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Abstract

The upcoming industry for floating offshore wind turbines demands new and innovative solutions for
offshore installation in high volume. One important aspect is the installation and pull-in of inter array cables
to the turbines. The conventional method for installation of cables requires multiple vessel approach for
personnel transfer and lifting of temporary pull-in equipment.

To improve the inter array cable installations, Kongsberg Maritime is introducing “DP Remote Dynamic
Cable Pull-In” This system enables pull-in and hang-off of inter array cables without heavy equipment and
personnel on the floaters. Key components include the pull-in winch and DP control system on the
installation vessel, and instrumentation package on the floater. By integrating these systems and introducing
innovative DP and winch control synchronization, the pull-in operation can be performed in an increased
sea state without compromising on precision or safety.

The instrumentation package enables continuous control of relative motions for pull-in winch remote
compensation. The position of the cable is controlled with high accuracy for safe entrance and hang-off at
the floater. The DP control system will ensure optimal vessel position in all situations, utilizing Follow
Turbine and Auto Position modes with operational specific views and advise as well as integrated failure
handling.
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Abbreviation / Definition
KM Kongsberg Maritime
FWT Floating wind turbine
IAC Inter-array cable
DP Dynamic positioning
MBR Maritme Broadband Radio
HIL Hardware in the loop
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Introduction

The objective of the DP remote dynamic cable pull-in system, is to standardize the cable pull-in operations,
reduce equipment and infrastructure, eliminate weather restrictive operations and personnel safety risks,
reduce turnaround time, increase vessel chartering flexibility and reduce CAPEX and OPEX.

The Kongsberg Maritime (KM) solution for dynamic cable pull-in operations is a remote system that can
be operated from the installation vessel without heavy equipment and personnel onboard the floaters.

The system is adaptable to different floater types, vessel spreads, dynamic cable configuration and
installation methods including direct cable installation or cable recovery and pull-in from a wet store

position.

To maintain the safety, a DP system with tailored operation specific functionality plays an important role
in integrating the different systems.

The system is not limited to Floating Wind Turbines (FWTs) and Inter Array Cables (IACs). The system
may be used on other floating installations and for other type of flexible products where it is possible to
pre-install and integrate equipment and instrumentation as described.
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Figure 1 KM DP Remote Dynamic Cable Pull-in System
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An overview of the equipment required in the remote system is shown in Table 1. The system details are
described in the sections below.

Description Location Comment
Pull-in winch system Installation vessel [One system per vessel
DP system with upgraded functionality Installation vessel [DP-2 K-POS system
Instrumentation kit Installation vessel [Integrated with K-POS
Remote automatic hang-off arrangement  |[Floater One per cable / I-tube
Topside guide sheave Floater Minimum one per cable/ I-tube
Messenger wire Floater One per cable / I-tube
Instrumentation kit Floater One per floater

Table 1 System equipment
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Pull-in winch and hang-off arrangement

The Winch system includes:
e  Winch & spooling device
e Sheave arrangement
e Control system

The pull-in winch, which is used for pulling in the cable to the floater, is now placed onboard the vessel
operating near the FWT. This placement differs from conventional methods. By communicating with the
floater instrumentation, the winch compensates for the motions of both the floater and the vessel, thereby
controlling the pull-in of the cable relative to the FWT I-tube. The pull-in winch and it’s main properties
is shown in Figure 2.
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Figure 2 Vessel pull-in winch

An example of a simple sheave arrangement for a remote pull-in and hang-off operation is shown in
Figure 3. The topside sheave, centred above the I-tube, must be positioned high enough to pull in the
cable, including room for the cable termination, pull-in head, tail, and rigging. A sheave with a flagging
function, alternative a sheave in combination with a roller fairlead, is proposed for flexibility in vessel
positioning.
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Figure 3 Sheave arrangement

Messenger wire lines may be pre-installed on the floaters before tow out. The messenger wire line should
be long enough (200-250m) to connect to the cable and pull-in winch onboard the vessel.

The cable hang-off arrangement is crucial for remote hang-off without personnel on the floater.
Alternative designs may be used for an automatic hang-off. One alternative could be an arrangement with
passive locking dogs on top of the I-tube, see example in Figure 4. The cable termination will rotate the
locking dogs into a groove for hang-off. The system uses the weight of the locking dogs or spring loading
to ensure they drop into place.

Figure 4 Mechanical passive locking dogs
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Pull-in instrumentation system

To be able to perform a controlled dynamic cable pull-in operation, an instrumentation system that
determines the relative position, velocity and orientation between the vessel and the floater in real-time
and continuously provides output data to the DP and winch control system is required. One part of the
system is installed on the vessel and the other part is installed on the floater. These two parts are
communicating through a Marine Broadband Radio (MBR) data link. The main components are standard
existing products, but the integration of the signal from the vessel and floater is developed and adapted to
this specific application.

The instrumentation system comprises the following two main components:
o The Vessel System Processing Unit installed on the vessel.

o The Remote Motion System (REMO) installed on the floater.

Vessel instrumentation
The Vessel System Processing Unit is the master in the system and comprises the following components:

e Master Processing Unit, like a DGPS receiver with extra processing capacity for receiving and
calculating relative positions.

o Inertial data from an existing Inertial Measuring Unit (IMU) sensor onboard, like a Motion
Sensor and Gyro Compass.

e Optionally for redundancy purposes, relative position reference system from a radar or laser
system can be used for cases with loss of GNSS signals.

e MBR data link to the floater.

The Vessel System Processing Unit receives real time position from the floater and calculates relative
position, velocity, and orientation. These data are output to the DP and winch control system in an
appropriate format.
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Floater instrumentation

To get sufficient information about the floater status, an integrated sensor package has been developed,
called REMO (see Figure 5). This package is combined into a light weight, water proof package that can
be easily installed and uninstalled directly. As the instrumentation is based on known components with
standardized interfaces, the same package can also be reused through other operations during installation
or production.

e

Figure 5 Remote motion system

The main components in the REMO package are:
e MBR radio data link.
e IMU sensor for output of inertial data and motion of the floater.
e Slave processing unit, like a DGPS receiver with processing capacity.

e The unit has internal power supply through the battery package, but for longer operation duration
the unit can be connected to a permanent power supply.

o The unit has its own control software that shows battery capacity, system status and can set the
system in sleep mode.

MTS DP Conference - Houston October 8-9, 2024 Page 8



Kristian Ivar Qien DP Applications DP Remote Dynamic Cable Pull-In
Supporting the Energy
Sector

In combination, a typical instrumentation system layout for the pull-in operation could look like Figure 6.

Hemote Motion System

Figure 6 Instrumentation layout example
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DP Functionality

The DP Software functionality will be described as extensions to a standard K-Pos DP-2 system which is
available on a significant share of vessels that are suitable for this kind of job. In principle the
modifications are made in software and does not require any hardware changes except for new interfaces.

Existing operational modes

In addition to new software modifications, there are basic functions in the DP that will be utilized as a
major part of the functionality in this concept.

Auto Position
Keeping the vessel in a fixed global position is the main operating mode.

Follow Target
Follow target to keep vessel positioned relative to a moving floater can be used to keep a constant
distance between the pull-in winch and the floater sheave.

Weather wane

In situations where the vessel is directly connected to the floater, it might be useful to use a weather wane
mode. In this case the vessel will keep its relative heading towards the floater but allow the vessel to
move along a given radius in order to optimize position for the current weather.

External force handling

If the forces from the connected wire is considered to impact the positioning performance, it is possible to
include standard functionality for external force. This allows for compensation of the additional forces by
reading tension and horizontal direction from the winch system.
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Dynamic vessel working area

A new dynamic vessel working area is defined within the DP control system, based on limitations for
cable and pull-in system. The operator can use this to monitor the dynamic safety margins for the current
operation. Limitations are mapped to a geographical area and a heading constraint. Limitations will be
maintained by giving advice to the operator in terms of views or by interlocking setpoints outside the
defined area. The DP alert system will represent an important part of the advice as it will continuously
monitor any violations of defined limitations. Figure 7 shows how the dynamic vessel working area is
displayed in K-Pos, including the vessel and turbine position.
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Figure 7 Dynamic vessel working area

Defining working area limits
The working area limits are defined by different operation parameters, e.g., the cable laying table, the
pull-in winch or the sheave arrangement on the floater.

e Max/min distance to the floater
e Max/min angle between winch wire and vessel
e Max/min angle between winch wire and floater

The Pull-in winch limitations are read directly from the winch control system and may change
dynamically during the operation. The other parameters can be inserted manually into the DP system by
the operator.
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By monitoring the vessel and floater motions in the horizontal plane (3DOF), the DP system will
dynamically calculate the most limiting factor for each of the given parameters and present this to the
operator.

Pull-in monitoring view

A dedicated view in the DP control system will show the operating margins for the pull-in system, see
Figure 8. Critical operational margins are included. The view is based on information from the winch
control system and the floater sensor package.

Horizontal distance represents the distance between the sheaves on the vessel and the floater, which is
important for the user to get an overview of vessel operation margins. Alert limits are given by the
“Dynamic vessel working area”.

Vertical distance represents the remaining wire length between the end of the pull-in cable and the
entrance on the FWT. This distance can be calculated based on wire length from the winch interface and
information about the sheave system on the floater.
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Figure 8 Pull-in monitoring view

MTS DP Conference - Houston October 8-9, 2024 Page 12



Kristian Ivar Qien DP Applications DP Remote Dynamic Cable Pull-In
Supporting the Energy
Sector

Dynamic Setpoint advise

A dynamic advise for optimal position and heading to maintain safety margins is shown in the position
plot on K-Pos. This is calculated with input from Dynamic vessel working area and present environmental
conditions.

In addition, the system can automatically suggest a setpoint change when the pull-in operation moves to a
new phase and the conditions for the optimal position changes. The operator will then have to approve the
change before the vessel starts to move.

A setpoint change suggestion is also given in predefined failure situation, where it is beneficial to move
the vessel. E.g., the vessel is moved to a fail-safe position while performing emergency actions or to a
position where the operational margins for other equipment increase.
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Integrated operation

The operator interfaces for the different systems in the pull-in concept can be made available from a
single operator environment, to get overview and control of the integrated operation. Depending on the
bridge layout it is possible to co-locate different operator stations and status information, or even combine
the different elements into a single operator station, ¢.g., by adding a basic set of winch operator controls
to a DP operator station.

For complete pull-in winch control functionality including joystick operation, a standalone operator
station for the winch can be used. This can also serve the purpose as a fallback system where individual
winch control is needed.

Different levels of integrated operation

In addition to the operator station integration, the Winch and DP operation can be integrated with
different levels of automation, depending on the customer and user demands.

Separate control

The easiest way, with least change for the operator compared to a conventional operation, is to co-locate
the operator stations, but keep an independent control of each system. This gives an increased overview
but does not help the operator with coordination of the operation.

Integrated advise

The next step is to introduce operator advisory on the control systems, based on status from each other,
i.e., status is forwarded to recommend action on the other system. This allows the operator to stay in
charge of the operation but still be able to utilize the control system integration to operate safer and more
efficient.

Integrated control

A fully integrated and automatic operation is possible for the future but should be considered after having
experience from the functionality. Actions or events on one of the systems may lead to automatic
operation of the other.
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Integrated failure handling

An essential aspect of the overall system is the seamless integration between the control systems, ensuring
they operate safely in unison. By leveraging the distinct capabilities of the Winch control system and the
Dynamic Positioning (DP) control system, and coordinating their operations as described, we can
effectively mitigate the consequences of single failures.

Utilizing the new functionality for continuous preparation and monitoring of operational margins
increases the number of alternatives for failure handling, thereby enhancing the likelihood of successfully
managing difficult situations, whether through manual interventions or automatic actions. Some important
parameters in this context, that also can change dynamically during different phases of the operation, may
be:

e Distance and between vessel and floater

e Distance between cable head and floater entrance

e Allowable vertical motions of the cable head

Examples of failures with preventive response:

Winch failure
Winch is not able to compensate with sufficient precision. This might be due to problems with
input measurements, wrong calculation, or mechanical inaccuracies in the winch itself.

Response:

DP moves the vessel slowly towards the floater to keep the cable in a safe distance to the cable
entrance. Based on the overall situation, DP can provide dynamic advisory for which action that is
most beneficial based on the current operation steps.

DP failure
Loss of position. For this operation, any kind of failure that leads to loss of position may be critical.
By communicating positioning status to the winch, appropriate actions can be initiated to prepare
for a safe termination of the operation. The action may be dependent on the current operation step
and the margins.

Response:
Winch pays out to move the cable away from the floater and prepare for termination by bringing
the pull-in system to a safe condition with increased safety margins.
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System qualification

A HIL test has been completed to qualify the different components in this integrated simulator setup. By
connecting the different systems, the test has proven that they are able to perform as intended with inputs
that are comparable with an operational situation. The design strives to run the control systems on their
actual hardware platform and interfacing the simulator in a way that is as equal as possible to the real
interfaces. When the setup is complete it is possible to run scenarios with the simulator that are difficult to
test in a full-scale operation, and there are no limitations in terms of pushing the systems to their
extremities. The simulator used, OrcaFlex, also provides a visual overview, shown in Figure 9, which
makes it easier to verify the overall operation.

Figure 9 Visual overview

The purpose of establishing a HIL setup is:

1. Verify and test communication between DP system and winch control system.

2. Test and verify the winch control system algorithm. The HIL setup will include the winch
controller system.

3. Establish/verify environmental limitations for performing the pull-in and hang-off on the floater.

4, Investigate failure modes such as vessel drive off, DP blackout or thruster failure, or different
winch failures

5. Basis for future training personnel for the offshore operation
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Figure 10 shows the practical setup that was used in the test, where the red layer is an OrcaFlex simulator
environment. The blue parts are specifically made for this purpose to facilitate this setup. The final layer,
represented in grey, is the actual control software running on real hardware. The intention is that bottom

part should be identical to the system in a full-scale operation.
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Figure 10 HIL test setup
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Conclusion

In conclusion, Kongsberg Maritime’s “DP Remote Dynamic Cable Pull-In” system represents a
transformative approach to the installation of inter array cables for floating offshore wind turbines. By
eliminating the need for heavy equipment and personnel on the floaters, this innovative solution enhances
safety and operational efficiency. The integration of advanced DP control systems and precise winch
synchronization allows for reliable and accurate cable pull-in operations, even in challenging sea
conditions. This advancement not only streamlines the installation process but also reduces costs, paving
the way for more scalable and sustainable offshore wind energy projects. As the industry continues to
grow, such innovations will be crucial in meeting the increasing demand for renewable energy solutions.
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