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DESCRIPTION

FIELD

[0001] The present embodiments generally relate to a system for thruster withdrawal for maintenance or for vessel transit,
without the need of an external crane, a remote operated vehicle (ROV), or a diver.

BACKGROUND

[0002] A need exists for easily performing major maintenance on thrusters of deep draft vessels, such as drill ships, semi-
submersibles, floating production platforms (FPSO), and other vessels because the thrusters extend below the bottom of the hull
and are submerged in seawater at all times. Traditionally, maintenance has been performed by one of three ways.

[0003] Conventionally, for maintenance, the thrusters have been transported, attached to the vessel, to a dry dock, or to a
graving dock. At the dry dock or graving dock, the vessel with the thrusters is taken out of the water. Problems exist with this
conventional maintenance method and system because the vessel owners and operators lose vessel operating time as the vessel
is out of service, and the use of the graving dock or dry dock is expensive.

[0004] The present embodiments provide a lower cost solution to this conventional maintenance system and method.

[0005] It has also been known to use divers or remote operated vehicles (ROV) beneath the floating vessel, which can lead to
problems, in that the divers or the ROV's drop tools, are clumsy, and parts can be lost overboard. Special training is needed for
the divers and for ROV operators.

[0006] Document US 4075971 is considered as the closest prior art and discloses lifting means, at least one clamp, at least one
seal and a plurality of alignment guide plates.

[0007] The present embodiments no longer require the need for divers or ROV's to do underwater maintenance on thrusters.

[0008] The present embodiments reduce the risk of the occurrence of accidents that often occur when divers perform
underwater maintenance on thrusters by eliminating or reducing the need for the divers.

[0009] The present embodiments meet the need.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The detailed description will be better understood in conjunction with the accompanying drawings as follows:
Figure 1A is a view of equipment used for lifting a thruster at a first stage of operation with a user in the thruster well.

Figure 1B is a view of equipment used for lifting a thruster at a second state of operation with an electric motor hoisted out of the
thruster well.

Figure 1C shows an embodiment of a deployed spreader bar in the thruster well for use in lifting at least a portion of the thruster.
Figure 1D shows a slightly raised thruster hoisted using the spreader bar, and with the thruster well partially filled with water.
Figure 1E depicts the system with a bridge crane and sling used for removing the thruster.

Figures 2A-2B depict a detailed view of a clamp used to hold a thruster mounting flange to the thruster well bottom flange in two
positions.

Figure 3 is a top view of the thruster well with the clamps disposed around a portion of the thruster.

Figure 4 is a view of three thrusters, one in a thruster well, a second thruster suspended above the thruster well held by a hoist,
and a third thruster positioned on deck of a floating vessel for maintenance according to a step of an embodiment of the method.
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Figure 5 is a view of a thruster well with a reach rod.

Figures 6A-6B depict an embodiment of a method that can be implemented using the system.

[0011] The present embodiments are detailed below with reference to the listed Figures.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0012] Before explaining the present system in detall, it is to be understood that the system is not limited to the particular
embodiments and that it can be practiced or carried out in various ways.

[0013] The present embodiments relate to a system for providing lifting of thrusters from thruster wells while a vessel is floating,
such as at sea.

[0014] The system for lifting a thruster can use at least one lifting eye. The thruster can be a positioning thruster for a floating
vessel. The system can enable major maintenance to be safely provided on the thruster without docking the thruster or vessel,
without needing a heavy lift barge or heavy lift vessel, and without the need for divers or ROVs to perform the maintenance.

[0015] The system can include a lifting means, such as a bridge crane, a hoist, or a removable lifting means with a flexible lift
line. The flexible lift line can be a cable, a rope, or a chain, that can have on one end a connector, such as a hook or a shackle.

[0016] The lifting means can allow the connector, engaged to the flexible lift line, to extend into a thruster well, which can be a
hollow cylinder that surrounds a thruster.

[0017] The thruster well can be made from steel and can have a diameter that extends around a thruster without touching the
thruster. The thruster or portions of the thruster can have lifting eyes pre-installed on the thruster or on pieces of equipment
associated with the thruster. The thruster well can be cylindrical with a single thruster well wall or it can have another shape with a
plurality of thruster well walls. The thruster well can have a thruster well bottom flange.

[0018] The lifting means can connect to a moveable transport device, such as a moveable trolley capable of supporting and
moving several tons of equipment, such as by rolling. The lifting means and the moveable transport device can transport at least
a portion of the thruster, such as the electric motor or a connecting shaft.

[0019] A plurality of clamps can be disposed in the thruster well around the thruster. Each clamp can be made from an actuator
that can be a hydraulic cylinder, a pneumatic cylinder, a screw jack, or an electrical clamp. The actuator can be adapted to extend
and retract. Alinkage can connect to the actuator for engagement with one of a plurality of clevises. In embodiments, the clevises
can be plates, such as a clevis plate having a four sided polygon shape with a hole. One side of the polygon shaped clevis plate
can be secured to an inside surface of the thruster well wall. In one or more embodiments, the clevises can be disposed
approximately equidistantly around the inside surface of the thruster well. The clamps can secure a thruster mounting flange to
the thruster well bottom flange.

[0020] A conduit, such as a thru hull fitting, can be used to controllably allow water, such as sea water or ballast water, into the
thruster well. The water flow can be controlled by a controller that can be bidirectional or an inflow controller, such as an inflow
valve, a reach rod, or a remote actuatable controller. If an inflow controller is used, an additional outflow controller can also be
used. A pump, such as an electric pump, can be used to flow the water out of the thruster well once the maintenance is complete
on the thruster and the thruster has been reset into the thruster well. Fresh water from a water reservoir, such as ballast tanks,
can be used to supply water to the thruster well for the purpose of equalizing the water pressure in the thruster well with the water
pressure outside the floating vessel.

[0021] A first seal can be positioned adjacent the thruster mounting flange for providing a water tight connection when
compressed using the plurality of clamps. A second seal can be used that is concentric with the first seal and adjacent the
thruster mounting flange, thereby providing a water tight connection between the thruster well bottom flange and the thruster
mounting flange.

[0022] The system can include a plurality of alignment guide plates, each extending from the bottom of the thruster well to a
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thruster well wall top. Each of plurality of alignment guide plates can be disposed concentrically around the thruster in the thruster
well. With the alignment guide plates extending from the thruster well bottom flange to a thruster well wall top, such as a few feet
above the thruster, the alignment guide plates can provide for a rough alignment of the thruster to the thruster mounting flange.

[0023] The thruster can be mounted using a plurality of fasteners, which can be unbolted or unfastened to remove the thruster.
The fasteners, which can be bolts with nuts, can secure the thruster mounting flange to the thruster well bottom flange.

[0024] In one or more embodiments, the system can be used to lift at least one thruster from one thruster well for relocation on a
deck using the lifting means when the thruster well is flooded with water and the clamps have been released.

[0025] One or more embodiments can include a spreader bar with a spreader bar connector or a sling with a sling connector that
can be used to lift portions of the thruster that can be adversely affected by water, or to lift the entire thruster. The spreader bar
connector or the sling connector can each engage the connector of the lifting means and can also engage at least one lifting eye
of the thruster.

[0026] Index guides connected to the inside surface of the thruster well wall can be used to guide the thruster into a correct
installation position on the thruster well bottom flange. Each index guide can be a portion of a clevis. In one or more embodiments,
one of the alignment guides can be an index guide.

[0027] In one or more embodiments, if the actuator is a hydraulic cylinder, a rod can be used for engaging the linkage. The
actuator, which can be a hydraulic cylinder or a pneumatic cylinder, can use the rod for engaging the linkage.

[0028] In one or more embodiments, from about three to about one hundred alignment guide plates can be mounted in each
thruster well; from about three to about thirty clamps can be disposed in each thruster well; and from about three to about thirty
clevis plates can be installed in each thruster well.

[0029] Atop cover, such as a round plate, can be used to allow storage of removed thruster components over the thruster well
or of other components. A bottom cover can be used to cover an opening formed in the thruster well bottom flange when the
thruster is lifted from the thruster well.

[0030] In one or more embodiments, a manipulator can be connected to a power source for lifting the thruster and portions of the
thruster. The manipulator can also be used to rotate and turn the thruster. The manipulator can slidingly attach to at least one rail
that can be mounted to the inside surface of the thruster well wall. Two parallel rails can be affixed to the inside surface of the
thruster well wall and can extend from proximate the thruster well bottom flange to the thruster well wall top to move the
manipulator.

[0031] A hydraulic cylinder can be used as the actuator. A hydraulic power unit can be fluidly connected through a hydraulic feed
line to the hydraulic cylinder to provide power.

[0032] One or more embodiments can include alignment pins disposed concentrically in the thruster well bottom flange for
positioning of the thruster in a fine alignment thereto. The alignment pins can project through holes in the thruster mounting
flange providing a "micro" or fine alignment of the thruster to the thruster mounting flange. The micro or fine alignment can be an
alignment within less than a few millimeters, rather than within inches.

[0033] In embodiments, the system can include a pressure washer connected to the conduit for allowing wash down of at least a
portion of the thruster.

[0034] A power tool can be used, such as a hydraulic tool, a pneumatic tool, or an electric tool, to facilitate a quick install and
removal of the fasteners. For example, each fastener can be installed or removed in less than one minute.

[0035] The present embodiments relate to a system that enables the lifting of thrusters from a vessel hull while a vessel is
floating, such as at sea, for transit of the vessel or for repair of the thrusters away from shore, without needing an external crane,

remote operated vehicles, or divers.

[0036] One of the benefits of the system can be that the system provides significant safety protection compared to commercial
techniques for maintaining thrusters, such as diver dry suits and associated communication apparatus.

[0037] Another benefit of the system can be that no external crane such as a heavy lift crane is needed to maintain the thrusters,
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which can be dangerous when tendered along side a floating vessel in high seas, and can accidently drop the elements they are
hoisting into the sea or on people of either vessel. The system can include simple onboard cranes, such as bridge cranes, or
simple onboard monorails with connected moveable transport devices, to prevent the hazards associated with heavy lift cranes
from a tendered barge.

[0038] The system can be less expensive than known systems. The system can save a floating vessel owner a daily rate of
between $100,000 and 300,000 per day in 2010 US dollars, which is generally the cost of renting a heavy lift crane barge.

[0039] The system can provide additional safety features such as redundant sealing of each thruster in a thruster well to the hull.
The system can provide a level of increased safety, in that test ports can be used to verify that the seals around each thruster
are working. The system can include a plurality of super strong holding clamps to prevent mishaps that can occur in using just
one clamp. If one clamp fails, the others can hold. At least 20% more holding clamps can be used than are necessary to hold the
thruster mounting flange to the thruster well bottom flange.

[0040] The system can be faster to use than known systems in that the amount of time needed to implement the system can be
only a matter of hours rather than longer. Typical system can require three to five days, or even up to a week to be implemented
with the floating vessel at sea. Conventionally, a floating vessel with positioning thrusters needs to call for a heavy lift crane barge
to drive up to the floating vessel and be tendered next to the floating vessel. The present system does not require a wait time to
perform maintenance due to weather that prevents tendering. The system can be quicker than traditional underwater thruster
dismount techniques and can require no operator in water training. With use of the system, the thruster can be prevented from
falling through an opening into the sea, which can happen, for example, when cranes lift a thruster from its floating vessel, over
open ocean and onto a waiting barge, for transport to land for repair.

[0041] The system can require less overall maintenance personnel training on underwater removal systems, so no extra wetsuits
or dry suits are needed. This extra equipment can be an added expense, and typically includes custom fitted dry suits, regulators,
fins, gloves, and other diver communication equipment which can be expensive.

[0042] The system can be more environmentally friendly and safe than known systems, as it does not let a thruster be lost
overboard, where it can leak oil into the ocean when a heavy lift crane from a separate vessel is used.

[0043] The system can enable an operator of the floating vessel to be independent from outside assistance; even while one
hundred miles at sea, the operator can perform needed maintenance without additional assistance.

[0044] The thrusters can be configured for removal and re-installation while the floating vessel is at maintenance draft, which can
be ten meters lower than normal transit drafts. As such, the system can provide stability compared to removal at the shallower
transit drafts and can reduce the hoisting distance.

[0045] The lifing means can lift one or more portions of the thruster. The system can include a moveable transport device
connected to the liting means. The moveable transport device can be a rolling trolley which, in sequence, can pick up and
deposit portions of each thruster to a deck of the floating vessel, such as those portions of the thruster that can be adversely
affected by water, such as the electric motor and the connecting shaft for the thruster.

[0046] In operation, the thruster well bottom flange that can be clamped shut using the clamps. The clamps can be actuated to
compress at least one seal between the thruster mounting flange and the thruster well bottom flange. Once the seal is
compressed and the plurality of fasteners are removed, water can be flowed into the thruster well to a maintenance level which
can be below the thruster well wall top. In embodiments, the thruster well can be filled about 50% full in order to equalize pressure
around the thruster.

[0047] In one or more embodiments, once the thruster well is flooded with water, the thruster can be connected to the connector
of the lifting means and the thruster can be raised with the hoist or other lifting means from the thruster well.

[0048] For transit of the floating vessel, the lifting means can hold the thruster up and out of the water, and the opening in which
the thruster came through can be capped with a bottom cover. The thruster can be lifted and then lowered to a deck for transit,
for running, or for being towed. For maintenance of the thruster, once the thruster is lifted, the thruster can be lowered to the
deck, which can be adjacent to or in proximity with the thruster well. On the deck the thruster can be serviced and can be parts
replaced. The thruster, once serviced, can be lifted from the deck by the lifing means and then lowered into the thruster well. The
alignment guides, which can be attached to the inside surface of the thruster well wall, can be used to position the thruster in the
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thruster well in a proper position on the thruster well bottom flange. The thruster can be positioned off-center from a central axis
of the thruster well. The alignment pins can be used to provide fine alignment of the thruster onto the thruster mounting flange.
An index guide can also be used to provide fine alignment of the thruster in the thruster well and over the thruster well bottom
flange. Once aligned, the system can actuate the plurality of clamps and compress at least one seal, or two concentric seals, to
secure the thruster mounting flange against the thruster well bottom flange. After compressing the at least one seal, the system
can pump out the water in the thruster well. When the thruster well has been drained of water, a human can enter the thruster
well, or robot arms can extend into the thruster well, and the plurality of fasteners can be re-installed to hold the thruster mounting
flange to the thruster well bottom flange. Once the fasteners are installed, the plurality of clamps can be disengaged and left in an
open position. Each index guide can be connected to the inside surface of the thruster well wall to further fit or clock the thruster
into a correct orientation on the thruster well bottom flange.

[0049] In one or more embodiments, the alignment pins can be tapered.

[0050] In one or more embodiments, the more clamps can be installed in the thruster well than are needed. Each clamp can be
selected to easily sustain the load of two clamps in the event of failure of an adjacent clamp.

[0051] In one or more embodiments, clamp style nuts can be used to facilitate rapid fastening and un-fastening of the thruster to
the thruster well bottom flange and to minimize the time that humans have to be in the thruster well. A hydraulic power tool can be
used with the clamp style nuts for super fast removal and reinstall, such as in less than twenty seconds per nut. The hydraulic
power tool can be a hydraulic stud tensioner.

[0052] In one or more embodiments, the manipulator can clamp onto the thruster and support the thruster as the manipulator
moves from a bottom position to a thruster well wall top. The manipulator can be used along the inside surface of the thruster well
wall, such as on a pair of rails mounted to the thruster well wall. In one or more embodiments, the manipulator can be a hydraulic
carriage with load supporting hinged or pivotable clasping arms. In one or more embodiments, remote controlled robotic arms can
be installed on the manipulator to position the thruster for easy maintenance access. The robot arms can be controlled from a
wireless remote device connected to a network.

[0053] In one or more embodiments, the system can use as the actuator a hydraulic cylinder or pneumatic cylinder with a rod
that can slide in and out of the cylinder along a central axis, thereby powering the linkage to compress the seal and seal the
thruster mounting flange to the thruster mounting flange. In one or more embodiments the plurality of clamps can be
simultaneously engaging clamps.

[0054] In one or more embodiments can include a second lifting means in combination with the first lifing means, thereby
enabling both lifing means to rotate and to position the thruster for easy maintenance access. The second lifting means can be
removably installed on the floating vessel.

[0055] In one or more embodiments the thrusters can be positioning thrusters.

[0056] In one or more embodiments, the alignment guides can be used to position the thruster in the thruster well, and to
position the thruster at a location offset from and not in alignment with a central axis of the thruster well.

[0057] The system can include an at least partially clad thruster well bottom flange, such as with a cladding over steel, or another
corrosion resistant material disposed on the thruster well bottom flange. For example, the cladding can be 1/16 to 1/4 inch in
thickness. The cladding can be on a mating surface, that is, clad on the surface that mates with the thruster mounting flange. The
thruster mounting flange can be stainless steel, a stiff material, a corrosion resistant material, or combinations thereof. The
thruster mounting flange can have a thickness of from about 1/2 inch to about 6 inches. The thruster well bottom flange can be
clad on the surface that mates with the thruster mounting flange, which can also be clad.

[0058] At least one test port can be formed in the thruster mounting flange to provide a means for verifying that a water tight
connection exists between the thruster well bottom flange and the thruster mounting flange. Four test ports can be equidistantly
disposed around the thruster. The test port can test the first seal, or inner seal, regardless of the presence of multiple seals.

[0059] An example of how the system might operate is as follows: form a thruster well in the bottom of a floating vessel around an
opening in the bottom of the hull through which a thruster is mounted; optionally clad at least a portion of the thruster well bottom
flange; install a plurality of alignment guide plates on an inside surface of the thruster well; optionally, clad the thruster mounting
flange on the portions where it mates with the thruster well bottom flange; position at least one seal adjacent the thruster
mounting flange; install a plurality of fasteners to secure the thruster mounting flange to the thruster well bottom flange; form a
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plurality of clevises on an inside surface of the thruster well wall; use clamp style nuts to facilitate rapid fastening and unfastening
of the thruster to the thruster well bottom flange; fasten a plurality of clamps around the thruster and to clevises in the thruster
well; optionally, use a rod for engaging the linkage; maintain the clamps in an open position; use a lifting means to engage a
thruster or portion of a thruster; optionally, use a spreader bar to engage the thruster; lift portions of the thruster that may be
adversely affected by water; transport the lifted thruster or portions of the thruster while lifted to a deck for repair; actuate the
plurality of clamps to hold the thruster mounting flange against the thruster well bottom flange to compress the seal; remove the
fasteners while the clamps are actuated; remove humans, if any are in the thruster well; flood the thruster well with water;
disengage the plurality of clamps; lift the thruster with the lifting means when the thruster well is flooded with water; move the lifted
thruster while lifted to a deck; after maintenance, position the lifted thruster over the thruster well; lower the thruster into the
thruster well using the alignment guides; optionally, further guide the thruster onto the thruster mounting flange using at least one
index guide; actuate the plurality of clamps to compress the seal; use alignment pins to provide fine alignment of the thruster onto
the thruster mounting flange; pump the water from the thruster well, and allow humans or robots into the thruster well; reinstall the
fasteners on the thruster mounting flange to hold it to the thruster well bottom flange with the humans or robots; use at least one
test port to verify the water tight connection; if the seal is tight, disengage the clamps; optionally, use a manipulator to raise or
lower the thruster while the manipulator is connected to a power supply; optionally use robot arms to raise and lower the thruster;
optionally, use a second lifting means to position a thruster while holding the thruster with the first lifting means; place a top cover
on the thruster well to provide storage; place a bottom cover over the hole in the thruster well bottom during floating vessel transit
to keep water out of the vessel; use the clamps as connected to a power unit; optionally, use a pressure washer to wash down the
thruster; and optionally, use a power tool to install and remove the fasteners, such as in less than one minute and as short at five
seconds.

[0060] Turning now to the figures, Figure 1A depicts a first view of the system used in a first step of a sequence for lifting a
thruster 6 with a human 96 in the thruster well 18. The thruster 6 is shown proximate a vessel hull bottom 82, such as a hull
bottom of a floating vessel in the thruster well 18.

[0061] Alifting means 14 is shown disposed opposite the thruster 6, which can be an electric, hydraulic, or pneumatic hoist. Also
depicted are a lifting eye 7, an electric motor 25 of the thruster 6, a hydraulic power unit 78, a hydraulic feed line 80 in
communication with the hydraulic power unit 78, and a clamp 24a in communication with the hydraulic feed line 80. For example,
the clamp 24a can include a hydraulic cylinder in communication with the hydraulic feed line 80. Similarly, a clamp 24b is shown.
The clamps 24a and 24b are shown in actuated positions. The human 96 is shown with a power tool 92. In one or more
embodiments, the lifting eye 7 can be welded to the thruster 6 in an L-shaped configuration, with the lifing means 14 securing to
one side of the lifting eye 7 for lifting the thruster 6 or portions of the thruster 6.

[0062] Figure 1B depicts another view of the system showing a second step in the sequence for lifting a portion of the thruster 6
with the electric motor 25 that powers the thruster 6 hoisted out of the thruster well 18.

[0063] The lifting means 14 can be connected to a flexible lift line 16, which can be a cable. A connector 17, which can be a
hook, can be connected to the flexible lift line 16 opposite the lifting means 14. The connector 17 can also be connected to a sling
connector 58 which can be connected to a sling 56. The sling 56 can be connected to the electric motor 25 for lifting the electric
motor 25. Also depicted are the clamps 24a and 24b in non-actuated positions. During the stage of operation depicted, the
thruster well 18 can be devoid of water.

[0064] Figure 1C shows another embodiment of the system depicting a deployed spreader bar 52 with a plurality of flexible
members 53a and 53b in the thruster well 18. Each flexible member 53a and 53b can be a cable and can have a connection,
such as connections 55a and 55b, which can be shackles for engaging with the thruster 6 or with portions of the thruster 6 in the
thruster well 18. The spreader bar 52 can have a spreader bar connector 54 for engaging the connector 17 of the lifting means
14 and the flexible lift line 16. Also depicted are vessel hull bottom 82, and the clamps 24a and 24d in actuated positions.

[0065] Figure 1D depicts the thruster well 18 containing water 39. The clamps 24a and 24b are depicted in non-actuated
positions. The lifing means 14 with the flexible lift line 16 has slightly raised the thruster 6 from the thruster well 18 using the
spreader bar 52. By having the thruster well 18 at least partially filled with water 39, the pressure on the thruster 6 can be
equalized with the water pressure outside of the floating vessel. The thruster 6 can be raised and placed on a deck of the floating
vessel. The thruster 6 is depicted mounted off-center of a central axis 94 of the thruster well 18.

[0066] Figure 1E depicts the system with a bridge crane 57 and sling 56 that can be used for removing the thruster 6. Also
shown are the flexible lift line 16, the connector 17, the sling connector 58, the water 39, and the lifting eye 7 engaged with the
sling 56.
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[0067] Figures 2A and 2B depict a detailed view of a clamp 24 used to hold a thruster mounting flange 34 to a thruster well
bottom flange 20 near the vessel hull bottom 82. The clamp 24 is shown in a de-actuated position in Figure 2A, and in an
actuated position in Figure 2B.

[0068] The clamp 24 can include an actuator 26, which can be a hydraulic cylinder, a pneumatic cylinder, a screw jack, or an
electrical clamp. The actuator 26 can support a rod 28 that can slidingly engage the actuator 26. The rod 28 can connect to a
pivoting linkage 30, such as with a first pin 33a. The pivoting linkage 30 can connect to a first clevis 32a, which can be connected
to the thruster well wall 19. The first clevis 32a is shown having a polygon shape with a hole for supporting a second pin 33b,
which can be a clevis pin that engages the linkage 30, and allows the linkage 30 to rotate about the second pin 33b. The actuator
26 can be connected to the thruster well wall 19 at a second clevis 32b with a third pin 33c, which can be a clevis pin.

[0069] The actuator 26 can be a cylinder with a piston that moves toward the vessel hull bottom 82 causing the linkage 30 to
secure the thruster mounting flange 34 to the thruster well bottom flange 20.

[0070] Figure 3 is a top view of the thruster well 18 with the clamps, including clamp 24, disposed around a top portion of the
thruster 6.

[0071] The thruster well 18 can be disposed about the thruster 8. The thruster well 18 can have a thruster well wall 19 with a
thruster well wall top 45 and a thruster well bottom flange 20. The thruster well wall 19 can have an inside surface 31 to which can
be attached a plurality of alignment guide plates, such as alignment guide plate 44.

[0072] A thru hull fitting 48 can be used to allow sea water to enter through the vessel hull bottom to the thruster well 18.

[0073] The system can include a plurality of test ports, such as test port 89, which can be disposed in the thruster mounting
flange 34. Afirst seal 42 can be positioned adjacent the thruster mounting flange 34, and a second seal 43 can be concentrically
disposed around the first seal 42.

[0074] A plurality of alignment pins, such as alignment pin 86, can provide for a fine alignment of the thruster 6 in the thruster
mounting flange 34. The alignment pins can be cylinders of steel with diameters from about %z inch and 3 inches. In embodiments,
the alignment pins can be tapered on the end opposite the thruster mounting flange 34.

[0075] Fasteners, such as fastener 88, can bolt or fasten the thruster mounting flange 34 to the thruster well bottom flange 20.

[0076] Index guides, such as index guide 46, can fix rotation of the thruster 6. The index guides can be notches. The index guide
46 can be connected to the inside surface 31 of the thruster well wall 19.

[0077] Also shown is an in-flow controller 37 and an opening 64.

[0078] Figure 4 depicts three thrusters, thruster 6a, thruster 6b, and thruster 6c. Thruster 6a is disposed in a thruster well 18a.
The thruster 6b is suspended above the thruster wells 18a and 18b, and is held by the lifting means 14a. The thruster 6c is
shown on deck 51 of the floating vessel 21 and engaged with a second lifting means 14b. The deck 51 can be a machine deck of
the floating vessel 21.

[0079] The first lifting means 14a is shown connected to a moveable transport device 22 that can roll along a bridge crane 57.
The second lifting means 14b is also depicted connected to the bridge crane 57. The first lifting means 14a can have a flexible lift
line 16, a connector 17, a first lifting eye 7a, a first sling connector 58a, and a first sling 56a. The second lifting means 14b can
have a second lifting eye 7b, a second sling connector 58b, and a second sling 56b.

[0080] Afirst human 96a is shown at a controller 40 for operating a pump 38 connected to a conduit 36. The pump 38 can pump
water 39 from a water reservoir 41 through an in-flow valve 72 into the thruster wells 18a and 18b. An "in-flow" controller and an
"out-flow" controller can be used, or a bidirectional controller can be used to move the water 39. The pump 38 can be in
communication with a remote actuated controller 76 for remote control of the pump 38. Athru hull fitting 48 that can be opened or
closed, such as with a valve, to allow sea water to enter the thruster wells. The thru hull fitting 48 can be in fluid communication
with the pump 38. In operation, prior to allowing water 39 into the thruster wells, people can be evacuated from the thruster wells.
The people can remove the fasteners from the thruster mounting flange after actuating the plurality of clamps.

[0081] A top cover 60 is shown mounted above the thruster well 18a onto which equipment can be mounted for use in repair of
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other thrusters 6a-6c¢, such as a second electric motor 25b and a second connecting shaft 23b from the second thruster 6b.

[0082] In one or more embodiments, a remote control device or remote actuated controller can be used to remotely activate and
de-activate the clamps 24a-24d.

[0083] A pressure washer 90 can be used in the thruster wells to clean salt water off the thrusters.

[0084] Also depicted is a second human 96b, a first connecting shaft 23a, a central axis 94 of the thruster well 18b, a
maintenance draught 95, and an operating draught 97. The maintenance draught 95 can be a level at which water is kept during
maintenance of the thrusters, and the operating draught 97 can be a level at which water is kept during operations of the

thrusters.

[0085] Also depicted is a thruster mounting flange 34, a thruster well bottom flange 20, a vessel hull bottom 82, a bottom cover
62, and an alignment guide plate 44.

[0086] Figure 5 is a side view of a thruster well 18 with clamps 24a and 24b, and a thruster 6. Ahuman 96 is shown operating a
power source 70.

[0087] The thruster well 18 is shown with a manipulator 66 disposed on a rail 68 that enables the manipulator 66 to slide up and
down the rail, thereby raising and lowering the thruster 6. The manipulator 66 can have a robot arm 98 for engaging the thruster
6.

[0088] Also depicted are the moveable transport device 22, the lifting means 14, the flexible lift line 16, the connector 17, the
sling connector 58, the sling 56, the electric motor 25, the central axis 94, the water 39, the thruster well bottom flange 20, and
the vessel hull bottom 82.

[0089] Figures 6A-6B depict an embodiment of steps of the method.

[0090] Figure 6A shows that the method can include forming a thruster well, as illustrated by box 100.

[0091] The method can include cladding at least a portion of the thruster well bottom flange, as illustrated by box 102.

[0092] The method can include installing a plurality of alignment guide plates, as illustrated by box 104.

[0093] The method can include cladding the thruster mounting flange, as illustrated by box 106.

[0094] The method can include positioning at least one seal adjacent the thruster mounting flange, as illustrated by box 108.

[0095] The method can include installing a plurality of fasteners to secure the thruster mounting flange to the thruster well
bottom flange, as illustrated by box 110.

[0096] The method can include forming a plurality of clevises on an inside surface of the thruster well wall, as illustrated by box
112.

[0097] The method can include using clamp style nuts to facilitate rapid fastening and unfastening of the thruster to the thruster
well bottom flange, as illustrated by box 114.

[0098] The method can include fastening a plurality of clamps around the thruster and to clevises in the thruster well, as
illustrated by box 116.

[0099] The method can include using a rod for engaging the linkage, as illustrated by box 118.
[0100] The method can include maintaining the clamps in an open position, as illustrated by box 120.
[0101] The method can include using a lifting means to engage a thruster or portion of a thruster, as illustrated by box 122.

[0102] The method can include using a spreader bar to engage the thruster, as illustrated by box 124.
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[0103] The method can include lifting portions of the thruster that may be adversely affected by water, as illustrated by box 126.

[0104] The method can include transporting the lifted thruster or portions of the thruster while lifted to a deck for repair, as
illustrated by box 128.

[0105] The method can include actuating a plurality of clamps to hold the thruster mounting flange against the thruster well
bottom flange to compress the seal, as illustrated by box 130.

[0106] The method can include removing a plurality of fasteners while the clamps are actuated, as illustrated by box 132.
[0107] The method can include removing humans from the thruster well, as illustrated by box 134.

[0108] The method can include flooding the thruster well with water, as illustrated by box 136.

[0109] The method can include disengaging the plurality of clamps, as illustrated by box 138.

[0110] Figure 6B is a continuation of Figure 6A.

[0111] The method can include lifting the thruster with the lifting means when the thruster well is flooded with water, as illustrated
by box 140.

[0112] The method can include transporting the lifted thruster, as illustrated by box 142.

[0113] The method can include positioning the lifted thruster over the thruster well, as illustrated by box 144.

[0114] The method can include lowering the thruster into the thruster well using the alignment guides, as illustrated by box 146.
[0115] The method can include guiding the thruster using at least one index guide, as illustrated by box 148.

[0116] The method can include actuating the plurality of clamps to compress the seal, as illustrated by box 150.

[0117] The method can include using alignment pins to provide fine alignment of the thruster onto its mount, as illustrated by box
152.

[0118] The method can include pumping the water from the thruster well, as illustrated by box 154.

[0119] The method can include reinstalling the fasteners on the thruster mounting flange to hold it to the thruster well bottom
flange, as illustrated by box 156.

[0120] The method can include using at least one test port to verify the water tight connection, as illustrated by box 157.
[0121] The method can include disengaging the clamps, as illustrated by box 158.

[0122] The method can include using a manipulator to raise or lower the thruster, as illustrated by box 160.

[0123] The method can include connecting the manipulator to power, as illustrated by box 162.

[0124] The method can include using robot arms to raise and lower the thruster, as illustrated by box 164.

[0125] The method can include using a second lifting means to position a thruster while holding the thruster with the first lifting
means, as illustrated by box 166.

[0126] The method can include placing a top cover over the thruster well, as illustrated by box 168.
[0127] The method can include placing a bottom cover over the hole in the thruster well bottom, as illustrated by box 170.

[0128] The method can include using the clamps as connected to a power unit, as illustrated by box 172.
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[0129] The method can include using a pressure washer to wash down the thruster, as illustrated by box 174.
[0130] The method can include using a power tool to install and remove the fasteners, as illustrated by box 176.

[0131] While these embodiments have been described with emphasis on the embodiments, it should be understood that within
the scope of the appended claims, the embodiments might be practiced other than as specifically described herein.
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Patentkrav

1. System til at Igfte propellere pa flydende fartgjer og som muligggr
vedligeholdelse at blive ydet sikkert p& propellerne, hvilket system omfatter:

10

15

20

25

a. et lgfteorgan (14) med en fleksibel Igftewire (16) og en konnektor (17)
til indfgring i en propellerbrgnd (18) dannet af en propellerbrgndveaeg (19)
og en propellerbrgndbundflange (20) pé et flydende fartgj (21) til at g& i
indgreb med et Igftegje (7) pa en propeller (6) eller til at ga i indgreb med
del af propelleren (6);

b. flytbar transportindretning (22) forbundet til Igfteorganet (14) til
transport af propelleren (6) eller delen af propelleren (6);

c. en flerhed af fastggrelser (24) til fastggrelse af en
propellermonteringsflange (34) til propellerbrgndbundflangen (20), hvor
hver fastggrelse (24) omfatter: en aktuator (26) tilpasset til udstraekke og
tilbagetraekke og en kobling (30) forbundet til aktuatoren (26) til indgreb
med en af en flerhed af U-formede plader (32), og hvor hver U-formede
plade (32) er fastgjort til en indvendig flade af propellerbrgndvasggen (19);

d. et rgr (36) til kontrolleret at tillade vand (39) at stramme ind i
propellerbrgnden (18);

e. en controller (40) til abning og lukning af rgret (36) for at tillade vandet
(39) at streamme ind eller ud af propellerbrgnden (18);

f. en pumpe (38) til at pumpe vandet (39) ud af propellerbrgnden (18);

g. mindst en taetning (42) teet ved propellermonteringsflangen (34) for at
tilvejebringe en vandtaet forbindelse mellem propellerbrgndbundflangerne

(20) og propellermonteringsflangerne (34);

h. en flerhed af ledeplader (44) anbragt koncentrisk rundt om propelleren i
propellerbrgnden (18) og straekkende sig fra naermest
propellerbrgndbundflangen (20) til en propellerbrgndvaegtop (45) af
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propellerbrgndvaeggen (19) til en grov opretning af propelleren (6) til
propellermonteringsflangen (34); og

i. en flerhed af fastggrelsesorganer (88) til fastggrelse af
propellermonteringsflangen (34) til propellerbrgndbundflangen (20).

2. Systemet ifglge krav 1 yderligere omfattende en afstandsbom (52) med en
afstandsbomkobling (54), hvor afstandsbomkoblingen (54) gar i indgreb med
b&de koblingen (17) og mindst et Igftegje (7) af propelleren (6).

3. Systemet ifglge krav 1 yderligere omfattende mindst en indeksleder (46)
forbundet til den indre overflade af propellerbrgndvasggen (19) til at fore
propelleren (6) i en korrekt installationsposition pa propellerbrgndbundflangen
(20).

4. Systemet ifglge krav 1 hvor mindst en af flerheden af ledeplader (44) er
yderligere en indeksleder (46).

5. Systemet ifglge krav 1 yderligere omfattende en stang (28) til indgreb med
koblingen (30), hvor aktuatoren (26) er en hydraulisk cylinder eller en
pneumatisk cylinder.

6. Systemet ifglge krav 1 yderligere omfattende fra tre til et hundrede ledeplader
(44) i propellerbrgnden (18).

7. Systemet ifglge krav 1 yderligere omfattende fra tre til tredive fastggrelser
(24).

8. Systemet ifglge krav 1 yderligere omfattende fra tre til tredive U-formede

plader (32) installeret propellerbrgnden (18).

9. Systemet ifglge krav 1 yderligere omfattende et topdaeksel (60) til at tillade
lagring af fjernede propellerkomponenter over propellerbrgnden (18).
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10. Systemet ifglge krav 1 yderligere omfattende et bunddaeksel (62) til at deekke
en &bning dannet i propellerbrgndbundflangen (20) ndr motoren (6) er Igftet fra
propellerbrgnden (18).

11. Systemet ifglge krav 1 yderligere omfattende en manipulator (66) forbundet
til en energikilde til at Igfte og dreje propelleren (6), hvor manipulatoren (66)
glidende tilkobles til mindst et spor, og hvor mindst en skinne er fastgjort til den
indre overflade af propellerbrgndvaeggen (19) og straekker sig fra naermest
propellerbrgndbundflangen (20) til propellerbrgndvaaggens top (45).

12. Systemet ifglge krav 1 hvor aktuatoren (26) omfatter en hydraulisk cylinder,
0g hvor systemet yderligere omfatter: et hydraulisk kraftenhed (78) fluidt
forbundet gennem en hydraulisk tilledning (80) til den hydrauliske cylinder til at
drive den hydrauliske cylinder.

13. Systemet ifglge krav 1 yderligere omfattende et vandreservoir (41) til at
tilfgre vandet til propellerbrgnden (18) for at udligne vandtrykket i
propellerbrgnden (18) med vandtrykket uden for det flydende fartgj (21).

14. Systemet ifglge krav 1 yderligere omfattende mindst en opretningstap (86)
anbragt koncentrisk i propellerbrgndbundflangen (20) til opretning af propelleren
(6), hvor hver opretningstap (86) rager ud gennem huller i propellermonterings-
flangen (34) til en finopretning af propelleren (6) til propellermonteringsflangen
(34).

15. Systemet ifglge krav 1 yderligere omfattende en hgjtryksrenser (90)
forbundet til et rgr til at tillade renggring af mindst en del af propelleren (6).

16. Systemet ifglge krav 1 yderligere omfattende et motoriseret vaerktgj (92) til
hurtigt at installere og fjerne fastggrelseselementerne.

17. System til at Igfte propellerne pa flydende fartgj og som muligggr

vedligeholdelse at blive sikkert ydet p& propellerne, hvilket system omfatter:
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a. et lgfteorgan (14) med en Igftewire (16) og en konnektor (17) til
indfgring i propellerbrgnde (18) pa et flydende fartgj (21) til at indgribe
med lgftegjer (7) af propellerne (6) eller til at indgribe med lgftegjer (7) af

dele af propellerne (6);

b. en transportindretning (22) forbundet til Igfteorganet (14) til transport af

propellerne (6) eller dele af propellerne (6);

C. mindst et fastggrelsesorgan (24) til fastggrelse af
propellermonteringsflanger (34) til propellerbundflanger (20), hvor hver
fastggrelsesorgan (24) omfatter: en aktuator (26) tilpasset til udstraekke
og tilbagetraskke og en kobling (30) forbundet til aktuatoren (26) for at g
i indgreb med mindst en U-formet plade (32) fastgjort til den indre
overflade af propellerbrgndveeggene (19);

d. et rgr (36) til kontrolleret at tillade vand (39) at stremme ind i
propellerbrgndene (18);

e. en controller (40) til 8bning og lukning af rgret (36) til at tillade vandet
(39) at stremme ind eller ud af propellerbrgndene (18);

f. en pumpe (38) til at pumpe vandet (39) ud af propellerbrgndene (18);

g. mindst en taetning (42) taet ved propellermonteringsflangerne (34) for at
tilvejebringe en taet forbindelse mellem propellerbundflangerne (20) og

propellermonteringsflangerne (34);

h. en flerhed af ledeplader (44) anbragt koncentrisk rundt om propellerne i
propellerbrgndene (18) og straekker sig fra naermest
propellerbundflangerne (20) til en propellerbrgndvaegstop (45) af
propellerbrgndvaeggene (19) til en grov opretning af propellerne (6) til

propellermonteringsflangerne (34); og

i. mindst et fastggrelsesorgan (88) til fastggrelse af

propellermonteringsflangerne (34) til propellerbundflangerne (20).



DK/EP 2610160 T3
DRAWINGS

FIGURE 1A FIGURE 1B
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FIGURE 6A
L FORMING A THRUSTER WELL T }er00
[ CLABGING AT LEAST A PORTION OF T}iE THRUSTER WELL BOTTOM FLANGE 102
T INSTALLING A PLURALITY OFL ALIGNMENT GUIDE PLATES 104
l CLADDING THE runus;fn WOUNTING FLANGE 108
|

POSITIONING AT LEAST ONE SEAL ADJACENT THE THRUSTER MOUNTING FLANGE 108

]
INSTALLING A PLURALITY OF FASTENERS T0 SECURE THE THRUSTER MOUNTING t’” 0
__FLANGE TO THE THRUSTER WELL BOTTOM FLANGE
[

FORMING A PLURALITY OF CLEVISES ON AN INSIDE SURFAGE OF THE THRUSTER
WELL WALL

L 112

THE THRUSTER T0 THE THRUSTER WELL BOTTOM FLANGE
[
FASTENING A PLUHALITY OF CLAMPS AROUND THE THRUSTER AND TO CLEVISES IN

116
_ THE mnusnsn WELL
) USING A RGD FOR ENGAGING THE LINKAGE ) "'}»4 18
I MAINTAINING THE CLAMPS IN AN OPEN PUSITIDN j-120

C l - o
[ USING A LIFTING MEANS T0 ENGAGE A THRUSTER OR PORTION OF A THRUSTER 122
: ]
| USING A SPREADER BAR T0 ENGAGE THE THRUSTER 124
I R
{LIFTING PORTIONS OF THE THRUSTER THAT MAY BE ADVERSELY AFFECTED BY WATER |- 126

- : | .
i TRANSPORTING THE LIFTED THRUSTER OR PORTIONS OF THE THRUSTER WHILE | 128
LIFTED 70 A DECK FOR REPAIR B

! : v
1 ACTUATING A PLURALITY OF CLAMPS TO HOLD THE THRUSTER MOUNTING FLANGE | 449
I AGAINST THE THRUSTER WELL BOTTOM FLANGE TO COMPRESS THE SEAL

I
[ REMOVING A PLURALITY GF FASTENERS WHILE THE CLAMPS ARE ACTUATED 11132
: .
|

REMOVING HUWANS FROM THE THRUSTERWELL 134
L "FLOODING THE THRUSTER WELL WITH WATER |+136
' | -
DISENGAGING THE PLURALITY OF CLAWPS L8
68

1
I o
USING CLAMP STYLE NUTS TO FACILITATE RAPID FASTENING AND UNFASTENING OF F” 4
[
L
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(" LIFTING THE THRUSTER WITH THE LIFTING WEANS WHEN THE THRUSTER WELLTS |, 149
__FLOODED WITH WATER f

L

\ TRANSPORTING Th’l‘ LIFTED THRUSTER IJ 42
| POSITIONING THE LIFTED mnusrfn OVER THE THRUSTER WELL |14
[LOWERING THE THRUSTER INTO THE THRUES‘TEH WELL USING THE ALIGNMENT GUIDES |- 146
GUIDING THE THRUSTER usmrs AT LEAST ONE INDEX GUIDE 1148
[ ACTUATING THE PLURALITY OF CLAMPS TO COMPRESS THE SEAL 1150
ITS MOUNT
T

o __PUMPING THE WATER FHDM THE THRUSTER WELL

USING ALIGNMENT PINS TO PROVIDE FINE ALIGNMIENT OF THE THRUSTER ONTO }[ 152
1
I
|

HEINSTALI.ING THE FASTENERS ON THE THRUSTER MOUNTING FLANGE TO HOLDIT | 455
TO THE THRUSTER WELL BOTTOM FLANGE ‘

{ .
[ USING AT LEAST ONE TEST PORT TO VERIFY THE WATER TIGHT CONNECTION . }-157
|

f DISENGAGING THE CLANPS 158
P ‘ USING A MANIPULATOR TO RAJISE OR LOWER THE THRUSTER L 160
L  CONNECTING THE TiANIPULATOR 70 POWER 1162
I USING ROBOT ARMS 10 nA:s}smva LOWER THE THRUSTER L 164

i USING A SECOND LIFTING MEANS TO PUSITION A THRUSTER WHILE HOLDING THE | 455
THRUSTER WITH THE FIRST LIFTING MEANS

PLACING A TOP COVER OI'/ER THE THRUSTER WELL 168

PLACING A BOTTOM COVER OVER THE fIlOLE IN THE THRUSTER WELL BOTTOM 170

‘ USING THE CLAMPS AS L‘ONINECTED T0 A POWER UNIT _jare

[ USING A PRESSURE WASHER ro WASH DOWN THE THRUSTER e

l USING A POWER TOOL T0 lNSTALrL AND REWIOVE THE FASTENERS 176
FIGURE 6B
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