cleaning tool for cleanming the elon-
gate body or an object close to the elongate body.

[0065] In one embodiment, the cleaning tool comprises
one or more brushes, or one or more flexible or elastomeric
cleaning elements. Preferably the cleaning elements are
arranged as outwardly elements rotatable by a rotor. The
cleaning elements are preferably configured so as to repeat-
edly impact against a surface of the elongate body.

[0066] Optionally, either in addition or instead of the
cleaning elements, the cleaning tool may comprise one or
more fluid nozzles. The cleaning module may be configured
to supply fluid from a fluid container, from topside through
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a tube, or from the surrounding environment, e¢.g. the fluid
may be water. The cleaning module thus preferably com-
prises a pump for supplying pressurised fluid to the nozzles.
[0067] In one embodiment, a single module may be con-
figured to operate as both a manmipulator module and as a
cleaning module. For example, the manipulator may be
configured to carry a cleaning tool.

[0068] Viewed from another aspect, the present invention
may also be seen to provide a method of performing an
operation on a remote structure 1n the vicinity of an elongate
body, the method comprising: carrying a secondary vehicle
to a launch location along the elongate body using a carrier
vehicle that translates along the elongate body; releasing the
secondary vehicle from the carrier vehicle, such that the
secondary vehicle 1s capable of movement independently of
the carrier vehicle; and performing the operation on the
remote structure using the secondary vehicle. The method 1s
preferably performed using a vehicle including a launch
module as described above or using a carrier vehicle as
described above.

[0069] The method may further comprise, after perform-
ing the operation, mounting the secondary vehicle to the
carrier vehicle; and preferably then carrying the secondary
vehicle to another location along the elongate body using the
carrier vehicle. For a subsea vehicle, the launch location
may be subsea and the further location may be topside, for
example.

[0070] In various embodiments, the elongate body 1s pret-
erably a subsea tubular structure, such as a riser, and the
secondary vehicle 1s preferably a remotely operated under-
water vehicle.

[0071] The method preferably comprises carrying the sec-
ondary vehicle from a location topside to a subsea launch
location, e.g. through the splash zone.

[0072] Certain preferred embodiments of the invention
will now be described 1n greater detail by way of example
only and with reference to the accompanying drawings, 1n

which:

[0073] FIG. 1 shows a vehicle capable of translation along
a pipeline;

[0074] FIG. 2 shows a gripper of the vehicle engaged with
the pipeline;

[0075] FIG. 3 shows the gripper of the vehicle releasing
the pipeline;

[0076] FIG. 4 shows the gripper of the vehicle disengaged

from the pipeline;
[0077] FIG. S shows details of the reverse side of the
gripper shown i FIGS. 2 to 4;

[0078] FIG. 6 shows an alternative rolling guide member
of the vehicle engaged with the pipeline;

[0079] FIG. 7 shows the rolling guide member of FIG. 6
passing a protuberance on the pipeline;

[0080] FIG. 8 shows details of a repair module to be
carried by the vehicle;

[0081] FIG. 9 shows the repair module viewed 1n an axial
direction 1n 1ts open position;

[0082] FIG. 10 shows the repair module viewed 1n an axial
direction 1n 1ts closed position;

[0083] FIG. 11 shows a cross-section through a pipeline
seal of the repair module;

[0084] FIG. 12 shows another cross-section through the
pipeline seal showing access conduits;

[0085] FIG. 13 shows a robotic arm to be carried by the
vehicle;
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[0086] FIG. 14 shows a cleaning tool to be carried by the
robotic arm;
[0087] FIG. 15 shows an alternative cleaning tool carried

by the robotic arm; and

[0088] FIG. 16 shows the vehicle carrying an unmanned
subsea vehicle.
[0089] FIG. 1 illustrates a vehicle 10 for carrying one or

more modular components to be used during inspection,
repair or maintenance of a subsea pipeline, such as a riser 2.
As used herein, “inspection” refers to operations which
assess the condition of the riser, and “maintenance” retfers to
operations required for maintaining the condition of the
riser, such as cleaning the riser, and “repair” refers to
operations for restoring the condition of the riser, such as
repairing damage to the riser, and replacing damaged or used
components associated with the riser. In FIG. 1, the riser 2
1s mounted to a leg 4 of a platform by a plurality of riser
oflset clamps 6.

[0090] The vehicle 10 comprises a primary support struc-
ture 12, which acts as a backbone of the vehicle 10. The
support structure 12 carries a translation mechanism 14, 16
for causing the vehicle 10 to move along the pipeline 2, as
well as one or more modular components, such as the repair
module 18 illustrated in FIG. 1. The support structure 12
optionally further carries one or more guide members 20 for
guiding movement of the vehicle 10 along the pipeline 2.
[0091] The translation mechamsm 14, 16, together with
the guides 20, 1s designed to hold the support structure 12
away from riser 2 such that 1t can move past protuberances
8 on the body of the riser 2, such as the portion of the clamp
6 engaging the riser.

[0092] The translation mechanism 14, 16 comprises two
gripper arms 14, 16. Each of the gripper arms 14, 16 has a
gripper portion 30 shaped to grip the riser 2 and an arm
portion 26 for holding the support structure 12 away from
the riser 2. When engaged, each of the gripper arms 14, 16
1s independently capable of carrying the full weight of the
vehicle 10, including any modular components, under the
intended operating conditions, e.g. subsea (or 1 a splash
zone or 1n the air above the sea surface, as the case may be).
In preferred embodiments, each of the gripper arms 14, 16
1s also capable of supporting the full weight of the vehicle
10 out of the water and may be sufliciently strong to carry
additional loading applied to the vehicle 10.

[0093] FEach of the gripper arms 14, 16 1s mounted on the
support structure 12 1n a manner that allows the respective
gripper portions 30 to be moved away from the riser 2. This
permits the gripper arms 14, 16 to move past any protuber-
ances 8 on the body of the riser 2. In the illustrated
embodiment, the arm portions 26 of the gripper arms 14, 16
are hingedly mounted to the support structure 12 such that
they can rotate about an axis parallel to the riser 2 so as to
move away from the riser 2.

[0094] The first gripper arm 14 1s mounted to the support
structure 12 such that 1t does not move 1n the axial direction
of the niser 2. The second gripper arm 16 1s mounted to the
support structure 12 so as to be translatable with respect to
the support structure 12 1n the axial direction of the riser 2.
A linear actuator 22 1s connected at one end to the second
gripper arm 16 and at the other end to the support structure
12, so as to eflect the axial translation of the second gripper
arm 16.

[0095] In order to cause the vehicle 10 to translate along
the riser 2 1n the upwards direction 1n FIG. 1, the following
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sequence of actions occur, starting from the position shown
in FIG. 1. It will be appreciated that the reverse sequence
will move the vehicle 10 1n a downwards direction in FIG.
1.

[0096] a. The first gripper arm 14 engages and grips the
riser 2.

[0097] b. The second gripper arm 16 releases the riser 2
and 1s swung aside, such that the first gripper arm 14 1s
carrying the weight of the vehicle 10.

[0098] c¢. The actuator 22 1s extended to cause the
second gripper arm 16 to move past the first gripper
arm 14 1n the axial direction of the riser.

[0099] d. The second gripper arm 16 engages and grips
the riser 2.

[0100] e. The first gripper arm 14 releases the riser 2 and
1s swung aside, such that the second gripper arm 16 1s
carrying the weight of the vehicle 10.

[0101] 1. The actuator 22 1s retracted causing the sup-
port structure 12 to be lifted up, moving the first gripper
arm 14 past the second gripper arm 16 and returning the
vehicle 10 to the position 1illustrated in FIG. 1.

[0102] As will be appreciated, one of the gripper arms 14,
16 1s engaged with and gripping the riser 2 at every stage of
the movement. Each of the gripper arms 14, 16 1s configured
so that they will not release the riser 2 1n the event of power
tailure. Thus, should the vehicle 10 suffer a power failure, 1t
will not detach from the riser 2 or move along the riser 2.
[0103] This hand-over-hand movement action permits the
vehicle 10 to easily traverse protuberances 8 on the riser 2
without becoming disengaged from the riser 2. The range of
the actuator 22 1s suflicient to allow the second gripper arm
16 to move past both the protuberance 8 and the first gripper
arm 14.

[0104] Further details of the second gripper arm 16 are
illustrated in FIGS. 2 to 5. The first gripper arm 14 operates
in substantially the same manner as the second gripper arm
16, except that instead of a sliding mount 24 it has a static
mount.

[0105] The second gripper arm 16 comprises a shiding
mount 24 configured to slide axially along the support
structure 12. In the illustrated embodiment, the sliding
mount 24 comprises a frame with wheels engaging corre-
sponding tracks of the support structure 12, although alter-
native connections types may be used.

[0106] An arm portion 26 of the gripper arm 16 1s con-
nected at one end to the sliding mount 24 by a hinge 28. At
the other end of the arm portion 26 1s provided a gripper
portion 30.

[0107] The grnipper portion 30 comprises first and second
clamp members 32, 34. Each of the clamp members com-
prises, with reference to FIG. 5, an upper clamp 32a, 34a
and a lower clamp 325, 34b. The upper and lower clamps
32a, 34a, 32b, 34b of each clamp member 32, 34 are held on
opposite sides of the riser 2 by a bracket 32¢, 34¢. The upper
clamp 32a of the first clamp member 32 opposes the upper
clamp 34a of the second clamp member 34. Similarly, the
lower clamp 3254 of the first clamp member 32 opposes the
lower clamp 346 of the second clamp member 34.

[0108] The brackets 32¢, 34¢ are approximately S-shaped
when viewed in a direction perpendicular to the axial
direction of the riser 2, and approximately U-shaped when
viewed 1n the axial direction of the riser 2. The brackets 32c,
34c¢ are connected to one another so as to pivot about an axis
perpendicular to the riser 2. The riser 2 1s clamped between
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the upper clamps 32a, 34a and between the lower clamps
32b, 34b when the lower end 325 of the first clamp member
32 and the upper end 34a of the second clamp member 34
are pushed away from one another.

[0109] The lower end 3256 of the first clamp member 32
and the upper end 34a of the second clamp member 34 are
hingedly connected to respective linkage members 36, 38
for causing the clamping portion 30 to clamp the riser 30, as
illustrated 1 FIG. 2. At their other ends, the linkage mem-
bers 36, 38 are slidably connected to move along the arm
portion 26 towards and away from the support structure 12.
In this arrangement, the linkage members 36, 38 are con-
nected to a wheeled frame that moves along the arm portion
26, although alternative solutions may also be used.

[0110] The linkage members 36, 38 are driven by a clamp
driving member 40. At one end, the clamp-driving member
40 1s connected to the linkage members 36, 38 so as to slide
long the arm portion 26. The other end of the clamp-driving
member 40 1s connected to the mount 24 so as to be movable
in the axial direction of the riser 2. This end of the clamp-
driving member 40 1s in turn connected to a clamp actuator
42, for driving the clamp portion 30.

[0111] When the clamp actuator 42 1s in 1ts extended
position, the linkage elements 36, 38 hold the clamp mem-
bers 32, 34 against the riser 2. In this position, the linkage
clements 36, 38 are held 1n a position where they are slightly
beyond perpendicular to the axial direction of the arm
portion 26. A stop 37, 39 1s formed on outer side of each
linkage element 36, 38 to prevent further rotation of the
linkage elements 32, 34 beyond this position, and hence
preventing further translation of the wheeled frame support-
ing the linkage elements 36, 38. Thus, when the linkage
clements 36, 38 are pushed beyond their perpendicular
position, they are held 1n position. The linkage elements 36,
38 are eflectively locked in this position because of the
flexibility in the mechanism, provided for example by the
flexibility of the linkages 36, 38, the frames 32¢, 34¢ and the
clamps 32a, 325, 34a, 34b. Hence a force 1s required in order
to pull the mechanism out of lock (reversing the movement)
past the vertical position. Furthermore, any opening force
applied to the gripper portion 30 drives the linkages further
into lock and 1s counteracted by the stops 37, 39. As a result,
little to no resistance 1s required from the clamp actuator 42
to hold the gripper portion 30 closed, and thus 1t remains
gripped should power to the clamp actuator 42 fail. The end
position 1s controlled by the stops 37, 39 on the linkage
clements or by limiting the stroke of the actuation mecha-
nism.

[0112] 'To release the gripper portion 30, a pulling force
must be applied to the linkage elements 36, 38 to move them
out of the locked position and past the perpendicular (neu-
tral/equilibrium) point. This pulling force 1s applied by the
actuator 42, which 1s retracted first to an intermediate
position, shown in FIG. 3. This movement causes the
linkage members 36, 38 to move along the arm portion 26
towards the support structure 12. In doing so, the lower end
of the first clamp member 32 and the upper end of the second
clamp member 34 are brought towards each other, causing

them to release the clamps 32a, 32» 34a, 34b from the riser
2

[0113] The extension/retraction direction of the clamp
actuator 42 1s oflset from the axis of the hinge 28 1n a
direction perpendicular to the direction of the arm 26 when
engaged with the riser. Thus, when the wheeled frame
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reaches the limit of 1ts movement along the arm portion 26,
the continued retraction of the actuator 42 causes the arm to
swing towards the actuator 42 and away from the riser 2.
This position 1s illustrated 1n FIG. 4.

[0114] FIG. 5illustrates details of the gripper portion 30 of
the second gripper arm 16 1n 1ts clamped position from the
reverse side to that shown in FIG. 3.

[0115] The vehicle 10 1s adapted to rotate around the axis
of the riser 2, preferably so as to be able to rotate completely
around the riser 2. This permits the vehicle 10 to rotate to the
optimal angle to pass a protuberance 6. For example, the
riser 2 may have multiple protuberances extending 1n dif-
ferent directions from the riser 2, thus meaning that the
vehicle 10 must be re-orientated part way along the riser 2.
In some embodiment, the vehicle 10 may rotate to position
tools or operational modules 1n the correct position.

[0116] To provide this rotation function, each of the
clamps 32a, 326, 34a, 34b comprises a housing and a
friction pad. The friction pad 1s movable with respect to the
housing. Thus, by relative movement of the friction pad and
the housing, 1t 1s possible to rotate the vehicle 10 about the
riser 2, when the first gripper arm 14 1s disengaged from the
riser 2 (or where the first gripper arm 14 also rotates its
friction pads correspondingly).

[0117] Each friction pad and housing only needs a rela-
tively small degree of movement because the rotation can be
applied 1n a step-wise manner. For example, after rotation of
the vehicle 10, the first gripper arm 14 can be engaged and
the second gripper arm 16 released. The friction pads can be
reset to their neutral position. The second gripper arm 16 can
be re-engaged (and the second gripper arm 14 released if
necessary) and the rotation process repeated.

[0118] The rotation process can be repeated until a desired
degree of rotation 1s achieved. This allows the vehicle 10 to
be completely rotated around the riser. Thus, the vehicle 10
can be aligned to pass a protuberance 8 on the riser 2 or, for
example, to pass through a narrow opening on one side of
the riser 2.

[0119] A method of using the vehicle 10 may comprise
translating the vehicle 10 to a target axial location along the
riser 2 and rotating the vehicle 2 around an axis of the riser
2 to achieve a desired degree of rotation. After achieving the
desired rotation, the method may further comprise translat-
ing the vehicle 10 past a protuberance 6 on the riser 6.
Alternatively, or additionally, the method may comprise,
after achieving the desired rotation, performing an operation
on the riser 2 using the vehicle 10.

[0120] FIGS. 6 and 7 show details of a guide 20 for use
with the vehicle 10. The gmide 20 comprises two rollers 44
shaped to engage the riser 2. Each roller 44 1s supported by
a guide arm 46 that 1s pivotally connected to a yoke 47
mounted to the support structure 12. The guide arm 46 in the
illustrated arrangement 1s biased towards a neutral position
where the guide arms 46 extend substantially perpendicular
to the riser 2 and hold the rollers in contact with the riser 2.
However, 1n alternative embodiments, the position of the
guide arms 46 may be actively controlled by other means,
for example using a rotational actuator or the like.

[0121] When the guide 20 reaches a protuberance 8 on the
riser 2, the rollers 44 are pushed away from the neutral
position to allow them to pass over the protuberance. After
passing, the rollers 44 are biased back to their neutral
position to engage the riser 2 on the other side.
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[0122] Whilst the guide arm 46 in the illustrated arrange-
ment 1s biased towards a neutral position, in alternative
embodiments, the position of the gumide arms 46 may be
actively controlled by other means, for example using a
rotational actuator or the like.

[0123] The guide 20 illustrated in FIGS. 6 and 7 differs
from the guides 20a, 2056, 20c¢ shown 1n FIG. 1. In FIG. 1,
the arms of the yokes 47 of the guides 20a, 206, 20c are
instead pivotable about an axis parallel to the axis of the riser
2 to disengage the rollers 44 from the riser 2. In this
arrangement, the engagement and disengagement of the
guide 10 1s actively controlled by a controller of the vehicle
10.

[0124] FIGS. 8 to 10 1llustrate a repair module 18 to be
carried by the vehicle 10. The repair module 18 1s a variation
of the module described 1n WO2012/0138477 (also published
in English as EP2600051A4).

[0125] The repair module 18 1s a reusable repair module.
It may comprise a housing 48 shaped to surround the riser
2, establishing a sealed chamber between the housing 48 and
the riser 2. Once the sealed chamber has been established,
the repair module 18 may be capable of draining water from
the sealed chamber and may be performing a repair on the
riser 2 using a self-contained riser repair apparatus, as
described 1 W0O2012/013847. It 1s envisaged that an
umbilical may connect the repair module 18 to the surface
to supply a source of fluid for expelling water from the
sealed chamber. The fluild may be air or other gas, pure
water, a cleaning fluid or other agent. In some arrangements
the vehicle 10 or repair module 18 may include a local
source of pressurised gas or other agent to supply the fluid.

[0126] Whilst the housing 48 1s described 1n combination
with the repair module 18 in this embodiment, 1n other
embodiments the housing 48 may be used 1n combination
with other operational modules, e.g. so as to provide a
controlled environment for performing the respective opera-
tion on the riser 2.

[0127] The housing 48 of the repair module 18 comprises
two housing segments 48a, 485. When engaged with one
another around a riser 2, the housing segments 48a, 48b
form the sealed chamber. The housing segments 48a, 48b are
similar 1n nature to those described in W0O2012/013847.
However, instead of being separated by linear movement,
the housing segments 48a, 48b are separated by a rotational

movement about a pivot axis, as illustrated 1n FIGS. 9 and
10.

[0128] Also contrary to W02012/013847, the repair mod-
ule 18 1llustrated 1n FIGS. 8 to 10 does not include collar
segments for causing the repair module 18 to translate along
the riser 2. Instead, the repair module 18 1s carried by the
support structure 12 via a frame 50, although alternative
structure types may be used in place of the frame 50. The
frame 50 1s capable of carrying the weight of the repair
module 18 both subsea, 1n the splash zone and above the sea
surface. The frame 50 provides pivots about which the
housing segments 48a, 48b rotate to engage or disengage the
riser 2. The frame 50 1s shaped so that the housing segments
48a, 4856 will close around the riser 2 when mounted to the
support structure 12 of the vehicle 10, which 1s held at a
predetermined distance from the riser 2 by the gripper arms

14, 16 and the guides 20.

[0129] The movement of each of the housing segments
48a, 48b 1s controlled by a respective actuator 52a, 52b
mounted between the frame 50 and the housing segment
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48a, 48b, although alternative actuator types may be used.
When 1n their separated position, the housing segments 48a,
48b are capable of passing a protuberance 8 on the riser 6.
[0130] To seal against one another, at least one of the
housing segments 48a, 486 includes a seal along its free
edges. Since the housing segments 48a, 48b are manufac-
tured and maintained to a high precision, a relatively simple
seal can be used for sealing between the two housing
segments 48a, 48b6. However, sealing against the riser 2
itself 1s more diflicult as the riser 2 1s exposed to weathering
and will often be heavily corroded or worn. Indeed, since
part of the riser 2 requires repair, 1t 1s likely that the adjacent
portion of the riser 2 where the housing 48 must seal will
also be damaged.

[0131] FIGS. 11 and 12 illustrate a sealing arrangement 56
for sealing the housing 48 against the riser 2. The sealing
arrangement 56 1s formed 1n two parts, one provided on each
of the respective housing segments 48a, 485, which are
brought together when the housing 48 1s sealed against the
riser 2.

[0132] The sealing arrangement 56 comprises a seal stack
including at least three sealing elements 58. The seal ele-
ments 38 are shaped to surround the riser 2 when the housing
1s closed, and will usually each be approximately semi-
annular so as to form an approximately annular seal. The
sealing elements 58 are formed from an elastomeric material
such that, when pressure 1s applied to the stack 1n an axial
direction, the sealing elements 58 will expand 1n a radial
direction causing them to seal against the riser 2.

[0133] Between each of the sealing elements 58 1s pro-
vided a spacer 60, 1n this case 1n the form of a compression
ring 60. The functionality of the spacer 60 1s twofold. Each
spacer 60 provides even axial compression and 1s also
furmished with channels to allow for draining water or
balancing of pressure, as will be discussed below. The
spacers 60 are formed from a stiffer material, such as steel,
so as to distribute a compressive force applied to the seal
stack.

[0134] The sealing arrangement further comprises a com-
pression assembly for applying an axial compression to the
seal stack. The compression assembly comprises a rigid
frame 62 for supporting one axial end of the seal stack and
means for compressing the seal stack against the rigid frame
62. In the illustrated embodiment, the means comprises a
compression ring 64, a plurality of lever arms 66 mounted
to the frame for applying a compressive force to the com-
pression ring 64, and a plurality of actuators 68 (shown in
FIG. 8) for actuating the lever arms 66, although alternative
actuator types may be used. In further alternative arrange-
ments, a similar compressive force can be applied using a
threaded device (e.g. a nut) that 1s screwed down, pushing on
the compression ring 64.

[0135] Whlst the compression of the sealing members 58
may be suflicient to seal against the riser 2, 1n many cases the
surface to the riser will be too uneven for the seals alone.

[0136] FIG. 12 illustrates aspects of the sealing arrange-
ment 54 which provide enhanced sealing in the case of a
riser 2 having a poor surface for sealing.

[0137] Between the mnermost sealing member 58a and
the intermediate sealing member 585, a pressurised gas
barrier 1s formed. The pressurised gas barrier should be at a
pressure higher than ambient sea pressure, such that a
positive pressure differential 1s created across the interme-
diate sealing member 58a 1n the outward direction. Thus,
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even 1f an imperfect seal 1s formed between the riser 2 and
the seal assembly 54, the water cannot enter the sealed
chamber.

[0138] The pressurised gas barrier 1s formed by 1njecting
pressurised gas, 1deally the same gas as 1s used inside the
sealed chamber the repair module 18, into the space between
the two sealing members 38a, 585 via a compressed gas
passageway 64 formed through the frame 62. The barrier gas
pressure shall be above external pressure. For example, at 50
meters below sea level, the ambient water pressure would be
S bar and so the barrier pressure should be more than 5 bar
to provide a margin and “positive drag’ to push out any
leaking water. In some arrangements, the gas pressure may
be controlled based on the ambient pressure. In others, a
constant pressure may be used that 1s above a maximum
expected ambient pressure. It will be appreciated that the
frame 62 must be otherwise airtight. One or more gas
passageways may also be formed in the respective compres-
sion ring 60a.

[0139] The space between the intermediate sealing mem-
ber 585 and the outermost sealing member 58¢ 1s connected
to a sump (not shown) via a drain line 66. Any water passing
the outermost sealing member 58c¢ 1s thus drained from the
seal assembly to minimise a pressure applied to subsequent
seal members. As above, one or more drain passageways
may also be formed 1n the respective compression ring 605.

[0140] The water 1s preferably drained by gravity. The
sump may be a simple container, or may alternatively
include a pump for draining the sump.

[0141] Where more than three sealing members 58 are
present, a drain line 66 may be connected to the region
between each of the seal members 58.

[0142] The sealing assembly 54 has a modular arrange-
ment such that the sealing elements 38 can be easily replaced
to conform to a particular riser. For example, diflerent risers
may have different shapes or diameters, or may require
different materials to ensure a seal. The sealing elements 58
and compression rings 60 may thus be provided as a
cartridge that can be released from the respective halves of
the sealing assembly 54 when the housing 48 1s 1n the open
position, and a new sealing element cartridge 1nserted 1n its
place.

[0143] Although 1t may be powered by batteries, the
vehicle 10 1s preferably powered by means of an umbilical.
When the vehicle 10 1s performing repairs, according to a
preferred embodiment by means of the repair module 18
enabling dry in-situ repairs, direct link to the atmosphere via
a tube integrated to the umbilical or installed beside 1is
preferred. Such an arrangement allows emptying of sea
water from the housing 48 and/or supply of drying and/or
cleaning and/or repair fluids. It further enables gravity
drainage of a sump of the seal arrangement 56 which 1s part
of the preferred housing 48 described herein. Incorporated or
associated with the umbilical may be other tubes connecting
the vehicle 10 topside, which may provide fluid chemicals
for repair or other operations, or compressed fluids for one
or more of cleaning, drying, repair or the like.

[0144] FIG. 16 shows the vehicle 10 operating as a carrier
vehicle 10 carrying an ROV (remotely operated vehicle)
module. This module allows the vehicle 10 to operate as a
mobile launchpad for a remote vehicle 82. Such a configu-
ration allows the vehicle 10 to perform operations at a
distance fturther away from the riser 2 than would otherwise
be possible, e.g. when using the manipulator module 69. For
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example, the ROV 82 may be able to perform inspection and
maintenance on a wellhead or on subsea structures in the
vicinity of the riser 2. In some embodiments, the ROV 82
may be able to travel quite far from the riser 2 to perform
such operations.

[0145] The ROV module comprises a connector for the
ROV 82, such as a mounting attachment or docking station
carried by the support structure 12 of the vehicle 10, and an
ROV 82 capable of being carried by the mounting attach-
ment.

[0146] 'The connector or the ROV 82 may comprise one or
more locking elements to avoid uncontrolled release of the
ROV 82. The connector 82 may comprise guide elements for
guiding the ROV 82 1nto a correct position to be carried by
the carrier vehicle 10, for example so as to engage the
locking element(s).

[0147] The connector for the ROV 82 may include a
wet-mate subsea connector for supply of electrical power to
the ROV 82 when docked with the carrier vehicle 10 and/or
for exchange of data between the ROV 82 and the carrier
vehicle 10. The connector for the ROV 82 may use electrical
communication (e.g. via copper contacts/cables) or optical
communication (e.g. via optical fiber contacts/cables).

[0148] Where the ROV 82 1s a tethered ROV, 1t may be
connected via an umbilical to the vehicle 10, which avoids
the need for a dedicated umbilical back to the surface
(although such a configuration 1s also possible). In alterna-
tive embodiments, the ROV 82 may draw power to recharge

an onboard battery when engaged with the carrier vehicle
10, and thus a non-tethered ROV 82 may be used.

[0149] The ROV 82 may be fully controlled from the
platform, a ship or by distance from an onshore operation
centre, either wirelessly or via one or more umbilicals. In
some arrangements, the ROV 82 may be autonomous, or
have a combination of autonomous and controlled functions.
The ROV 82 may include a local power source, such as a
battery. Thus, where wireless communication or only
autonomous functionally 1s used the ROV 82 can be com-
pletely untethered. Where wireless communication 1s used,
this 1s preferably a low band connection.

[0150] The ROV 82 preferably comprises one or more
electrical thrusters to permit movement of the ROV 82. Each
electrical thruster may comprise a propeller driven by an
electric motor to generate a thrust to move the ROV 82.

[0151] The ROV 82 may be equipped with inspection
tools, such as cameras, ultrasonic sensors, transducers, sonar
and the like. Such sensors may be used to guide the ROV 82
and/or to perform 1nspection of the riser 2, the carrier vehicle
10 or other features in the vicinity of the ROV 82. Alterna-
tively, or additionally, positioning elements such as sensors,
reflectors, locator elements and the like may be positioned
within the area where the ROV 82 1s to perform work, in
order to allow accurate positioning. The sensor elements
may communicate with the ROV 82 directly or may com-
municate with a controller of the ROV 82 to provide
positioning feedback.

[0152] Although not shown, the ROV 82 may be equipped

with mampulators, for example similar to those used in the
manipulator module 69. The ROV 82 may also be equipped

with other tools, such as cleaning tools, torque tools, and the
like.

[0153] By providing an ROV module, the vehicle 10 1s
able to 1inspect and perform operations on a complete subsea
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platform structure associated with the riser 2, including
those areas of the structure which are not accessible for the
vehicle 10 itself.

[0154] The use of an ROV module on the vehicle 10 1s

also advantageous compared to conventional ROV solutions
because 1t provides an improved means of launching an
ROV. An ROV 82 cannot operate 1n the splash zone 1n the
immediate vicimty of a platform, for example. Thus, an
ROV 82 will either be launched and returned from/to a
separate vessel, which will typically be stationed in port and
requested as required, or 1t will be launched by a dedicated
launch and recovery system (LARS) installed on the plat-
form. However, these are large structures and are not com-
mon on smaller platforms. Thus, the modular carrier vehicle
10 can be used to launch an ROV 82 on short notice and can
be easily stored on the platform.

[0155] Also, the ROV 82 often needs to operate 1n a

confined space with risers, umbilicals, jacket legs, etc. Wind
and currents 1n shallower water can make navigation of the
ROV 82 through these obstacles diflicult. The vehicle 10
offers safe and controlled transport of the ROV 82 through
the splash-zone, below which i1t can then be released to
perform a specific operation.

[0156] When implementing an ROV 82 on the carrier
vehicle 10, the ROV 82 may be connected to the carrier
vehicle 10 by means of a docking station.

[0157] It will be appreciated that any of the operational
modules discussed above 1n respect of the carrier vehicle 10
may also be mounted to the ROV 82. Thus, the ROV 82
permits operations to be carried out on objects that are
difficult for the carrier vehicle 10 to access directly. For
example, the ROV 82 could be used to perform inspection,
repalr or maintenance operations on chains, etc.

[0158] In some embodiments, the carrier vehicle 10 may
be used to perform one operation whilst the ROV 82
performs a second operation.

[0159] In one example, the carrier vehicle 10 may inspect
the riser 2 whilst the ROV 82 performs another operation,
for example inspection of other structures such as other
risers or part of a jacket structure of the platform.

[0160] In another example, the ROV 82 may clean the
riser 2 betore the carrier vehicle 10 inspects the riser 2 after
cleaning, 1.e. with the carrier vehicle 10 following the ROV
82. In other operations, the operations may be reversed with
the ROV 82 performing inspection and the carrier vehicle 10
performing cleaning.

[0161] In other embodiments, the carrier vehicle 10 may
be immobilised for longer periods after translation along the
riser 2 upon reaching the target depth or position. This would
present a near-static base for activity of the ROV 82, which
may be of interest when planning for long jobs, or repeated
jobs at the same location. As an example, a battery-powered
ROV 82 could reconnect to its docking station and reload
upon low level battery, or between jobs. The ROV 82 could
then also download and transmit all data acquired during the
job and stored on a builer data storage.

[0162] The ROV 82 may be used to provide propulsion for
the carrier vehicle 10 whilst the ROV 82 1s engaged with the
carrier vehicle 10. For example, the carrier vehicle 10 may
disengage from the riser 2 and the ROV 82 may be used to
transport the carrier vehicle 10 to another location, such as
another riser or a part of the jacket structure. In another
example, the ROV 82 may be used to control and position
the carrier vehicle 10 on the riser 2.
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[0163] The ROV 82 may be used to assist the other
functions of the carrier vehicle 10. For example, the ROV 82
may be used to install, remove or interchange the operational
modules of the carrier vehicle 10, e.g. the carrier vehicle 10
may carry alternative, interchangeable operation modules.

[0164] The ROV 82 may be configured to perform clean-
Ing, maintenance or repair operations on the carrier vehicle
10, and/or the carrier vehicle 10 may be configured to
perform cleaning or repair operations on the ROV 82.

[0165] A particular application of this local docking sta-
tion concept would be to 1nstall a static docking station at the
point of interest of the subsea structure, as a support and
possibly storage of the ROV 82.

[0166] The carrier vehicle 10 may also perform installa-
tion operations, such as deploying a new cable linking a
platform to a subsea umt. A module on the vehicle 10 may
carry a roll of cable connected to the platform, and translate
down the riser 2 to the seatloor, where for example a ROV
82— possibly also carried by a module of the carrier vehicle
10—will finalise connection to the subsea unit. In an alter-
native arrangement, the roll of cable may instead be
mounted on the platform and an end of the cable may be
carried by the vehicle 10, with the cable being unrolled at the
vehicle 10 translates down the riser 2.

[0167] As mentioned previously, the vehicle 10 1s config-
ured to be modular so as to carry a different payload for
different operations. For example, the vehicle 10 may com-
prise one or more universal connections to which different
modules may be connected, the universal connections being
configured to support the weight of the module as well as
supplying power and control. In alternative arrangements,
the modules may be connected in other manners, such as
using separate connections for structural connections, con-
trol connections and power connections.

[0168] The vehicle 10 can carry one or several modules at
a time.
[0169] When carrying several modules, the vehicle 10 can

operate with one module active at a time, or several modules
active simultaneously. For example, one can imagine having
cleaning performed under camera inspection.

[0170] The vehicle 10 may carry several modules,
although all of them are not necessarily connected and
powered. For example, one may consider one active module
connection, to which the module to be operated can be
selected on the vehicle—the vehicle 10 functioning thus also
as a kind of “tool rack”- and connected, topside or under-
water using for example to an automatically tool swap
subsystem (not shown) installed on the vehicle 10.

[0171] In one mode of operation, the repair module 18
may be supplemented by or replaced instead by one or more
robotic arm modules 69, such as illustrated in FIG. 13.

[0172] The robotic arm module 69 comprises a mount 70
for attachment to the support structure 12 of the vehicle 10.
The robotic arm module 69 further comprises an articulated
arm 72 with a manmipulator 74 at the end. Such arms modules
68 are commonly used on remotely operated underwater
vehicles (ROVs) used 1n the prior art for maintenance of
risers 2.

[0173] In one embodiment, the manipulator 74 may be
configured to hold (or replaced with) a cleaning tool 76, 76",
as 1llustrated 1n FIGS. 14 and 15. The cleaning tool 1llus-
trated 1n FIG. 14 comprises a rotating brush. The illustrated
cleaning tool in FIG. 15 comprises a plurality of outwardly
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extending elastomeric cleaning elements that are rotatable
by a rotor so as to repeatedly impact against a surface of the
riser 2.

[0174] The manipulator 74 may further be modified to
include water nozzles 78, 80 to provide cleaning, in addition
to the cleaning tool 76, as shown in FIG. 15. The water
nozzles 78, 80 allow for improved cleaning of parts that are
too small or delicate to be cleaned using the cleaning tool 74
and/or spraying of the riser 2 above sea level to lubricate the
cleaning action of the cleaning tool 76.

[0175] Inapreferred mode of operation, the vehicle 10 can
be used to carry out a routine maintenance and inspection
process on a riser 2.

[0176] During a first process, the vehicle 10 1s loaded with
the cleaning module (such as the robotic arm module 69
including the cleaning tool 76) and passes along the length
of the riser 2 removing accumulated matter. The vehicle 10
then returns to the surface where the cleaning module 1s
detached.

[0177] During a second process, the vehicle 10 1s loaded
with an inspection module. Whilst such a module 1s not
described in detail herein, suitable inspection devices are
well-known 1n the technical field. The 1nspection module
should be capable of performing non-destructive testing
(NDT) of the riser 2 to determine where repairs are required.
The vehicle 10 then returns to the surface where the inspec-
tion module 1s detached.

[0178] During a third process, assuming such a repair site
1s 1dentified, the vehicle 10 1s loaded with the repair module
18. The vehicle translates along the riser 2 until 1t reaches the
repair site where the two segments of the housing 48 are
sealed around the riser 2 and a repair 1s carried out. Once the
repair 1s complete, the vehicle 10 will return to the surface
where the repair module 1s detached.

[0179] During the repair, should the repair module 18
detect that msutlicient sealing has been achieved by one or
both of the sealing arrangements 54 at its ends, then the
vehicle 18 will first attempt to move along the riser 2 in
either direction to achieve an improved seal. If, after a
predetermined number of attempts, insuflicient sealing can
be achieved to ensure a dry environment, one may decide to
return the vehicle 10 to the surface. One or more further
cleaning processes, such as described above, may then be
carried out to attempt to obtain a good seal, or an alternate
method of repair or replacement may be used. For example,
the sealing elements 58 can be replaced with elements
having improved sealing properties for a rough surface, such
as softer and thicker rubber. If no satisfactory sealing can be
achieved, a “wet” repair method can be selected.

[0180] The carrier vehicle 10 may be configured to engage
with a guest vehicle, for example an unmanned underwater
vehicle (UUV), such as a remotely operated underwater
vehicle (ROUV) or an autonomous underwater vehicle
(AUV). The guest vehicle may be a vehicle separate from
the ROV 82. The carnier vehicle 10 may, for example,
include connections to permit subsea supply or resupply of
the carrier vehicle 10 by the guest vehicle or of the guest
vehicle by the carrier vehicle 10. The supply or resupply
may be of power, fuel, operational materials or the like. The
connections may be provided as part of one of the modules
or elsewhere on the carrier vehicle 10.

[0181] The connector for the guest vehicle may comprise
one or more locking elements to avoid uncontrolled release
of the guest vehicle when engaged with the carrier vehicle
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10. The connector may comprise guide elements for guiding
the guest vehicle ito a correct position to be engage the
carrier vehicle, for example so as to engage the locking
clement(s).

[0182] The connector for the guest vehicle may include a
wet-mate subsea connector for supply of electrical power
with the guest vehicle when docked with the carrier vehicle
10 and/or for exchange of data between the guest vehicle and
the carrier vehicle 10. The connector for the guest vehicle
may use electrical communication (e.g. via copper contacts/
cables) or optical communication (e.g. via optical fiber
contacts/cables).

[0183] Whulst the embodiments described above describe
the vehicle 10 1n use on a riser 2, 1t will be appreciated that
the vehicle 10 may be used to carry a payload along any
clongate structure having a substantially uniform cross-
section. Other subsea examples include, for example, pipe-
lines or platform legs. In one example embodiment, the
vehicle 10 could be used on an underwater elongated body
associated with a wind turbine tower. In further embodi-
ments, the vehicle 10 may be used on elongate bodies above
water. In yet further examples, the device may be used
topside also, for example to climb pipes or scaflolding for
other maintenance purposes.

[0184] Furthermore, whilst the described riser 2 1s 1llus-
trated 1n a vertical orientation, 1t will be appreciated that the
vehicle 10 may be used in combination with elongate
structures having any orientation. For example, the vehicle
10 may be used on horizontal pipelines.

[0185] Whlst the support structure 12 illustrated in the
present embodiment comprises a single, elongate structural
member, 1t 1s still capable of following a riser 2 having a
small degree of curvature, as might be expected for a riser
2. For more complex structures, however, the support struc-
ture 12 may comprise an articulated member, having two or
more hinged sections. Optionally, each hinged section may
comprise a pair ol gripper arms operating in a similar
manner to the first and second gripper arms 14, 16 described
above. Indeed, in some embodiment, multiple pairs of
gripper arms 14, 16 may be employed even for a support
structure 12 comprising only a single rigid body.

[0186] In a further embodiment, whilst the first gripper
arm 14 1s 1llustrated as being a fixed, 1t may alternatively be
embodied as a shiding gripper arm, similar to the second
gripper arm 16.

[0187] In further embodiments, the system may be used
for the purpose of subsea debris survey and/or removal. For
example, the carrier vehicle 10 and/or the ROV 82 may use
an 1inspection module to inspect an area surrounding the riser
2. The carrier vehicle 10 or the ROV 82 may additionally or
alternatively use a manipulator module, such as the robotic
arm 69, to collect articles on or around the riser 2. The
carrier vehicle 10 may comprise a container for storing
collected matter. Thus, the system may be used to bring
collected material to a platform or other collection location.

[0188] In a further embodiment, the carrier vehicle 10 may
be used to provide a local communication hub between one
or more subsea units and a unit on the surface. For example,
the carrier vehicle 10 may be equipped with a communica-
tion module for communication with subsea units such as
the ROV 82 or other vehicles in the vicinity of the carrier
vehicle 10. The communication unit may use wireless com-
munication or wired communication. The carrier vehicle 10
may comprise a wired line connecting to the unit on the
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surface. For example, the wired line may run alongside an
umbilical such as those discussed above for supplying power
or fluids for use on the carrier vehicle 10. Alternatively,
wireless communication may be used as larger antennas and
amplifiers can be mounted to the carrier vehicle 10 than on
the ROV 82.

[0189] In a further embodiment, the vehicle 10 can com-
prise a memory umt for storing data collected subsea. For
example, the data may comprise underwater surveillance
data, which could for example be relayed by a subsea
vehicle such as the ROV 82 or could be collected by an
inspection module mounted

[0190] In yet further embodiments, the carrier vehicle 10
or the ROV 82 may be mounted with an offensive module
and/or defensive module. The carrier vehicle 10 may thus be
configured to engage 1n wartare, or to enhance the security
of a platform 1nstallation associated with the riser. It may 1n
such case be equipped with various underwater detection
SEeNnsors.

1. A carrier vehicle for carrying a secondary vehicle along
an elongate body, the carrier vehicle comprising;

a support structure configured to carry the secondary

vehicle; and

a translation mechanism connected to the support struc-

ture for causing the carrier vehicle to translate along the
clongate body,

wherein the secondary vehicle 1s capable of movement

independently of the carrier vehicle.

2. The carrier vehicle according to claim 1, wherein the
carrier vehicle 1s a crawler-type carrier vehicle.

3. The carrier vehicle according to claim 1, wherein the
carrier vehicle 1s configured to pass a protuberance on the
clongate body.

4. The carrier vehicle according to claim 1, wherein the
clongate body 1s a tubular body.

5. The carrier vehicle according to claim 1, wherein the
translation mechamism comprises at least two translation
members, each being configured to be disengageable from
the elongate body to pass a protuberance.

6. The carrier vehicle according to claim S, wherein the
translation mechanism 1s configured such that, when the
vehicle translates, at least one translation member 1s engaged
with the elongate body at all times.

7. The carrier vehicle according to claim 6, wherein the
vehicle 1s configured such that the at least one translation
member remains engaged with the elongate body when not
receiving power.

8. The carrier vehicle according to claim 5, wherein each
translation member further comprises a gripper configured
to grip the elongate body.

9. The carrier vehicle according to claim 1, wherein the
carrier vehicle 1s configured to carry at least one operational
module.

10. The carrier vehicle according to claim 9, wherein the
at least one operational module 1s configured to perform an
operation on the elongate body of at least one of a group
consisting of an mspection operation, a maintenance opera-
tion, a cleaning operation, and a repair operation.

11. (canceled)

12. The assembly comprising a carrier vehicle according
to claim 1 and a secondary vehicle carried by the carrier
vehicle.

13. The assembly according to claim 12, wherein the
secondary vehicle 1s arranged to operate as at least one of a



US 2019/0308705 Al

group consisting ol an unmanned vehicle, a remotely oper-
ated vehicle, and an autonomous vehicle.

14. The assembly according to claim 12, wherein the
secondary vehicle 1s equipped with at least one of a group
consisting of a sensor, a manipulator, a cleaning tool, and a
maintenance tool.

15. The assembly according to claim 12, wherein the
secondary vehicle comprises a battery and 1s configured to
recharge the battery when connected to the carrier vehicle.

16. A method of performing an operation on a remote
structure 1n the vicinity of an elongate body, the method
comprising:

carrying a secondary vehicle to a launch location along

the elongate body using a carrier vehicle that translates
along the elongate body;

releasing the secondary vehicle from the carrier vehicle,

such that the secondary vehicle 1s capable of movement
independently of the carrier vehicle; and

performing the operation on the remote structure using the

secondary vehicle.

17. The method according to claim 16, further compris-
ing, after performing the operation:
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mounting the secondary vehicle to the carrier vehicle; and

carrying the secondary vehicle to another location along

the elongate body using the carrier vehicle.

18. The method according to claim 16, wherein the
clongate body 1s a subsea tubular structure.

19. The method according to claim 18, wherein the
secondary vehicle 1s a subsea vehicle.

20. The method according to claim 19, wherein the
secondary vehicle 1s carried from a topside location to a
subsea launch location.

21. The method according to claim 16, wherein the
operation comprises at least one of a group consisting of an
inspection operation, a cleaning operation, a maintenance
operation, and a repair operation.

22. The carrier vehicle according to claim 4, wherein the
tubular body 1s a riser.

23. The method according to claim 18, wherein the subsea
tubular structure 1s a riser.

24. The method according to claim 19, wherein the subsea
vehicle 1s one of a remotely operated underwater vehicle or
an autonomous underwater vehicle.

x s e e s
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