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(57) Sammendrag:
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between a disconnected position and an engaged position.
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Charging cable handling mechanism, vessel and system and method

Eield

The technology relates to the field of offshore vessel charging systems, specifically
focusing on the handling, and mating of charging cables between vessels and offshore
charging installations. This technology aims to improve the speed, efficiency, safety,
durability, and reliability of charging processes for vessels operating in offshore
environments, such as marine vessels generally, vessels supporting offshore wind

farms, and in other offshore installations.

Background

The present invention relates generally to the field of marine vessel charging systems,
and more specifically to the handling and connection of heavy electrical cables used
for charging vessels from offshore installations, such as mooring buoys or fixed

structures.

In recent years, there has been a growing interest in the development of electrically
powered vessels, particularly for use in the maritime industry. These vessels require
charging systems that can efficiently and safely transfer electrical power from an
offshore installation to the vessel's electrical system. One common approach to
charging such vessels involves the use of heavy electrical cables that are connected
to the vessel's electrical system while the vessel is moored or on dynamic positioning

at an offshore installation.

However, the handling and connection of these heavy electrical cables present several
challenges and risks. The weight and rigidity of the cables make them difficult and
dangerous for the crew to manually handle on the vessel's deck. This can lead to
potential injuries and accidents, as well as damage to the vessel and its components
due to excessive tension on the cable or wear and damage of the cable from coming

in contact with the vessel's surfaces, should an unplanned event or incident occur.
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Moreover, the process of connecting and disconnecting the electrical cable to the
vessel's electrical system can be inefficient and time-consuming, further increasing the
risk of accidents and injuries during manual handling. Additionally, improper
connection or disconnection can result in excessive tension on the cable, causing

damage to the vessel and its components.

Some prior art solutions have attempted to address these challenges by providing
adaptive tension compensating systems and docking mechanisms for the cable as
shown in EP4151514 and WO02023/161637. However, these solutions often do not
adequately address misalignment and incorrect orientation of the cable connector
during the connection process, which can be dangerous for the crew especially if they
try to manually adjust the position of the cable connector. Furthermore, these solutions
may require the vessel to be positioned in a way that is unsuitable for some vessels
and offshore installations, and the cable connector can move with respect to the vessel

during the connection process, increasing the risk of accidents and injuries.

“Electric ferries are technological masterpieces”, published on 12 June 2018 at

https://www.youtube.com/watch?v=dgg pohK-g8, is a video showing a battery-

operated ferry being connected to a high voltage electric power supply by a robot.
‘MJR Power & Automation Offshore Wind On-Turbine Vessel Charging System”,
published on 6 April 2022 at https://www.youtube.com/watch?v=3PMSioCF7Zk, is a

video showing an offshore charging concept in which a vessel pulls alongside an

offshore wind turbine. A charging cable descends from the offshore wind turbine and
is collected by a funnel onboard the vessel, within which funnel the charging cable
mechanically and electrically connects to a connector of the vessel. Thereafter, an
electric current passes through the charging cable to charge a battery onboard the

vessel.

There is a need for an improved vessel charging system that can safely and efficiently
handle and connect heavy electrical cables to the vessel's electrical system, while
minimising the risks associated with manual handling, cable tension, and connector
orientation. This is relevant for environments in the open sea which are exposed to

waves and wind.
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Summary

According to a first aspect of the disclosure, a vessel is provided that includes a vessel
electrical circuit, a vessel connector electrically connected to the vessel electrical
circuit, and a cable handling mechanism mounted on the vessel. The cable handling
mechanism comprises a cable securing mechanism configured to secure a charging
cable having a cable connector with respect to the vessel. The charging cable is
electrically connected to an offshore charging installation. The cable handling
mechanism also includes a cable mating mechanism configured to move the vessel
connector with respect to the cable connector between a disconnected position and an
engaged position. This configuration allows for the cable connector to interface with a
vessel in an efficient, safe, and secure connection of the vessel to an offshore charging
installation, facilitating the transfer of power from the offshore installation to the vessel.
This means that the crew do not have to manually intervene with connecting the cable
connector to the vessel connector. Accordingly, the cable and cable connector can be
handled remotely which is less strenuous and reduces the risk of electrical hazards.
The vessel further comprises a cable tension detection system to monitor one of the

tension and the length of the charging cable.

Optionally in some examples, the cable mating mechanism is configured to move the
vessel connector in a plane parallel with the vessel deck. This feature simplifies the
connection process by allowing the vessel connector to move in a plane parallel with
the vessel deck, reducing the risk of misalignment between the cable connector and

vessel connector during mating.

Optionally in some examples, the vessel further comprises a cable guide arrangement
configured to orientate the vessel connector with respect to the cable connector. This
feature further ensures proper alignment between the vessel connector and the cable
connector, minimising the chances of damaging and stressing the cable and its

components during connection.
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Optionally in some examples, the cable mating mechanism is configured to actively
align the vessel connector and the cable connector by movement of one of the vessel
connector and the cable connector with respect to the other of the vessel connector
and the cable connector. In some examples, the vessel connector is configured to
rotate with respect to the cable connector in order to rotationally align the vessel

connector and the cable connector before they are connected together.

Optionally in some examples, the cable securing mechanism comprises a gripping
mechanism moveable between open and closed positions. This feature enables
secure cable handling and easy release when needed, reducing the need for manual
handling of the heavy charging cable. In some other examples the cable securing

mechanism comprises a restraining mechanism such as a collar or a locking dog.

Optionally in some examples, the vessel further comprises a locking mechanism
configured to mechanically lock the gripping mechanism in the closed position. The
locking mechanism comprises a locking lever moveable between a locked position and
arelease position. This feature prevents accidental opening of the gripping mechanism
when the vessel connector is energised and connected to the cable connector,

providing an additional layer of safety.

Optionally in some examples, the cable tension detection system has a tension sensor
configured to detect the tension in the charging cable. This feature prevents damage
to the vessel and components by triggering emergency release if the tension in the

charging cable exceeds a safe threshold.

Optionally in some examples, the vessel further comprises a vessel controller
configured to control the cable handling mechanism. This feature allows for centralised
control and monitoring of the cable handling mechanism, enhancing the efficiency and

safety of the connection process.

Optionally in some examples, the vessel controller is configured to control the cable

securing mechanism and the cable mating mechanism. This feature allows for precise
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control over the connection process, ensuring a secure and efficient connection

between the vessel and the offshore charging installation.

Optionally in some examples, the vessel controller is configured to receive a signal
from the tension sensor and trigger an emergency release event in response to the
detected tension exceeding a safe tension threshold. This feature provides an
automatic safety mechanism that can quickly respond to potentially dangerous

situations, enhancing the overall safety of the system.

Optionally in some examples, the vessel further comprises a hydraulic control system,
an electric control system, or a pneumatic control system connected to the cable
handling mechanism. This feature allows for precise and efficient control of the cable
handling mechanism, enhancing the overall performance and reliability of the system.
In some other examples, the hydraulic system can be replaced with alternative options
such as an electric control system, a pneumatic control system or any other suitable
control system for operating and moving the components of the cable handling system.
For example, pneumatic actuators, mechanical actuators, electric actuators, or any

other suitable actuator can be used as an alternative.

Optionally in some examples, the cable handling mechanism further comprises a cable
guide arrangement configured to guide and direct the charging cable into the correct
position and orientation for connection. This feature simplifies the connection process
by guiding the cable into the correct position on the vessel deck, making it easier for

the crew to handle and manipulate the cable during the connection process.

Optionally in some examples, the cable guide comprises a funnel narrowing towards
the vessel connector. This feature further simplifies the connection process by guiding
the cable into the correct position on the vessel deck, reducing the risk of misalignment

between the cable connector and vessel connector during mating.

Optionally in some examples, the cable guide comprises a guiding slot configured to
engage with a self-aligning keyway projecting from the cable connector. This feature

ensures proper alignment between the vessel connector and the cable connector,
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minimising the chances of damaging and stressing the cable and its components

during connection.

According to a second aspect of the disclosure, a system is provided that includes a
vessel as described above, an offshore charging installation having an offshore
charging circuit which is electrically connected to the charging cable and a power
source. This system allows charging of the vessel from e.g. an offshore power source
such as a wind turbine generator, facilitating the use of renewable energy sources in

maritime applications.

Optionally in some examples, the system further comprises a mooring line configured

to tether the vessel to the offshore charging installation.

Optionally in some examples, the offshore charging installation is floating. This feature
allows for flexible positioning of the offshore charging installation, making it suitable for
use in a variety of offshore environments. In some examples, when the offshore
charging installation is a floating offshore charging installation, the offshore charging
installation comprises a mooring buoy which is anchored to the seabed. This means
existing offshore structures can be utilised for retrofitting the offshore charging

installation.

Optionally in some examples, the offshore charging installation is fixed with respect to
the seabed. In some examples, the offshore charging installation can be mounted on
the transition piece of an offshore wind turbine or mounted on a monopile foundation

embedded in the seabed.

According to a third aspect of the disclosure, a cable handling mechanism for a vessel
is provided. The cable handling mechanism includes a cable securing mechanism
configured to secure a charging cable having a cable connector with respect to the
vessel. The charging cable is electrically connected to an offshore charging installation.
The cable handling mechanism also includes a cable mating mechanism configured to
move a vessel connector electrically connected to a vessel electrical circuit with

respect to the cable connector between a disconnected position and an engaged
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position. This configuration allows for efficient and secure connection of the vessel to
an offshore charging installation, facilitating the transfer of power from the offshore
installation to the vessel. The cable handling mechanism can be retrofitted onto
existing vessels, if required. As mentioned above, this means that the crew do not
have to manually intervene with connecting the cable connector to the vessel
connector. Accordingly, the cable and cable connector can be handled remotely which
is less strenuous and reduces the risk of electrical hazards. The cable handling
mechanism further comprises a cable tension detection system to monitor one of the

tension and the length of the charging cable.

According to a fourth aspect of the disclosure, a method of handling and disconnecting
a charging cable on a vessel is provided. The method includes the steps of monitoring
tension in the charging cable, determining tension of the charging cable above a
tension threshold, triggering an emergency event based on detected tension,
deenergising the charging cable, disengaging a cable securing mechanism, and
disconnecting the charging cable. This method provides a safe and efficient way to
disconnect the charging cable from the vessel, ensuring the safety of the vessel and
its crew. Optionally, the messenger line is also disengaged, if still connected between

the vessel and the offshore charging installation.

Brief Description of the Drawings

Examples are described in more detail below with reference to the appended drawings.
Figure 1 is a partial side view of an offshore charging installation with a charging cable
according to some examples;

Figure 2 is a side view of messenger line between an offshore charging installation
and a vessel according to some examples;

Figure 3 is a side view of messenger line and charging cable between an offshore
charging installation and a vessel according to some examples;

Figure 4 is a side view of charging cable between an offshore charging installation and
a vessel according to some examples;

Figure 5 is a side view of a cable handling mechanism on a vessel when the cable

connector is disconnected from a vessel connector according to some examples;
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Figure 6 is a side view of a cable handling mechanism on a vessel when the cable
connector is secured with respect to a vessel connector according to some examples;
Figure 7 is a side view of a cable handling mechanism on a vessel when the cable
connector is connected to a vessel connector according to some examples;

Figure 8 is a flowchart illustrating the method of handling and energising a charging
cable on a vessel:

Figure 9 is a flowchart illustrating the method of monitoring the tension in a charging
cable and deenergising and disconnecting a charging cable on a vessel; and

Figure 10 is a schematic representation of a system including a vessel and an offshore

charging installation.

Detailed Description

The detailed description set forth below provides information and examples of the
disclosed technology with sufficient detail to enable those skilled in the art to practise

the disclosure.

Figure 1 shows a partial side view of an offshore charging installation 102 with a
charging cable 104 according to some examples. The offshore charging installation
102 is connected to a power source 118 (best shown in Figure 10) and an offshore
installation charging circuit 122 (also best shown in Figure 10). The charging cable 104
is electrically connected to the offshore charging installation 102 and has a cable

connector 106 at its end.

Turning back to Figure 1, in some examples, the offshore charging installation 102 is
a structure or platform located offshore that is used to provide power to the vessel 100.
The offshore charging installation 102 includes various components and systems that
enable it to perform its intended functions, including a charging circuit controller 124,
an offshore communication module 126, a power source 118, and other components

as schematically shown in Figure 10.

The offshore charging installation 102 and the charging cable 104 together with a

vessel 100 provides a vessel charging system. The vessel 100 is equipped with a cable
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handling mechanism 114 and a vessel electrical circuit 110 and the vessel 100 will be
discussed in more detail below. The charging cable 104, which is electrically connected
to the offshore charging installation 102, features a cable connector 106. The cable
connector 106 is designed to electrically connect to the vessel connector 108 of a
vessel electrical circuit 110 of the vessel 100, thereby enabling the transfer of power

from the offshore charging installation 102 to the vessel 100.

In some examples, the charging cable 104 is not configured to moor the vessel 100 to
the offshore charging installation 102. In this example, the vessel 100 may be moored
to the offshore charging installation 102 via a mooring line (not shown) or the vessel

100 may be kept in position with a dynamic positioning system.

In the Figures e.g. Figure 1, the offshore charging installation 102 is an “hang-off’
charging arrangement mounted to a fixed offshore installation. That is, the offshore
charging installation 102 is fixed with respect to the seabed (not shown). This may in
some examples be an offshore substation electrically connected to an offshore wind
turbine generator or an offshore wind farm. Alternatively, the offshore charging
installation 102 may be mounted on other suitable fixed offshore installations. For
example, the offshore charging installation 102 can be the transition piece (not shown)
of a wind turbine generator. Indeed, the offshore charging installation 102 can be any
fixed offshore installation. In some other alternative examples, the offshore charging
installation 102 is a floating buoy (not shown). In this case, the vessel 100 can tether
to the offshore charging installation 102 e.g. the floating buoy via a mooring buoy and

also connect via the charging cable 104.

The offshore charging installation 102 will now be discussed in more detail with respect
to Figure 1 and Figure 10. Figure 10 is a schematic representation of a vessel charging

system including a vessel 100 and an offshore charging installation 102.

In one configuration, the charging circuit controller 124 is a control unit responsible for
controlling and monitoring the charging process between the offshore charging
installation 102 and the vessel 100. The charging circuit controller 124 is configured to

selectively energise the charging cable 104 in response to signals received from the
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vessel controller 112. The charging circuit controller 124 is also configured to send
signals to an offshore installation charging circuit 122 to control the flow of electricity

through the charging cable 104.

In some implementations, the offshore charging installation 102 includes an offshore
communication module 126. The offshore communication module 126 is configured to
communicate with the vessel communication module 132 of the vessel 100. The
offshore communication module 126 may include various types of communication
devices, such as a Wi-Fi module, a cellular module (e.g., GSM, LTE), a satellite
communication module, or other types of communication devices. The offshore
communication module 126 allows the charging circuit controller 124 to communicate
with the vessel controller 112, enabling coordinated control of the charging process.
In some other examples, the offshore communication module 126 is additionally or
alternatively configured to communicate with the vessel communication module 132 of
the vessel 100 via an alternative wired connection e.g. by a separate hard wired data
connection between the vessel 100 and the offshore charging installation 102. For
example, the charging cable 104 may comprise a pilot line, an optical fibre, powerline
communications configured to transmit data signals between the vessel 100 and the
offshore charging installation 102. In some examples, the data connection is
embedded in the charging cable 104, but in this case, the vessel 100 may need multiple
methods of data communication in order that the vessel 100 may communicate with

the offshore charging installation 102 when the charging cable 104 is not connected.

The offshore charging installation 102 as shown in the Figures is connected to a power
source 118. The power source 118 provides electrical power to the offshore charging
installation 102, which is then transferred to the vessel 100 via the charging cable 104.
The power source 118 can be any suitable source of electrical power, such as an
offshore wind turbine, an offshore substation, a subsea electrical cable, an offshore
power grid connection, or other types of power sources. The power source 118 is
electrically connected to the offshore installation charging circuit 122 and the charging
cable 104, allowing power to be transferred from the power source 118 to the vessel

100 during the charging process.
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In some configurations as mentioned above, the offshore charging installation 102
optionally includes a mooring line (not shown). The mooring line is configured to tether
the vessel 100 to the offshore charging installation 102, helping to maintain the position
of the vessel 100 relative to the offshore charging installation 102 during the charging
process. The mooring line can be made of any suitable material, such as steel,
synthetic fibres, or other types of materials, and can be of any suitable length and
diameter to accommodate the size and weight of the vessel 100 and the environmental
conditions at the offshore location. In some alternative configurations, the vessel 100
may not be moored to the offshore charging installation 102 and instead, the vessel
100 maintains its position with respect to the offshore charging installation 102 using

a dynamic positioning system.

The offshore installation charging circuit 122 is electrically connected to the charging
cable 104 and is configured to selectively energise the charging cable 104 in response
to signals received from the charging circuit controller 124. The offshore installation
charging circuit 122 includes various components, such as switches, circuit breakers,
transformers, HVAC systems, detectors, sensor, cameras, and any other components

that control the flow of electricity through the charging cable 104.

As shown in Figure 1, the offshore charging installation 102 includes a messenger line
182. The messenger line 182 is connected to the charging cable 104 and is used to
facilitate the transfer of the charging cable 104 between the offshore charging
installation 102 and the vessel 100. The messenger line 182 is lighter and easier to
handle than the charging cable 104, making it easier for the crew of the vessel 100 to

winch in the charging cable 104 onto the vessel deck 172.

In one configuration, the messenger line 182 is connected to a messenger line buoy
184. The messenger line buoy 184 is a floatation device that keeps the end of the
messenger line 182 afloat in the water, making it easier for the crew of the vessel 100
to pick up the messenger line 182. The messenger line buoy 184 can be made of any
suitable material, such as plastic, foam, or other types of floatation materials, and can
be of any suitable size and shape to keep the end of the messenger line 182 afloat in

the water.
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In some implementations and as shown in Figure 1, the offshore charging installation
102 includes a cable chute 186. The cable chute 186 is mounted on the offshore
charging installation 102 and is configured to guide the charging cable 104 as it is
reeled out from the offshore charging installation 102. The cable chute 186 helps to
prevent overbending of the charging cable 104, which can cause damage to the

charging cable 104 and reduce its lifespan.

In one example as shown in Figures 1 to 4, the offshore charging installation 102
optionally includes a transfer crane 188. The transfer crane 188 is mounted on the
offshore charging installation 102 and is configured to transfer the messenger line 182
to the vessel 100. The transfer crane 188 includes a telescopic boom that can extend
and retract to reach the vessel 100. The operation of the transfer crane 188 can be
remotely controlled via the vessel controller 112, allowing the crew of the vessel 100
to control the transfer of the messenger line 182 from the offshore charging installation
102 to the vessel 100.

In some configurations, the transfer crane 188 optionally includes a telescopic boom.
The telescopic boom is a multi-section arm that can extend and retract to reach the
vessel 100. In some other implementations, the transfer crane 188 comprises a fixed
boom which is not telescopic. The telescopic boom is controlled by a hydraulic or
electric actuator, which is controlled by the vessel controller 112 and / or the charging
circuit controller 124. In other examples, the transfer crane 188 can be controlled
manually by the crew on the vessel 100 or on the offshore charging installation 102.
The telescopic boom allows the transfer crane 188 to reach the vessel 100 even when

the vessel 100 is at a distance from the offshore charging installation 102.

Whilst the transfer of the messenger line 182 in Figures 1 to 4 is shown with a transfer
crane 188, other equipment or methods can be used to transfer the messenger line
182 from the offshore charging installation 102 to the vessel 100. For example, the
messenger line 182 can be thrown from the offshore charging installation 102 to the

vessel 100. Alternatively, messenger line buoy 184 can be retrieved from the water
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by crew on the vessel 100. Indeed, any suitable method, or equipment can be used

to transfer the messenger line 182 to the vessel 100.

In one implementation, the offshore charging installation 102 includes a charging cable
reel 192. The charging cable reel 192 is a carousel or winch that is used to reel in or
reel out the charging cable 104. The charging cable reel 192 is mounted on the offshore
charging installation 102 and is connected to the charging circuit controller 124. The
operation of the charging cable reel 192 is controlled by the charging circuit controller
124, allowing the charging cable 104 to be reeled in or reeled out in a controlled

manner during the charging process.

In some examples, the charging cable 104 is a high-voltage cable that is used to
transfer electrical power from the offshore charging installation 102 to the vessel 100.
The charging cable 104 includes a cable connector 106 at one end, which is designed
to connect to the vessel connector 108 on the vessel 100. The charging cable 104 is
electrically connected to the offshore installation charging circuit 122 and the power
source 118, allowing power to be transferred from the offshore charging installation
102 to the vessel 100 during the charging process. In some examples, the charging
cable 104 is not configured to withstand the force of the vessel 100 moving away from
the offshore charging installation 102. In this case, either the vessel 100 uses a
dynamic positioning system or a mooring line. However, in some examples,
alternatively, the charging cable 104 can be a combined charging cable 104 and
mooring line and perform the function of a charging cable 104 and a mooring line.
Furthermore, in some other examples, the vessel 100 may be directly moored to the
offshore charging installation 102. For example, the vessel 100 may be roped up to
bollards and there is no free lining on a long hawser rope between the vessel 100 and

the offshore charging installation 102.

In one configuration, the cable connector 106 is part of the charging cable 104 and is

designed to electrically and mechanically connect to the vessel connector 108.

In some implementations, the cable connector 106 includes a cable connector end cap

166. The cable connector end cap 166 is a protective cover that is designed to mount
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on the end of the cable connector 106 and cover the cable connector 106 when not in
use. The cable connector end cap 166 is removable, allowing it to be removed before
the cable connector 106 engages the vessel connector 108 during the connection
process. The cable connector end cap 166 may optionally be water tight to prevent
the cable connector 106 from getting wet when submerged by accident or as part of

the connection process of the charging cable 104 to the vessel 100.

In one example, the cable connector 106 includes a self-aligning keyway 168. The self-
aligning keyway 168 is a feature that projects from the surface of the cable connector
106 and extends along the surface of the cable connector 106. The self-aligning
keyway 168 is designed to align and engage with a reciprocal guiding slot 162 on the
vessel 100 as the cable connector 106 is winched on board the vessel 100. This feature
simplifies the connection process and reduces the risk of misalignment between the

cable connector 106 and the vessel connector 108.

Reference will now be made to Figures 2 to 4 to describe how the charging cable 104

is transferred between the offshore charging installation 102 and the vessel 100.

Figure 2 shows a side view of a messenger line 182 between an offshore charging
installation 102 and a vessel 100 according to some examples. The messenger line
182 is optionally connected to a messenger line buoy 184 and is used to facilitate the
transfer of the charging cable 104 between the offshore charging installation 102 and

the vessel 100. In some examples, the messenger line buoy 184 is not used.

Figure 3 shows a side view of a messenger line 182 and charging cable 104 between
an offshore charging installation 102 and a vessel 100 according to some examples.
The charging cable 104 is connected to the messenger line 182 and is being winched

onto the vessel deck 172 using a cable winch 190 mounted on the vessel 100.

Figure 4 shows a side view of a charging cable 104 between an offshore charging
installation 102 and a vessel 100 according to some examples. The charging cable
104 is shown connected to the vessel 100 via a vessel connector 108, which is

electrically connected to a vessel electrical circuit 110.
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The vessel 100 as shown in Figures 1 to 4 includes various components and systems
that enable it to perform its intended functions, including a vessel controller 112, a user
interface 130, a vessel communication module 132, and other components, which are

best shown in Figure 10.

In one configuration, the vessel controller 112 is a central control unit responsible for
controlling and monitoring various operations and systems of the vessel 100. The
vessel controller 112 is configured to control and coordinate the connection and
charging process between the vessel 100 and the offshore charging installation 102.
The vessel controller 112 is also responsible for controlling the cable handling
mechanism 114, which includes the cable securing mechanism 136 and the connector

mating mechanism 134.

The vessel controller 112 is further configured to receive signals from various sensors
and systems of the vessel 100, such as the tension sensor 150 (best shown in Figure
10) and the hydraulic control system 116 (again best shown in Figure 10), and to

respond accordingly based on the received signals.

In some examples, the vessel controller 112 includes a user interface 130 (best shown
in Figure 10) that allows a user to interact with and control the vessel controller 112.
The user interface 130 may include various input and output devices that facilitate user

interaction with the vessel controller 112.

In one implementation, the user interface 130 includes a display screen that provides
visual feedback to the user. The display screen may display various types of
information related to the operation of the vessel 100, such as the status of the
charging process, the tension in the charging cable 104, the position of the vessel 100

relative to the offshore charging installation 102, and other relevant information.

In some configurations, the user interface 130 includes control buttons that allow the
user to input commands to the vessel controller 112. The control buttons may be

physical buttons, touch-sensitive buttons, or other types of input devices. The control
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buttons may be used to start or stop the charging process, to control the movement of
the vessel connector 108, to trigger an emergency release event, or to perform other

functions.

In one example, the user interface 130 includes status indicators that provide visual
indications of the status of various systems and operations of the vessel 100. The
status indicators may include lights, symbols, text, or other visual elements that
indicate the status of the charging process, the tension in the charging cable 104, the
connection status of the vessel connector 108 and the cable connector 106, and other

statuses.

In some implementations, the user interface 130 includes an alarm system that alerts
the user to certain conditions or events. The alarm system may generate audible,
visual, or other types of alarms in response to certain conditions or events, such as
when the tension in the charging cable 104 exceeds a safe level, when an emergency
release event has been triggered, or when other conditions or events occur. For
example, the user interface 130 can show the yellow warning message or the red
warning message as described when the tension in the charging cable 104
respectively exceeds safe tension threshold and a dangerous tension threshold. The

method of warning and disconnection is described in more detail below.

In one configuration, the vessel 100 includes a vessel communication module 132
(best shown in Figure 10) that enables the vessel 100 to communicate with the offshore
charging installation 102 or other external systems. As mentioned above, the vessel
communication module 132 uses wireless communication technology to communicate
with the offshore charging installation 102. However, the vessel communication
module 132 can additionally or alternatively communicate via a wired connection such
as an optical fibre. The vessel communication module 132 may include various types
of communication devices, such as a Wi-Fi module, a cellular module (e.g., GSM,
LTE), a satellite communication module, or other types of communication devices. The
vessel communication module 132 is configured to communicate with the offshore
communication module 126 of the offshore charging installation 102, allowing the

vessel controller 112 to control and coordinate the charging process with the offshore
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charging installation 102. The vessel 100 includes a vessel electrical circuit 110 as
shown in Figure 10. The vessel electrical circuit 110 is electrically connected to one or
more electrical components of the vessel 100, including the vessel controller 112, the
user interface 130, the vessel communication module 132, and other components. The
vessel electrical circuit 110 provides power to these components and enables them to

perform their intended functions.

In one example, the vessel electrical circuit 110 includes a switchboard 128 as shown
in Figure 10. The switchboard 128 can include one or more electrical circuits that
distribute power to various components of the vessel 100. The switchboard 128 can
also include various switches, circuit breakers, and other components that control the

flow of electricity through the vessel electrical circuit 110.

In reference to Figures 5 to 7, the vessel 100 will now be discussed in more detail. In
particular, he vessel 100 includes a vessel connector 108. The vessel connector 108
is an electrical socket or electrical plug that is configured to electrically and
mechanically connect to the cable connector 106 of the charging cable 104. The vessel
connector 108 is electrically connected to the vessel electrical circuit 110, allowing
power to be transferred from the charging cable 104 to the vessel 100 during the
charging process. The vessel connector 108 is also moveable with respect to the
vessel deck 172, allowing it to move towards the cable connector 106 during the
connection process. Movement of the vessel connector 108 will be discussed in more

detail below.

Although not shown in the Figures, in some examples the cable handling mechanism
134 is configured to actively orientate the vessel connector 108 and the cable
connector 106. This means that the vessel connector 108 or the cable connector 106
are actively moved and positioned by the cable handling mechanism 134 into the
correct position before connection between the vessel connector 108 and the cable
connector 106. In some examples, the cable handling mechanism 134 is configured
to rotate the vessel connector 108 with respect to the cable connector 106 to
rotationally orientate the vessel connector 108 thereto. In some examples, the vessel

connector 108 is rotatable about a centre point of the vessel connector 108 which is
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aligned with a longitudinal axis of the vessel connector 108. \When the vessel
connector 108 is connected to the cable connector 106, the centre point of the vessel
connector 108 is aligned with the longitudinal axis of the cable connector 106 and the

charging cable 104.

In some examples, the cable handling mechanism 134 comprises a vessel connector
rotation mechanism (not shown). The vessel connector alignment mechanism
comprises a servo and gearbox operatively coupled to a rotatable vessel connector
108. Any suitable mechanism can be used to rotate the vessel connector 108 such as
a hydraulic actuator connected to the hydraulic control system 116. Alternatively,
pneumatic actuators, mechanical actuators, electric actuators, or any other suitable
actuator can be used as an alternative to rotate the vessel connector 108. The vessel
connector 108 may be electrically coupled to a slip ring (not shown) so that the vessel
connector 108 can fully rotate about the centre point of the vessel connector 108.
Alternatively, the vessel connector 108 does not need to fully rotate and may only
partially rotate about the centre point of the vessel connector 108. In this case, the
vessel connector 108 is connected to flexible electrical connections which permit some

relative rotation of the vessel connector 108.

In some examples, the vessel controller 112 is configured to send a control signal to
the vessel connector alignment mechanism in order to actively align the vessel
connector 108 and the cable connector 106. In some examples, the vessel connector
alignment mechanism comprises a cable orientation sensor (not shown). The cable
orientation sensor is configured to determine a reference position of the cable
connector 106. For example, the cable orientation sensor is an optical sensor, a
mechanical switch or a hall effect sensor configured to detect a reference feature (not
shown) in the cable connector 106. The reference feature may be a notch, projecting
rib, optical indicator, mark, or otherwise located at a predetermined position, such as
the 12 o'clock position on the cable connector 106. The cable orientation sensor is
then configured to send a signal to the vessel controller 112 and the vessel controller
112 is configured to determine the relative position of the vessel connector 108 with

respect to the cable connector 106. The vessel controller 112 then issues a control
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signal to the vessel connector alignment mechanism to rotate the vessel connector

108 to rotate the vessel connector 108 with respect to the cable connector 106.

Additionally, or alternatively, the vessel connector alignment mechanism is configured
to align the vessel connector 108 in other directions. For example, the vessel
connector alignment mechanism is configured to move the vessel connector 108 with
respect to the cable connector 106 in a plane perpendicular to the longitudinal axis of
the vessel connector 108. For example, this can be in a lateral direction across the
vessel deck 172 in a direction into the page as shown in Figures 5 to 7 or in a vertical
direction adjusting the height of the vessel connector 108 above the vessel deck 172.
Linear actuators (e.g. hydraulic, pneumatic, electric etc) can be controlled by the vessel
controller 112 in order to move the vessel connector 108 into the correct position with

respect to the cable connector 106.

In one configuration, the vessel 100 includes a hatch 170 which may be sealable with
a hatch door (not shown). The hatch 170 is configured to receive the charging cable
104 as it is winched onto the vessel deck 172. The hatch 170 provides easy access to
the vessel deck 172 and reduces bending of the charging cable 104, helping to prevent
damage to the charging cable 104 during the winching process. The hatch 170 is
particularly useful when the charging cable 104 is being winched onto the vessel deck

172 under tension.

In some examples, the vessel 100 includes a hydraulic control system 116. The
hydraulic control system 116 is connected to various hydraulic actuators of the vessel
100, including the locking arm hydraulic actuator 194, the gripping mechanism
hydraulic actuator 146, and the mating mechanism hydraulic actuator 138. The
hydraulic control system 116 is configured to selectively actuate one or more of these
hydraulic actuators in response to signals received from the vessel controller 112. This
allows the hydraulic control system 116 to control the movement of various
components of the vessel 100, such as the locking arm 176, the moveable gripping

jaws 144 and the vessel connector 108.
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Whilst the arrangements discussed in reference to the Figures describe a hydraulic
control system 116 and hydraulic actuators, other suitable control mechanisms can be
used instead. For example, the pneumatic actuators, mechanical actuators, electric

actuators, or any other suitable actuator can be used as an alternative.

The vessel 100 as shown in e.g. Figures 2 to 7, the vessel 100 includes a vessel deck
172. The vessel deck 172 is aflat surface on the vessel 100 where various components
and systems of the vessel 100 are mounted. The vessel deck 172 may refer to a top
deck, but can alternatively refer to any other deck of the vessel 100 e.g. a lower or
intermediate decks of the vessel 100. The cable handling mechanism 114, for
example, is optionally mounted on the vessel deck 172. The vessel deck 172 provides
a stable platform for the operation of these components and systems, and also
provides a surface for the charging cable 104 to be winched onto during the connection
process. However, in other examples the cable handling mechanism 114 can be
located in other suitable parts of the vessel 100 e.g. the stern of the vessel, the back
deck of the vessel 100, mid-ships of the vessel 100 or any other suitable position.
When the cable handling mechanism 114 has secures the charging cable 104 which
is ready for charging the vessel 110, the charging cable 104 can be secured to the
vessel 100 the bow, stern or any other position on the vessel 100 depending on the

location of the cable handling mechanism 114.

In some implementations, the vessel 100 includes a cable winch 190. The cable winch
190 is mounted on the vessel deck 172 and is configured to winch in the charging cable
104 and the messenger line 182 onto the vessel deck 172. The cable winch 190
includes a winch drum and a winch motor, which work together to wind in or let out the
charging cable 104 and the messenger line 182. The operation of the cable winch 190
is controlled by the vessel controller 112, which sends signals to the winch motor to
control the rotation of the winch drum. As shown in the Figures, the cable winch 190
is located at the bow of the vessel 100. However, in other examples the cable winch
190 can be located in other suitable parts of the vessel 100 e.g. the stern of the vessel,
the back deck of the vessel 100, mid-ships of the vessel 100 or any other suitable

position. When the charging cable 104 is recovered on to the vessel 100, the charging
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cable 104 can be drawn on to the bow, stern or any other position on the vessel

depending on the location of the cable winch 190.

As mentioned above, the vessel controller 112 is configured to control the cable
handling mechanism 114, which includes the cable securing mechanism 136 and the
connector mating mechanism 134. The cable handling mechanism 114 will now be

discussed in more detail with reference to Figures 5to 7.

Figure 5 shows a side view of a cable handling mechanism 114 on a vessel 100 when
the cable connector 106 is disconnected from a vessel connector 108 according to
some examples. The cable handling mechanism 114 includes a cable securing
mechanism 136 and a connector mating mechanism 134. The cable securing
mechanism 136 is configured to secure the charging cable 104 with respect to the
vessel deck 172, while the connector mating mechanism 134 is configured to move
the vessel connector 108 with respect to the cable connector 106 between a
disconnected position and an engaged position. When the charging cable 104 has
been secured by the cable securing mechanism 136, a portion of the charging cable
104 and the cable connector 106 are fixed with respect to a portion of the vessel 100.
For example, this is the vessel deck 172 in some examples shown in the Figures. The
cable securing mechanism 136 is configured to secure the cable connector 106 and /
or the charging cable 104. This means in some examples the cable securing
mechanism 136 may directly engage the surface of the charging cable 104.
Alternatively, or additionally, the cable securing mechanism 136 may directly engage

the surface of the cable connector 106.

In one implementation, the cable securing mechanism 136 is part of the cable handling
mechanism 114 and is configured to secure the charging cable 104 with respect to the
vessel deck 172. The cable securing mechanism 136 includes a gripping mechanism
140 and a locking mechanism 142, which work together to securely grip and lock the

charging cable 104 in place during the charging process.

In some examples, the gripping mechanism 140 is part of the cable securing

mechanism 136 and is moveable between open and closed positions. The gripping
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mechanism 140 includes moveable gripping jaws 144, which are configured to grip the
charging cable 104 when in the closed position and release the charging cable 104

when in the open position.

The movement of the moveable gripping jaws 144 is controlled by a gripping
mechanism hydraulic actuator 146, which is connected to a hydraulic control system
116. The moveable gripping jaws 144 are designed to securely grip the charging cable
104 when in the closed position, ensuring a secure and stable connection during the
charging process. The operation of the gripping mechanism hydraulic actuator 146 is
controlled by the hydraulic control system 116, which receives signals from the vessel

controller 112 to control the movement of the moveable gripping jaws 144.

The moveable gripping jaws 144 are configured to be arranged either side of the
charging cable 104 when the charging cable 104 has been winched onto the vessel
deck 172. Whilst Figures 5 to 7 describe a pair of gripping jaws 144 to selectively grip
or release the charging cable 104, any other suitable gripping mechanism 140 can be
used. For example, a clamping mechanism, or any other arrangement can be used.
In some other examples the cable securing mechanism 136 alternatively comprises a
restraining mechanism such as a collar or a locking dog for securing the charging cable
104.

In some configurations, the locking mechanism 142 is part of the cable securing
mechanism 136 and is configured to mechanically lock the gripping mechanism 140 in
the closed position. The locking mechanism 142 includes a shear pin 174 and a locking

arm 176, which are controlled by a locking arm hydraulic actuator 194.

In one example, the shear pin 174 is part of the locking mechanism 142 and is
designed to shear or break when the tension in the charging cable 104 exceeds a
certain threshold force corresponding to a tension in the charging cable 104 which
exceeds a dangerous tension threshold. This allows the gripping mechanism 140 to
move to the open position, releasing the charging cable 104 and preventing damage
to the vessel 100 and its components, in the case that the emergency release

procedure described below is not initiated.
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The locking arm 176 is moveable between a locked position and a release position. In
the locked position, the locking arm 176 prevents the gripping mechanism 140 from
moving between the open and closed positions. In the release position, the locking arm
176 allows the gripping mechanism 140 to move between the open and closed

positions.

In one configuration, the locking arm hydraulic actuator 194 is connected to the locking
arm 176 and is configured to move the locking arm 176 between the locked and
released positions. The locking arm hydraulic actuator 194 is connected to the
hydraulic control system 116, which controls the operation of the locking arm hydraulic

actuator 194 based on signals received from the vessel controller 112.

In some examples, the cable handling mechanism 114 includes a cable guide
arrangement 158 that is configured to guide and direct the charging cable 104 into the
correct position and orientation for connection. The cable guide arrangement 158
optionally includes a funnel 160 with a wide mouth portion and a narrow end portion,
which work together to guide the charging cable 104 onto the vessel deck 172 and

towards the vessel connector 108.

In some configurations, the wide mouth portion of the funnel 160 is adjacent to the
hatch 170 on the vessel deck 172. The wide mouth portion is designed to receive the
charging cable 104 as it is winched onto the vessel deck 172, guiding the charging

cable 104 towards the narrow end portion of the funnel 160.

In one example, the narrow end portion of the funnel 160 is adjacent to the vessel
connector 108. The narrow end portion is designed to guide the cable connector 106
into the correct position on the vessel deck 172 for connection with the vessel
connector 108. The narrow end portion of the funnel 160 helps to ensure that the cable
connector 106 is correctly aligned with the vessel connector 108 during the connection

process.
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In some implementations, the cable guide arrangement 158 includes a guiding slot
162. The guiding slot 162 is configured to engage with a self-aligning keyway 168 on
the cable connector 106. This engagement helps to align the orientation of the cable
connector 106 as it is winched on board the vessel 100. When the self-aligning keyway
168 is engaged with the guiding slot 162, the cable connector 106 is in the correct
rotational orientation with respect to the vessel connector 108. This feature simplifies
the connection process and reduces the risk of misalignment between the cable

connector 106 and the vessel connector 108.

In one configuration, the cable guide arrangement 158 includes a bend stiffener 164.
The bend stiffener 164 is configured to limit the bend radius of the charging cable 104
as it is winched on board the vessel 100. This feature helps to prevent damage to the
charging cable 104 due to excessive bending. The bend stiffener 164 is particularly
useful when the charging cable 104 is being winched onto the vessel deck 172 under

tension.

Figure 6 shows a side view of a cable handling mechanism 114 on a vessel 100 when
the cable connector 106 is secured with respect to a vessel connector 108 according
to some examples. Since Figure 6 is a side view of the cable handling mechanism 114,
only one of the gripping jaws 144 is shown. However, the gripping jaws 144 are
positioned either side of the charging cable 104. The gripping jaws 144 are urged
towards each other in order to exert a force on the charging cable 104 and prevent the
charging cable 104 from moving with respect to the vessel 100. The cable securing
mechanism 136 is shown gripping the charging cable 104, while the connector mating
mechanism 134 is in a position to move the vessel connector 108 towards the cable

connector 106.

In one example, the connector mating mechanism 134 is part of the cable handling
mechanism 114 and is configured to move the vessel connector 108 with respect to
the cable connector 106 between a disconnected position and an engaged position.
The connector mating mechanism 134 includes a mating mechanism hydraulic
actuator 138 and a moveable plate 180, which work together to move the vessel

connector 108 towards the cable connector 106 during the connection process. The
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connector mating mechanism 134 is configured to move the vessel connector 108
towards the secured cable connector 106 e.g. after the charging cable 104 has been

secured by the cable securing mechanism 136.

In some implementations, the mating mechanism hydraulic actuator 138 is part of the
connector mating mechanism 134 and is connected to the moveable plate 180. The
mating mechanism hydraulic actuator 138 is configured to move the moveable plate
180, and hence the vessel connector 108, towards the cable connector 106 when the
charging cable 104 is secured. The operation of the mating mechanism hydraulic
actuator 138 is controlled by the hydraulic control system 116, which receives signals

from the vessel controller 112 to control the movement of the vessel connector 108.

In one configuration, the moveable plate 180 is part of the connector mating
mechanism 134 and is connected to the vessel connector 108. The moveable plate
180 is configured to move in a plane parallel with the vessel deck 172, allowing the
vessel connector 108 to move towards the cable connector 106 during the connection
process. The movement of the moveable plate 180 is controlled by the mating
mechanism hydraulic actuator 138, which is connected to the hydraulic control system

116. The moveable plate 180 slides with respect to the vessel deck 172.

Figure 7 shows a side view of a cable handling mechanism 114 on a vessel 100 when
the cable connector 106 is connected to a vessel connector 108 according to some
examples. The vessel connector 108 is shown in an engaged position with the cable
connector 106, establishing an electrical connection between the vessel electrical

circuit 110 and the charging cable 104.

By moving the vessel connector 108 towards the secured charging cable 104, the
process of connecting the vessel connector 108 and the cable connector 106 is simpler
and safer. This is because the heavy charging cable 104 does not have to be moved

during the connection of the vessel connector 108 and the cable connector 106.

The cable handling mechanism 114 includes a cable tension detection system 148.

The cable tension detection system 148 includes a tension sensor 150 that is
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configured to detect the tension in the charging cable 104. The tension sensor 150 can
detect normal, elevated, and dangerous tension levels in the charging cable 104. If the
tension in the charging cable 104 exceeds a safe level, the tension sensor 150 sends
a signal to the vessel controller 112, which can trigger an emergency release event to

prevent damage to the vessel 100 and its components.

In one implementation, the tension sensor 150 is part of the cable tension detection
system 148. The tension sensor 150 is configured to detect the tension in the charging
cable 104 and to send a signal to the vessel controller 112 when the tension exceeds
a safe tension threshold. The safe tension threshold corresponds to a tension in the
charging cable 104 that is permitted to safely operate the vessel charging system and
no damage will occur to the vessel 100 or the offshore charging installation 102. The
tension sensor 150 is also configured to detect the tension in the charging cable 104
and to send a signal to the vessel controller 112 when the tension exceeds a
dangerous tension threshold. The dangerous tension threshold corresponds to a
tension in the charging cable 104 that will damage the system e.g. the vessel 100, the
offshore charging installation 102, and or the charging cable 104. The tension sensor
150 is a component of the cable handling mechanism 114, as it helps to ensure the

safety of the vessel 100 and its crew during the charging process.

In some examples the cable tension detection system 148 monitors the length of the
charging cable 104 that has been deployed. The vessel controller 112 determines the
length of deployed charging cable 104 and determines the current tension in the
charging cable 104. Alternatively, the charging cable 104 is coupled to a tension
sensor 150 such as strain sensor which sends a real-time tension signal of the
charging cable 104 to the vessel controller 112. In some other examples, the vessel
controller 112 further determines the relative positions of the vessel 100 from the
offshore charging installation 102 in order to determine the tension in the charging
cable 104.

The method of handling and energising a charging cable 104 on a vessel 100 will now

be described in more detail with reference to Figure 8.
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First, the charging cable 104 is raised onto the vessel 100 as shown in step 800. This
can be done by winching in the charging cable 104 onto the vessel deck 172 using a
cable winch 190 mounted on the vessel 100. As mentioned previously various
techniques or equipment can be used to transfer the charging cable 104 from the

offshore charging installation 102 to the vessel 100.

Next, the charging cable 104 is secured with a cable securing mechanism 136 of a
cable handling mechanism 114 as shown in step 802. The cable securing mechanism
136 includes a gripping mechanism 140 and a locking mechanism 142, which work
together to securely grip and lock the charging cable 104 in place on the vessel deck
172.

Then, a vessel connector 108 is orientated with respect to a cable connector 106. This
can be done by rotating the vessel connector 108 with respect to the cable connector
106, aligning the vessel connector 108 and the cable connector 106 in the correct
orientation for connection. The orientation of the cable connector 106 with respect to
the vessel connector 108 can be achieved passively, in that the cable connector 106
automatically is positioned and orientated due to the structure, shape and form of the
cable handling mechanism 114 and the cable guide arrangement 158. Alternatively,
the cable connector 106 can be actively rotated or positioned with respect to the vessel
connector 108. For example, the crew can manually move the cable connector 106
before the charging cable 104 is secured. This may be less desirable because of the

weight of the charging cable 104 and the potential danger to the crew.

Optionally the cable connector end cap 166 is removed after steps 802 or 804. In
some cases, the charging cable 104 may not need a cable connector end cap 166. In

this case, step 806 can be omitted.

The vessel connector 108 is moved towards the cable connector 106 as shown in step
808. This can be done by actuating a connector mating mechanism 134, which moves
the vessel connector 108 towards the cable connector 106 until the vessel connector
108 and the cable connector 106 are connected. In some alternative examples the

cable connector 106 is moved towards the vessel connector 108. This can be
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achieved by using a hydraulic actuator (not shown) to move the cable securing
mechanism 136 towards the vessel connector 108. This may be less desirable
because moving the cable securing mechanism 136 towards the vessel connector 108

will require dragging the heavy charging cable 104.

Both the steps of securing the charging cable 104 in step 802 and moving the vessel
connector 108 in step 804 can be carried out in response to user input on the user
interface 130. Alternatively, steps 802, and 804 can be autonomous without crew

interaction and carried out by the vessel controller 112.

Once the vessel connector 108 is in electrical and physical engagement with the cable
connector 106, the vessel controller 112 can determine the connection and the status
of the charging cable 104 and other components of the system as shown in step 810.
The purpose of the determination and checking in step 810 is to ensure that there are
no faults and the charging cable 104 is safe to energise. This is advantageous
because the connection and charging operation of the vessel 100 is inherently safer
when working with the high voltage charging cable 104. This means that the crew
working with the high voltage charging cable 104 do not have an increased risk of
experiencing shock, flash, or explosion. Furthermore, the requirement for extensive
training and experience of working with high voltage cables is less important.
Accordingly, the cable handling mechanism 114 means that the connection and

charging operation of the vessel 100 can be supervised by a single crew member.

Once step 810 has been carried out, the charging cable 104 can be energised as
shown in step 812. In some examples, the charging cable 104 will only be energised
in response to user input on the user interface 130. In this case, the vessel controller
112 will only send a control signal to the charging circuit controller 124 of the offshore

charging installation 102 if the crew approve this step as shown in step 814.

This method allows the charging cable 104 to be securely and efficiently connected to
the vessel 100, enabling power to be transferred from the offshore charging installation

102 to the vessel 100 during the charging process.
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The method of handling and disconnecting a charging cable 104 on a vessel 100 will

now be described in more detail with reference to Figure 9.

The tension in the charging cable 104 is monitored as shown in step 900. This can be
done using a tension sensor 150, which is part of a cable tension detection system
148. The tension sensor 150 is configured to detect the tension in the charging cable
104 and to send a signal to the vessel controller 112 when the tension exceeds a safe

tension threshold.

The tension of the charging cable 104 is determined to be above a safe tension
threshold in step 902. This can be done by the vessel controller 112, which receives
the signal from the tension sensor 150 and determines whether the tension in the
charging cable 104 exceeds a safe tension threshold. If not, the vessel controller 112
returns to step 900 and continues to monitor the tension in the charging cable 104 in
step 900.

The vessel controller 112 then determines whether the tension in the charging cable
104 is below a dangerous tension threshold that has been exceeded in step 904. If
the vessel controller 112 determines that the tension in the charging cable 104 is above
a safe tension threshold, but below a dangerous tension threshold, the vessel
controller 112 may issue a yellow warning message in step 906 on the user interface
130. The yellow warning message may indicate that action is needed to keep the
tension in the charging cable 104 below the safe tension threshold. Thereafter, the

vessel controller 112 still continues to monitor the tension as shown in step 900.

If the vessel controller 112 determines that the tension in the charging cable 104 is
above a safe tension threshold, and above a dangerous tension threshold, the vessel
controller 112 may trigger an emergency event. This can be done by the vessel
controller 112, which triggers an emergency release event in response to the detected

tension exceeding the safe threshold in step 908.

The emergency release event can include various actions, such as deenergising the

charging cable 104 as shown in step 910, disengaging the cable securing mechanism
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136 as shown in step 912, and disconnecting the charging cable 104 as shown in step
914.

The vessel controller 112 may issue a red warning message in step 916 on the user
interface 130. The red warning message may indicate that the charging cable 104
must be disconnected to protect the crew and vessel 100, the charging cable 104 and

/ or the offshore charging installation 102.

This can be done by the vessel controller 112, which sends signals to the charging
circuit controller 124 to deenergise the charging cable 104, to the cable securing
mechanism 136 to disengage the gripping mechanism 140, and to the connector
mating mechanism 134 to move the vessel connector 108 away from the cable

connector 106.

Optionally, steps 910, and 912 may be carried out in response to user input on the
user interface 130 as shown in step 918. However, alternatively, steps 910, 912 may
be carried out autonomously by the vessel controller 112 in response to detecting the
tension of the charging cable 104 above the dangerous tension threshold. This may
be safer in case the crew are preoccupied with other safety issues on the vessel 100

or the offshore charging installation 102 e.g. fire.

Step 914 can be carried out by the vessel 100 moving away from the offshore charging

installation 102 once steps 912 and 910 have been carried out.

Optionally, the steps of deenergising the charging cable 104 as shown in step 910,
disengaging the cable securing mechanism 136 as shown in step 912, and
disconnecting the charging cable 104 as shown in step 914 can be carried out in
response to a command issued from the vessel 100. For example, the vessel
controller 112 may be received from the user interface 130 or otherwise and not related

to tension in the charging cable 104.

As mentioned above, optionally, the cable handling mechanism 134 comprises a shear

pin 174. In some circumstances, the shear pin 174 breaks as shown in step 920. In
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this case the shear pin 174 breaks when the tension in the charging cable 104 exceeds
the dangerous threshold force but the cable securing mechanism 136 has not
released. This allows the gripping mechanism 140 to move to the open position,
releasing the charging cable 104 and preventing damage to the vessel 100 and its
components, in the case that the emergency release procedure is not initiated or
develops a fault. This provides additional redundancy for the emergency release
procedure. As shown in Figure 9, the shear pin 174 may optionally break and bypass
the other steps in the emergency release procedure if the tension in the charging cable

104 rises too quickly.

In some examples, the operation of the vessel 100 and the offshore charging
installation 102 involves various processes and procedures that are controlled and
coordinated by the vessel controller 112 and the charging circuit controller 124. These
processes and procedures include the control of the cable handling mechanism 114,

the operation of the cable handling mechanism 114, and other operations.

In one implementation, the operation of the vessel controller 112 involves receiving
inputs from various sensors and systems of the vessel 100, processing these inputs,
and sending control signals to various components and systems of the vessel 100. The
vessel controller 112 receives inputs from the tension sensor 150, the user interface
130, the vessel communication module 132, and other sensors and systems. The
vessel controller 112 processes these inputs to determine the status of various
operations and systems of the vessel 100, such as the tension in the charging cable
104, the status of the charging process, the position of the vessel 100 relative to the
offshore charging installation 102, and other statuses. Based on these determinations,
the vessel controller 112 sends control signals to various components and systems of
the vessel 100, such as the cable handling mechanism 114, the hydraulic control
system 116, the vessel communication module 132, and other components and
systems. These control signals control the operation of these components and

systems, enabling the vessel 100 to perform its intended functions.

In some configurations, the operation of the vessel controller 112 includes controlling

the cable handling mechanism 114. The vessel controller 112 sends control signals to



10

15

20

25

30

DK 181998 B1

32

the cable handling mechanism 114 to control the operation of the cable securing
mechanism 136 and the connector mating mechanism 134. For example, the vessel
controller 112 can send a control signal to the cable securing mechanism 136 to grip
or release the charging cable 104, or to the connector mating mechanism 134 to move
the vessel connector 108 towards or away from the cable connector 106. The vessel
controller 112 can also send control signals to the cable handling mechanism 114 in
response to signals received from the tension sensor 150, such as to trigger an
emergency release event when the tension in the charging cable 104 exceeds a safe
threshold.

In one example, the operation of the cable handling mechanism 114 involves various
processes and procedures that are controlled by the vessel controller 112. These
processes and procedures include securing the charging cable 104 with the cable
securing mechanism 136, moving the vessel connector 108 with respect to the cable
connector 106 with the connector mating mechanism 134, orientating the vessel
connector 108 with respect to the cable connector 106 with the cable guide

arrangement 158, and other processes and procedures.

The cable securing mechanism 136 operates by gripping the charging cable 104 when
in the closed position and releasing the charging cable 104 when in the open position.
The operation of the cable securing mechanism 136 is controlled by the vessel
controller 112, which sends control signals to the gripping mechanism 140 and the
locking mechanism 142 to control the movement of the moveable gripping jaws 144

and the locking arm 176.

The connector mating mechanism 134 operates by moving the vessel connector 108
with respect to the cable connector 106 between a disconnected position and an
engaged position. The operation of the connector mating mechanism 134 is controlled
by the vessel controller 112, which sends control signals to the mating mechanism

hydraulic actuator 138 to control the movement of the vessel connector 108.

The cable tension detection system 148 operates by detecting the tension in the

charging cable 104 and sending a signal to the vessel controller 112 when the tension
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exceeds a safe threshold. The operation of the cable tension detection system 148 is
controlled by the vessel controller 112, which processes the signal from the tension
sensor 150 and triggers an emergency release event when the tension in the charging

cable 104 exceeds a safe threshold.

In some examples, the cable tension detection system 148 may send the tension signal
to the vessel controller 112 and the vessel controller 112 then carries out the steps as
shown in Figures 8 and 9. Alternatively, the cable tension detection system 148 may
carry out some of the steps of the cable tension detection system 148 and the vessel
controller 112 carries out the other steps. For example, the cable tension detection
system 148 may carry out the determination steps 902, 904 and 908 and then send a
signal to the vessel controller 112. Alternatively in some other examples, the cable
tension detection system 148 is part of the vessel controller 112 and implemented as
a subsystem module in hardware or software in the vessel controller 112. In this way,
the vessel controller 112 in some examples is also the cable tension detection system
148.

Furthermore, in some examples, as shown in Figure 10, the offshore charging
installation 102 optionally additionally comprises a cable tension detection system 152
and tension sensor 154. The cable tension detection system 152 and tension sensor
154 of the offshore charging installation 102 are mounted to the offshore charging
installation 102. The cable tension detection system 152 of the offshore charging
installation 102 may have the same functionality as previously described with reference
to the cable tension detection system 148 and tension sensor 150 on the vessel. That
is, the cable tension detection system 152 on the offshore charging installation 102
can determine the tension of the charging cable 104 in the determination steps 902,
904 and 908 and then send a signal to the vessel controller 112 and / or the charging

circuit controller 124.

In this way, the charging circuit controller 124 can carry out the steps as shown in
Figures 8 and 9 instead of the vessel controller 112. Alternatively, the charging circuit
controller 124 can carry out the steps as shown in Figures 8 and 9 in addition to the

vessel controller 112. This means that the charging circuit controller 124 can
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independently monitor the tension in the charging cable 104 as well as the vessel
controller 112. This increases the redundancy when detecting the tension in the

charging cable 104.

In one configuration, the operation of the hydraulic control system 116 involves
controlling the operation of various hydraulic actuators of the vessel 100. The hydraulic
control system 116 is connected to various hydraulic actuators, including the locking
arm hydraulic actuator 194, the gripping mechanism hydraulic actuator 146, and the
mating mechanism hydraulic actuator 138. The hydraulic control system 116 is
configured to selectively actuate one or more of these hydraulic actuators in response
to signals received from the vessel controller 112. This allows the hydraulic control
system 116 to control the movement of various components of the vessel 100, such
as the locking arm 176, the moveable gripping jaws 144, and the vessel connector
108.

The terminology used herein is for the purpose of describing particular aspects only

and is not intended to be limiting of the disclosure. As used herein, the singular forms

a," "an," and "the" are intended to include the plural forms as well, unless the context
clearly indicates otherwise. As used herein, the term "and/or" includes any and all

combinations of one or more of the associated listed items. It will be further understood

that the terms "comprises," "comprising," "includes," and/or "including" when used
herein specify the presence of stated features, integers, actions, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or
more other features, integers, actions, steps, operations, elements, components,

and/or groups thereof.

It will be understood that, although the terms first, second, etc., may be used herein to
describe various elements, these elements should not be limited by these terms. These
terms are only used to distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a second element could be

termed a first element without departing from the scope of the present disclosure.
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Relative terms such as "below" or "above" or "upper" or "lower" or "horizontal" or
"vertical" may be used herein to describe a relationship of one element to another
element as illustrated in the Figures. It will be understood that these terms and those
discussed above are intended to encompass different orientations of the device in
addition to the orientation depicted in the Figures. It will be understood that when an
element is referred to as being "connected" or "coupled" to another element, it can be
directly connected or coupled to the other element, or intervening elements may be
present. In contrast, when an element is referred to as being "directly connected" or

"directly coupled" to another element, there are no intervening elements present.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further understood that terms used herein
should be interpreted as having a meaning consistent with their meaning in the context
of this specification and the relevant art and will not be interpreted in an idealised or

overly formal sense unless expressly so defined herein.

It is to be understood that the present disclosure is not limited to the aspects described
above and illustrated in the drawings; rather, the skilled person will recognize that
many changes and modifications may be made within the scope of the present
disclosure and appended claims. In the drawings and specification, there have been
disclosed aspects for purposes of illustration only and not for purposes of limitation,

the scope of the disclosure being set forth in the following claims.
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1. Fartey (100), der omfatter:
et elekirisk kredslob (110} 1 fartajet,

LA

en fartepskonnekior (108), der er elekinisk forbundet med det elektriske kredslob {110} 1 fartoet,
en kabelbhfndtermgsmekamsme (114), der er monteret pd fariejet (100}, hvilken
kabelhindfeningsmekamsme {114} omfatter:
en kabelfastgorelsesmekanisme (136), der er konfigureret t1l at fastgore et ladekabel (104) med en
kabelkommektor {100} 1 forhold til fartejet (100), hvilket ladekabel {104) er elekinisk forbundet med
10 en offshore-ladeinstaliation (102), og
en komnektorsammenkoblingsmekanisme  (134), der er konfigureret tl at  bevege
fartepskonnektoren (108) 1 forhold til kabelkonnektoren {106} mellem en frakoblet position ogen
tilkoblet position,

hvor fartejet vderligere omfatter ef kabelspendmgsdetektermgssystermn {148) tl at

15 overvige én af sprendingen og leengden af ladekablet (104}

2. Farte (100) tfedge krav 1, hvor konnektorsammenkobdingsmekanismen (134} er konfigureret #il

at beveege farteiskonnekioren (108} 1 et plan, der er parallelt med et farfeysdeek (172).

20 3. Farteg (100} ifelge kvav 1 eller 2, der vderligere omfatier en kabelforingsindretning (158), der

er konfigureret til at ortentere fartejskonnektoren (108} i1 forhold 6} kabelkonnektoren (106,

4. Fartpy (100} ifelge et hvilket som  helst af de foregdende krav, hvor

kabelfastgorelsesmekanismen (136) omiatter en gribemekanisme (140), der kan beveges mellen:

35 abne og lukkede positioner.
5. Fartey {100} elge krav 4, der yderhgere omfatier en lasernekamsme {142}, der er konfigureret
11l mekanisk at lise gribemekamsmen (140} 1 den lukkede position, hvor lasemekanismen {142)
omfatter en lasearm {176), der kan beveges mellent en 1ast position og en fnigivelsesposition,

30

6. Fartoy {100) ifelge et bvilket som helst af de foregiende krav, der vderhigere omfatier en
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fartegsstyreenhed {112). der er konfigureret til at styre kabelhandieningsmekanismen (114}

7. Fartay {100} ifelge krav 6, hvor fartepsstyreenheden (112) er konfigwreret tl at styre

kabelfastoorelsesmekanisnien {136} og konnektorsammenkoblingsmekanismen {134).

LA

§. Fartej {100) ifolge krav 6 eller 7, hvor fartgjsstyreenheden (112) er konfigureret til at modtage
ef signal fra spendmgssensoren {1530) og udlose en nedudlosningshendelse som reaktion pa den

detekterede spanding, der overskeuder en sikker spendingstersikel.

10 9. Fartey (100} ifelge et bvilket som helst af de foregdende krav, der vderligere omfatier et

hiydraulisk styresystem (116}, der er forbundet il kabelhndteringsmekanismen {114},

10, Fartey {100} 1olge et hvilket som helst af de foregende kpav, hvor
kabelhandterimgsmekanisien (114) yderhigere omfatter en kabelforingsmdretmng (158), der er
15  konfigureret il at fore og lede ladekablet (104} til den korrelde posthion og ortentering il

forbindelse.

11. Fartey (100} itelge krav 10, hvor kabelformgsindretnmngen {158} omfatier en tragt (160}, der

mdsnevres mod farteskonnektoren (108).

20
12. Fartey (100} ifelge kyav 10 eller 11, hvor kabelforingundretmingen (158} omfatter en
formgsspalte {162}, der er konfigureret til gd 1 indgreb med en selvjusterende kilegang (168}, der
rager ud fra kabelkonnektoren (106}

25 13, Fartep {100y 1felge et hvidket som  helst af de foregdende krav, hvor
kabelhandterimgsmekanisnren {114} er konfigureret 11l akinvt at justere fartejskonnekioren (108} 1
forhold til kabelkonnektoren {106}

14, System. der omfatter:
30 et fartey {100) ifelge et hivilket som helst af kravene 1 t1d 13,

en offshore-lademstaliation {102} med et offshore-installationsladekredslob {122}, der er elekirisk
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forbundet med ladekablet {104}, og en stremlkilde {118},

15, System ifplge krav 14, der yderligere omfatter en fortojningshne, der er konfigureret til at

fortere fartojet (100} 1l offshore-lademstallationen (102).

LA

16. System ifelge et hvilket som helst af kuavene 14 ul 135, hvor offshore-ladeinstallabionen (102}

er flvdende.

17. Swstem ifzlge et hvilket som helst af kravene 14 11l 15, bvor offshore-lademstallationen (102}

16 er fast 1 forhold 31 havbinden,

18. Kabelhdndterimgsmekanisme (114} fil et fartey (100}, der omfatter:

en kabelastgorelsesmekanisme (136}, der er konfigureret i1 at fastgore ef ladekabel (104)
med en kabelkomektor (106) 1 forhold #il fartejet (100}, hvilket ladekabel (104} er elektnsk

15  forbundet med en offshore-lademstallation (102}, og

en komnektorsammenkoblingsmekamsme {134), der er konfigureret 1l at bevege en
fartopskonnektor {108}, der er elektrisk forbundet med et elektrisk kredsleb {110) 1 fartojet, 3
forhold fil kabelkonnektoren {106} mellem en frakoblet position og en tilkoblet position,

hvor kabelhdndtermgsmekanismen omfatter et kabelspendingsdetekteningssystem (148},

20 der er konfigureret til at overvége én af sprendimgen og lengden af ladekablet {104).

19. Fremgangsmade 1l handiering og frakobling af et ladekabel {104} pd et farte) (100}, der
omfatter trinnene;

overvigning af spending 1 ladekablet {104},

(%]
LA

bestenmelse af ladekablets (104} spending over en speendingsteerskel,
udiesnmng af en nadbhendelse baseret pa detelderet spendmg,
deaktiverng af ladekablet {104},

frakobling af en kabelfastgorelsesmekanisme (136} og

frakobling af ladekablet {104},
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