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Abstract

Dynamic Positioning (DP) systems enable vessels to maintain a stable position and heading
without using anchors. Therefore, the DP capabilities of a vessel are crucial in its design to meet
operational requirements efficiently and operate safely within its limitations. The safety of
personnel and equipment during the installation and maintenance of offshore wind farms heavily
relies on DP operations.

This paper showcases technological advancements in DP systems which can utilize existing
offshore industry experience to address challenges such as system complexity, power supply, and
environmental conditions.

This paper examines specific aspects related to DP system design, development and regulatory
requirements as they pertain to offshore wind projects. Safety and equipment protection will also
be addressed.

This paper concludes with the Class perspective of the development of technical solutions utilizing
existing offshore industry experience to overcome current challenges. This information can benefit
practicing engineers and operators in the offshore industry in the design, installation, and operation
of offshore wind farms.

Keywords
Dynamic positioning, offshore wind projects, technological advancements, system design,
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1. Introduction

Offshore wind projects have emerged as a crucial source of renewable energy, requiring efficient
and safe deployment of resources in challenging marine environments. Dynamic Positioning (DP)
systems play a pivotal role in the successful execution of these projects by enabling support vessels
to maintain a stationary position and heading without relying on traditional anchoring methods [1]
[2]. DP technologies offer increased operational flexibility, reduced installation time, and
enhanced safety during offshore wind farm development and maintenance [2]. This paper explores
advances in DP systems that leverage existing offshore industry experience to address specific
challenges, such as system complexity, power supply, and environmental conditions. By
showcasing the latest technological developments and providing insights into DP system design
and regulatory requirements, this research aims to equip practicing engineers and operators in the
offshore industry with valuable knowledge to effectively design, install, and operate offshore wind
farms.

Offshore wind projects, involving the placement and maintenance of wind turbines in open waters,
pose unique operational challenges. DP systems enable vessels to accurately hold their position
and heading, facilitating precise positioning of turbine installation equipment, cable-laying
vessels, and maintenance craft [3]. As offshore wind farms expand into deeper waters and harsher
environments, the demand for advanced DP capabilities becomes increasingly critical.

This paper explores the technological advancements in DP systems, including the evolution of DP
control algorithms, integration of sensor systems for enhanced positioning accuracy,
implementation of redundancy and fault tolerance mechanisms, and the utilization of data analytics
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and machine learning. These advancements allow DP systems to adapt to varying environmental
conditions, increase overall system reliability, and optimize power consumption.

To ensure safe and efficient operation, DP systems in offshore wind projects should comply with
specific design and regulatory requirements [4]. This paper will delve into these requirements,
encompassing industry standards, guidelines, and the rules set forth by classification societies. It
will also address the importance of risk assessment, failure modes analysis, and model testing in
ensuring the integrity and reliability of DP systems. Given the criticality of safety and equipment
protection, the paper will examine measures related to DP system integrity monitoring,
maintenance protocols, as well as emergency response procedures.

Lastly, the paper will provide ABS Class perspective on the development of technical solutions,
drawing on the experience and expertise of classification societies [3]. ABS plays a significant role
in establishing guidance, conducting assessments, and certifying DP systems' compliance with
regulatory requirements.

In conclusion, this research presents a comprehensive overview of the technological
advancements, challenges, and regulatory perspectives associated with DP systems as enablers of
offshore wind projects.

2. Dynamic Positioning System Overview

2.1 Definition and Components of DP Systems

DP systems are advanced vessel control systems that enable ships and offshore platforms to
maintain a position and heading (station keeping) within a specified operating envelope under
specified maximum environmental conditions without conventional anchoring [5, 6]. These
systems utilize a combination of propulsion systems, sensors, and sophisticated control algorithms
to predict then counteract external forces, such as wind, waves, and currents.

2.1.1 Equipment Classes
The level of redundancy required for these components and systems is determined by the impact
of losing position and/or heading keeping capability. To achieve this goal, the requirements have
been divided into three equipment classes [7].
e Equipment class 1 or DP-1, a loss of position and/or heading may occur in the event of a
single fault.
e Equipment class 2 or DP-2, a loss of position and/or heading will not occur in the event of
a single fault in any active component or system.
e Equipment class 3 or DP-3, a loss of position and/or heading will not occur in the event of
a single fault or failure including complete loss of a compartment due to fire or flood.

2.2 Power and Propulsion Systems
Power and propulsion systems are crucial for a vessel to maintain its position and direction.

2.2.1 Power System
Power system systems often consist of prime movers such as diesel-electric generators or hybrid
propulsion arrangements. Other essential components that provide power to the DP system include
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switchboards, an electrical distribution system (which involves cabling and cable routing), and a
power management system if applicable. The system also includes power supplies, which may
involve uninterruptible power supplies (UPS).

2.2.2 Thrusters System
Thrusters are the primary means of propulsion employed in DP systems. The system also
encompasses the thruster control systems, manual thruster controls, and all associated cabling and
cable routing. Common types of thrusters used in DP systems are azimuth thrusters, tunnel
thrusters, and retractable thrusters.

2.3 Position Reference and Sensor Systems (PRS)
PRS consists of all hardware, software and sensors that supply information and/or corrections
necessary to give position and heading references, including its power supply [3]. There are five
common types of PRS used in marine applications: [8]

e Differential Global Positioning System (DGPS)

e Hydroacoustic Position Reference (HPR) Systems

e Taut Wire

e Line of sight such as Artemis, Cyscan and RadaScan

2.4 DP Control Systems
DP control systems combine real-time position data from the PRS with other sensor inputs, such
as wind, wave, and current sensors, to calculate the required thrust and heading adjustments.

2.5 Other Components of the DP Systems

- Computer System: Microprocessors, Programmable Logic Controller (PLC), Distributed
Control Systems (DCS), PC or server-based computation systems are examples of
computer-based systems.

- Interface: Examples of interfaces include input/output interface (for interconnection with
sensors and  actuators); communications interface  (to  enable  serial
communications/networking with other computers or peripherals).

- Peripheral: A device performing an auxiliary function in the system (e.g., printer, data
storage device).

- Joystick System: A system with centralized manual position control or automatic heading
control.

2.6 Operational Significance and Benefits of DP systems in Offshore Wind Projects
DP systems contribute significantly to the success of offshore wind projects development and
maintenance in several key aspects:

2.6.1 Precise Positioning
DP systems enable vessels to accurately position themselves during critical operations, such as
turbine installation, cable laying, and maintenance activities. By maintaining a precise position,
DP systems ensure that the equipment is deployed accurately, minimizing the risk of collision with
other structures and optimizing the overall efficiency of the project.
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2.6.2 Enhanced Flexibility
Unlike traditional anchoring methods, DP systems provide increased operational flexibility,
allowing vessels to maintain position and heading even in adverse weather conditions or
challenging environments. This flexibility improves project timelines and reduces weather-related
downtime, resulting in increased productivity and cost-effectiveness. Also, the capabilities of DP
systems are instrumental in supporting the growth of offshore wind farms into deeper waters.

2.6.3 Improved Safety
The safety of personnel and equipment during offshore wind farm operations heavily relies on DP
systems. These systems enable vessels to maintain a stable position, reducing the risk of collisions,
damage to the installation equipment, or injury to workers. DP systems also support emergency
response capabilities, facilitating prompt evacuation or recovery operations in the event of an
emergency.

3. Technological Advancements in DP Systems

3.1. Advances in DP Control Algorithms

Modern DP systems have witnessed significant advancements in control algorithms. These
algorithms govern the adjustment of thrusters and other propulsion systems to maintain a vessel's
position and heading. Recent developments in control algorithms have focused on improving
system performance, responsiveness, and accuracy. There are several advanced control algorithms
for DP system that have been developed over the years. Some of these algorithms include robust
control, modal control, adaptive control and model predictive control [9]. Advanced control
algorithms employ sophisticated mathematical models, including predictive and adaptive
algorithms, to optimize vessel positioning and minimize positioning errors caused by external
forces such as wind, waves, and currents.

3.2. Integration of Sensor Systems for Precise Positioning

Accurate positioning is crucial for DP operations. To achieve precise positioning, DP systems have
integrated a wide range of sensor systems. These systems include Global Navigation Satellite
Systems (GNSS), such as GPS, GLONASS, and Galileo, which provide accurate positioning
information [10]. Additionally, Inertial Navigation Systems (INS) and Doppler Velocity Logs
(DVL) are employed to measure the vessel's position, velocity, and heading. Integration of
multiple sensor systems enables the DP system to more effectively compensate for sensor noise,
measurement errors, and provide redundancy in case of sensor failures.

3.3. Enhanced Redundancy and Fault Tolerance Mechanisms

DP systems are designed with enhanced redundancy and fault tolerance mechanisms to ensure
system reliability and minimize the risks associated with system failures. Redundancy is achieved
by having multiple independent sensors, computers, and control equipment. Enhanced redundancy
represents an even higher level of redundancy beyond DP-3. It typically involves additional
redundant equipment and systems to further enhance the reliability and integrity of the DP system.
Enhanced redundancy may include additional backups for control systems, power generation,
thrusters, and auxiliary systems. If a failure occurs in one component, the redundant components
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can take over seamlessly, maintaining operational integrity. Additionally, fault tolerance
mechanisms are implemented to detect and isolate faults, preventing them from propagating
throughout the system. Advanced fault detection algorithms, self-testing capabilities, and
automated failover mechanisms play a crucial role in maintaining system robustness.

3.4. Utilization of Data Analytics and Machine Learning

Data analytics and machine learning techniques are being integrated into DP systems to improve
performance and optimize vessel operations. Real-time data collected from various sensors and
historical data are analyzed to identify patterns, correlations, and anomalies. Machine learning
algorithms can learn from this data and make predictions about vessel behavior, environmental
conditions, and system performance. By leveraging machine learning, DP systems can adapt their
control strategies based on contextual information, resulting in better positioning accuracy,
improved fuel efficiency, and enhanced decision-making capabilities [11].

The combination of data analytics and machine learning also enables predictive maintenance,
where system components' health and performance can be continuously monitored. By analyzing
sensor data and historical maintenance records, potential failures or degradation can be identified
in advance, allowing for proactive maintenance and reducing the risk of unexpected system
downtime.

3.5. Advances in Power Management Systems

Advanced power management systems are used to improve the efficiency of the DP system by
optimizing the use of power. These systems can monitor the power consumption of the vessel and
adjust the power output of the generators accordingly. This helps to reduce fuel consumption and
emissions, while also improving the reliability of the system. Some advanced power management
systems can also incorporate renewable energy sources such as solar panels and wind turbines to
further reduce fuel consumption and emissions.

4. DP System Design Complexity for Offshore Wind Farms

DP system complexity for vessels supporting offshore wind projects face specific challenges due
to the integration of various components and requirements. Addressing these challenges requires
a multidisciplinary approach involving expertise in marine engineering, electrical systems, control
systems, and communication technology. Effective integration of components in the context of
offshore wind farms plays a critical role in ensuring the reliable and efficient operation of DP
systems, contributing to the overall success and safety of offshore wind farm projects. In this
subsection, the following points are discussed :

4.1. Integration of DP Systems with other Onboard Systems

Integrating DP systems with vessel power management, navigation, communication, and other
onboard systems can be challenging. The three sub-systems: Power System, Thruster System, and
DP Control System should work in unison to maintain the vessel’s heading and position by
controlling the horizontal movement of the vessel. In addition, seamless communication,
synchronization, and coordination between these systems are essential to ensure efficient and safe
operations.
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4.2. Environmental Conditions

Environmental factors such as wind, waves, and currents can have a significant impact on DP
system design complexity. The DP design and capability calculations should be performed based
on the expected wind speed/load as well as significant wave height, wave period, and current speed
data as input.

The analysis should be carried out for many combinations of input data in a specific location. The
DP capability indicates that the position-keeping ability of the respective vessel can be maintained
under predefined environmental conditions .

Varying environmental conditions can also influence vessel behavior, thruster requirements, and
control algorithms. The DP system should be designed to adapt and respond to changing
environmental parameters.

5. Regulatory Requirements for DP in Offshore Wind Projects

5.1. International Regulations and Standards Governing DP Operations for Offshore
Wind Industries

DP operates within a framework of international regulations and standards to ensure safe and
efficient operations for offshore wind projects. This section provides an overview of key
regulations and standards applicable to DP , including:

5.1.1. International Maritime Organization (IMO) Guidelines

The International Maritime Organization (IMO) has established guidelines and standards for the
design, construction, and operation of vessels equipped with DP systems. The IMO
MSC/Circ.1580 - Guidelines for Vessels and Units with Dynamic Positioning (DP) Systems, issued
on 16 June 2017 provides a framework for maintaining safe and reliable DP operations. This
document provides an update to the previous guidelines in MSC/Circ.645 “Guidelines for Vessels
with Dynamic Positioning Systems” issued on 6 June 1994. They address design criteria, system
redundancy, power supply arrangements, and operational procedures.

5.1.2. International Standard and Guidelines

In addition to the guidelines provided by the IMO, there are specific rules for DP systems set by
international organizations. Some examples are the International Marine Contractors Association
(IMCA) M 103 and M 166, which are a set of guidelines for the design, operation and failure
modes and effects analysis (FMEA) of dynamically positioned vessels [12]. These guidelines are
a practical combination of existing regulations, operational procedures, and best practices.

The document has been updated to include both general design and operational guidance, as well
as specific guidance for seventeen different types of vessels that use DP. These vessels support the
oil and gas industries, as well as offshore energy industries.

The International Electrotechnical Commission (IEC) has established standards specifically
geared towards DP systems used in the offshore industry. For example, IEC 60812, Analysis
Techniques for System Reliability - Procedure for Failure Mode and Effects Analysis (FMEA) [13]
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which explains how FMEA, including the failure modes, effects and criticality analysis (FMECA)
variant, is planned, performed, documented and maintained.

5.2. Flag State Regulations

Each flag state may enforce specific regulations pertaining to vessel operations, including DP
operations. Flag state requirements include vessel design criteria, crew competence, training, and
operational procedures. For example, U.S. Coast Guard (USCG) has published a Guide titled
“Introduction to Dynamic positioning DP systems” based on the IMO circulars IMO
MSC.1/circ.645, MSC.1/Circ1580 and MSC.1/Circ.738 rev2.

For U.S. Flagged vessels, the DP System’s Plans and Documents should be approved by the
USCG’s Marine Safety Center (MSC) or an Authorized Classification Society (ACS)/Responsible
Organization (RO) on behalf of the USCG.

5.3. Environmental Regulations and Risk Assessment

Offshore wind projects are subject to environmental regulations, which aim to protect marine
ecosystems and mitigate the impact of project activities. These regulations typically require
thorough environmental impact assessments (EIAs) to evaluate the potential effects on marine
habitats, wildlife, water quality, and other environmental factors. Consideration of sensitive areas,
such as marine protected areas or migration routes, is crucial. Risk assessments, including hazard
identification and risk mitigation plans, are to be conducted to address potential environmental
risks associated with DP operations.

Compliance with environmental regulations ensures sustainable and environmentally responsible
offshore wind operations.

5.4. Classification Society Guidelines for DP System Design, Installation, and Operation

Classification societies play a crucial role in ensuring that DP systems meet the required safety
and performance standards. This section explores the guidelines and recommended practices
provided by classification societies for DP systems.

5.4.1. Classification Society Guidelines

Classification Societies provide guidelines for DP in the form of standards and operations
guidance. These guidelines provide requirements and recommendations for the design,
construction, installation, and operation of DP systems on ships and offshore structures. They
cover various aspects, including DP system components, redundancy, testing, training, and
procedures for safe DP operations. The specific guidelines may vary among different classification
societies, such as DNV [14], ABS [3], Bureau Veritas (BV) [15], LR [16], and others, but they
generally align to different degrees with the requirements of IMO MSC/Circ.1580 and aim to
ensure the safe and reliable use of DP technology in marine applications.

For instance, ABS has developed the Guide for Dynamic Positioning Systems which was initially
published in December 2012 and recently updated in October 2021. This Guide provides optional
notations and technical specifics that reflect current industry practice and DP technologies.
Additionally, ABS offers multiple DP class notations (DP-1, DP-2, and DP-3), which signify the
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level of redundancy and performance standards met by a vessel's DP system. The guide covers
ABS requirements for DP systems with the following features:

e Enhanced system (EHS) notations to recognize design features beyond current DPS-series
notations which provide flexibility to owners and operators. Four separate enhanced
notations are provided as follows:

o Enhanced Electrical System (EHS-E): This notation covers the requirements for
the electrical and power management systems that are beyond those for the DPS
series notations.

o Enhanced Power and Thruster System (EHS-P): This notation covers the
requirements for the power system and thrusters that are beyond those for the DPS-
series notations.

o Enhanced Control System (EHS-C): This notation covers the requirements on
the DP control systems including control computers, position reference systems and
sensors, which are beyond the minimum requirements for DPS-series notations.

o Fire and Flood Protection System (EHS-F): This notation covers the
requirements for fire and flood protection considering the risk level of the areas.
This is a supplement for a DPS-2 system. It is not necessary for a DPS-3 system,
since a DPS-3 system has higher requirements in this regard.

e Station keeping performance (SKP) notations recognizing DP capability and to encourage
robust design of the DP system.

o Notation SKP is for the station keeping assessment for given limiting
environmental conditions and the assessment results meet the requirement of this
Guide.

o Notation SKP (a,b,c,d,e,f) provides more information other than limiting
environmental conditions in terms of probability that the vessel can remain on
station for a given site environment.

e Increased level of detail on the technical requirements to guide less experienced users.

e Details of vessel type specifics to reflect industry need.

e Requirements for testing comparable with current industry practice.

Table 1:ABS Class Equivalent Notation

IMO Class 1 Class 2 Class 3

ABS DPS-1 DPS-2 DPS-3

ABS  Enhanced  System EHS-E EHS-E

notations EHS-P EHS-P
EHS-C EHS-C
EHS-F

ABS Station keeping SKP

performance (SKP) notations SKP(a,b,c,d,ef)

5.4.2. Insight into the Certification Process for DP Vessels and Equipment

Compliance verification and certification processes involve independent assessment and
verification of a DP system's compliance with established regulations and standards. Classification
societies, such as ABS, DNV or BV, are often involved in providing classification and certification
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services for DP systems related to offshore wind projects. Verification involves reviewing design
documentation, conducting inspections and tests, and assessing compliance with applicable
regulations. Certification confirms that the DP system meets the required Rules and standards.
The certification process includes:

e Design Review: Classification societies assess DP system designs to verify compliance
with relevant rules and standards, ensuring that the systems are fit for purpose and meet
safety and reliability criteria.

e Type Approval and Equipment Certification: Classification societies evaluate and
certify DP equipment, such as sensors, control systems, and power supply systems, to
ensure their quality, reliability, and compliance with specific guides and international
standards.

e Installation and Commissioning: Classification societies provide guidelines for the
installation and commissioning of DP systems, including structural aspects, electrical
interfaces, and testing procedures, to ensure proper integration and functionality.

e Performance DP Testing: DP vessels undergo trials and testing to demonstrate their
operational DP.

e Periodic Survey: Classification societies conduct periodic survey of DP operations to
assess compliance with regulations and provide feedback on operational performance and
safety management systems.

6. Safety Considerations for DP Operations

Safety considerations for DP operations encompass a range of factors aimed at preventing
accidents, protecting personnel, and ensuring the overall integrity of the offshore wind project. In
addition to the design requirements, the following safety considerations should be included:

e Operational and weather limits: Establishing operational limits based on the vessel's
capabilities, prevailing weather conditions, and the project's specific requirements. This
ensures that DP operations are conducted within safe parameters.

e Collision avoidance: Implementing collision avoidance measures, such as utilizing radar,
AIS (Automatic Identification System), and other sensors to detect nearby vessels and
structures, and employing appropriate maneuvering protocols to maintain a safe distance.

e Subsea hazard avoidance: ldentifying and avoiding subsea hazards such as pipelines,
subsea cables, and other underwater structures that may pose a risk to DP operations.

e Safe access and egress: Ensuring the safe transfer of personnel and equipment between
vessels and offshore structures, employing appropriate gangway systems, and enforcing
strict safety protocols during transfer operations.

6.1. Emergency Response Planning and Procedures

Emergency response planning is crucial to mitigate potential risks and address emergencies
effectively. It involves:
e Establishing emergency response plans: Developing comprehensive written plans that
outline procedures for different emergency scenarios, including loss of position, power
failure, fire, personnel evacuation, and pollution incidents.
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e Training and drills: Conducting regular training sessions and emergency drills to ensure
that personnel are familiar with emergency response procedures and can carry them out
efficiently. This includes training for DP operators, crew members, and other personnel
involved in offshore wind operations.

e Communication and coordination: Establishing effective communication channels
between the DP control room, vessel crew, and relevant authorities to facilitate quick and
coordinated response in emergency situations.

6.2. Risk Assessment and Mitigation Strategies

Conducting comprehensive risk assessments helps identify potential hazards and develop effective
mitigation strategies. Key steps include:

e Hazard identification: Identifying potential risks and hazards associated with DP
operations, including vessel collisions, equipment failures, extreme weather conditions,
and human error.

e Risk analysis: Analyzing and quantifying the likelihood and consequences of identified
risks to prioritize mitigation efforts.

e Mitigation strategies: Developing strategies to reduce or eliminate identified risks. This
may involve implementing safety barriers, contingency plans, and operational procedures,
as well as addressing human factors through training and competency assessments.

e Ongoing monitoring and review: Continuously monitoring and reviewing risks to ensure
that mitigation strategies remain effective and adapting them as necessary.

7. Class Perspective on Technical Solutions to Manage System Complexity

The demand for vessels to support offshore wind farm installations, maintenance, service, repairs,
and crew transfer is increasing. Globally the total number of vessels required will increase 500%
in 2025 compared to those required in 2018 [17].

New vessels need to meet the performance and capacity requirements of their intended operations.
From the existing fleet, high specification subsea vessels can be modified by adding DP
capabilities to facilitate the operation such as the Walk to Work offshore access gangway.

ABS has worked with owners and designers on strategies for simplifying and optimizing vessel
designs.

7.1. Vessels Supporting Offshore Wind Farm Development

The offshore wind farm industry is vessel intensive. The figure below lists examples of the types
of vessels that perform activities to support the life cycle of the offshore wind farms.
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¢ Survey Vessel

Survey and Dredging « Dredgers

¢ Crane Barge

o Wind Turbine Installation Vessel (WTIV)
and Jackup Vessel
¢ Crane Barge and Heavy-Lift Vessels

¢ Supply Vessel and Heavy Transport Vessel

e Liftboat, Feeder Jackup

¢ Feeder Barge

¢ Crew Transfer Vessel (CTV) and W2W Vessel

Transportation/Feeder

. * Cable Laying Vessel
Cable Laying + Cable Laying Barge

. . ¢ Heavy Maintenance Vessel (Jackup heavy lift vessel)
Operation and Maintenance * Service Operation Vessel (SOV)

¢ Crew Transfer Vessel (CTV)

Figure 1:Examples of Vessels that Support Offshore Wind Farm Life Cycle

7.2. Strategies to Manage System Complexity

To effectively manage system complexity in DP designs for offshore wind farms, the following
strategies can be explored:

Modular and scalable designs: modular designs enable flexibility in accommodating
future expansions or changes in operational requirements. As the offshore industry evolves,
the ability to easily upgrade or add components ensures that DP systems can keep pace
with technological advancements and operational needs without major overhauls or costly
replacements. Also, modular designs increase cost efficiency by reducing downtime and
minimizing the overall cost of system upgrades. Instead of replacing the entire DP system,
specific components can be replaced or upgraded as needed, resulting in significant cost
savings compared to full system replacements.

Furthermore, modular designs simplify maintenance and enhance serviceability. With
easily replaceable or upgradeable modules, maintenance activities can be performed more
efficiently, reducing operational downtime and improving maintenance turnaround times.
This results in increased operational availability and reduced maintenance costs.

Modular designs allow for scalability, meaning that DP systems can be easily scaled up or
down to accommaodate the changing needs of offshore operations. This flexibility to adjust
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the system's capacity, power, or functionality ensures that DP systems can adapt to different
vessel sizes, environmental conditions, or operational requirements.

Modular designs often utilize standardized interfaces and plug-and-play capabilities, which
facilitate seamless integration of modular components. Standardization ensures
compatibility between different components from various manufacturers. This streamlines
the integration process, reduces complexity, and allows for faster installation and
commissioning of new components or modules.

e Integration of advanced automation and control systems: Advanced automation and
control systems can streamline DP operations and reduce complexity. The integration of
intelligent decision-making algorithms, machine learning techniques, and autonomous
features can optimize DP system performance, maintain stability, and reduce human
intervention.

e Simulation and modeling tools: Advanced simulation and modeling tools can assess DP
system behavior, evaluate performance under various conditions, and identify potential
design improvements. Simulators and virtual testing environments facilitate system
optimization, training, and scenario-based analysis, thereby reducing real-world risks and
complexities.

o Effective communication: Effective communication involves establishing clear channels
of communication among various stakeholders, including system designers, operators, and
maintenance personnel. Regular collaboration and coordination ensure a shared
understanding of system requirements, operational limitations, and maintenance
procedures. Operators and crew members need to receive timely communication regarding
system status, alarms, and critical information, enabling quick decision-making and
appropriate responses during DP operations. Open lines of communication between the
vessel's crew, DP system suppliers, and support teams facilitate troubleshooting, system
updates, and addressing potential issues.

o Data communication: Computer-based systems where used for control, monitoring,
safety, or internal communication systems are to comply with the applicable requirements
[18]. Due to the high level of communication inter-dependency between computer-based
systems in DP applications, appropriate measures should be taken to minimize risks
associated with network communication failures. For example, the electrical power system
should be designed with resilience built in to allow generation, distribution, and control
schemes to operate seamlessly in the event of network communication failures [3].

e Cyber Security: The marine and offshore environments include pervasive information
technology (IT), and extensive and growing numbers of cyber-physical systems (CPS). The
result is that general-purpose systems are frequently connected to special purpose process
control systems, exposing control systems to security incidents that can have operational
consequences. Many lessons in cyber security management have been learned from
practitioners in other industries who have gained and shared valuable experiential
knowledge on this subject [19].

7.3. Case Study Illustrating Innovative Technical Solutions

This section presents a case study that showcases innovative technical solutions developed in
collaboration with ABS.
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7.3.1. Self-Elevating Wind Turbine Installation Vessel (WTIV)

The WTIV is a self-elevating unit with the capability of transporting multiple turbines. This unit
is self-propelled and capable of dynamic positioning. Because wind farm installation operations
are conducted in elevated conditions, the vessel should have the crane capacity and reach to enable
installation of large components for the on-site water depths and metocean conditions. [17]

The current worldwide fleet has an average leg length of 85 m, allowing them to operate at water
depths of approximately 45 m. Upsizing trends are in play, as some vessels that are under
construction are designed to operate in water depths of about 60 m .

The existing WTIV fleet has crane capacities from 800 tons to 1600 tons and leg length between
72 mand 106 m. To install the jacket foundation of an 8 MW turbine in 55 m of water, the WTIV
will require a 1,500-ton crane with an outreach of 25 to 30 m. This is at the upbound capacity of
the existing fleet. Figure 2 shows an example of a wind turbine installation vessel.

The new WTIVs can install larger turbines of 9 MW and above, with crane capacities ranging from
1,600 to 3,000 tons, and capable of lifting to the increased turbine heights. They operate at depths
from 65 m to 80 m, with accommodation for 100 - 130 persons. Their deck spaces are also
increasing to transport multiple larger turbines.

Figure 2:First Jones Act compliant WT1V, Dominion Energy's Charybdis, will be built to ABS Class.

For operation at the U.S. East Coast Wind Energy Area (WEA), the WTIV has four legs of a length
range from 100 to 110 m. The unit will move and jack frequently. The design includes
arrangements for 100 - 130 personnel on board (POB), including crew and industrial personnel.
The industrial personnel will work on the unit performing the wind farm installation duties.

The Jones Act compliant vessel’s modes of operation include port to site and site to site. The vessel
must be compatible with available and future port facilities. The Jones Act requires vessels to be
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built in the US, US Owned (by 51% or more) and US crewed. Due to the length of legs fora WTIV
capable of installing turbines in a water depth of 65 m, vessels must have access to ports without
overhead obstructions or concerns with air draft.

The first ever Jones Act compliant WTIV will be built to ABS Class. Now under construction by
Keppel AmFELS for Dominion Energy, the 472-foot vessel is designed to handle turbine sizes of
12 MW or larger and will also be capable of the installation of foundations for turbines and other
heavy lifts. To be named Charybdis, the vessel will have accommodation for up to 119 crew and
wind farm technicians. Port of Virginia has no restrictions on horizontal clearance limits or air
draft and will serve as the base for Charybdis.

Charybdis will be equipped with a seven-thruster system, dual DP controller (DPC) and
independent joystick to maintain the station keeping position. In addition, the DPC has dual power
supplies with two UPSs. The position reference system contains DGPS, transponder, laser-based
relative positioning reference sensor, (Gyro and MRU) and wind sensors. The DP capability
analysis of the vessel is based on calculations and simulation using Kongsberg Maritime AS
computer software.

The simulation results define the worst-case scenarios and provide precise wind speed and thrust
utilization envelopes based on the limiting weather condition at most unfavorable wind direction,
waive height and current speed provided by the client.

The vessel is anticipated to receive a notation SKP which is subject to ABS approval.

This real-world example demonstrates successful applications of DP technology and highlight
advancements in control systems and algorithms, positioning sensors Power Supply and thruster
solutions.

8. Conclusion

In conclusion, offshore wind projects have become a crucial source of renewable energy that
requires efficient and safe deployment of resources in challenging marine environments. DP
systems play a pivotal role in the successful execution of these projects by enabling logistic vessels
to maintain a stationary position and heading without relying on traditional anchoring methods.
DP technologies offer increased operational flexibility, reduced installation time, and enhanced
safety during offshore wind farm development and maintenance. As offshore wind farms expand
into deeper waters and harsher environments, the demand for advanced DP capabilities becomes
increasingly critical.

This paper explores the advancements in DP systems that leverage existing offshore industry
experience to address specific challenges such as system complexity, power supply, and
environmental conditions. This paper has presented showcases of the latest technological
developments and provided insights into DP system design and regulatory requirements.
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DP systems enable vessels to accurately hold their position and heading, facilitating precise
positioning of turbine installation equipment, cable-laying vessels, and maintenance craft. This
paper describes the technological advancements in DP systems including the evolution of DP
control algorithms, integration of sensor systems for enhanced positioning accuracy,
implementation of redundancy and fault tolerance mechanisms, and the utilization of data analytics
and machine learning. These advancements allow DP systems to adapt to varying environmental
conditions, increase overall system reliability and safety while reducing human intervention.

9. Acknowledgements

We would like to express our gratitude to the people at ABS from the technology department for
their effort and feedback during the development phase and in the preparations of this paper. The
authors appreciate the work of the technology team and the comments from co-authors. Their
contributions have significantly improved this paper.

10. References

[1] F. B. Ivar Ihle, "Dynamic Positioning Systems for the Offshore Wind Industry,” in Dynamic Positioning
Conference, Houston, 2018.

[2] Y.T.,.C-L.S.,.M.B.0O.C.V.a.J. M. G. Mojtaba Mehrzadi, "Review of Dynamic Positioning Control in
Maritime," Energies, vol. 13, no. 3188, p. 22, 2020.

[3] ABS, "Guide Dynamic Positioning Systems," ABS , Houston, 2021.
[4] USCG, "Introduction to DP systems," 20109.

[5] USCG, "DP SYSTEMS OVERVIEW," [Online]. Available:
https://www.dco.uscg.mil/OCSNCOE/DP/Overview/. [Accessed 2023].

[6] M. T. Society, "DP Vessel Design Philosophy,” 2019.
[7] MO, "MSC.1/Circ.1580," 2017.

[8] O. Engineering, "Offshore Engineering," [Online]. Available: https://www.offshoreengineering.com/dp-
dynamic-positioning/dp-position-reference-systems/. [Accessed 2023].

[9] a. K. P.Mirostaw Tomera, "Control of Dynamic Positioning System with Disturbance Observer for
Autonomous Marine Surface Vessels," Sensors, vol. 21, p. 24, 2021.

[10] D. Russell, "Integrating INS and GNSS Sensors to Provide Reliable Surface Positioning," 2012.

[11] D. T. N. G. H. Simen Sem @vereng, "Dynamic Positioning using Deep Reinforcement Learning,” Ocean
Engineering, vol. 235, p. 11, 2021.

[12] I. M. 1. R. 1, "Guidelines for Design and Operation of Dynamically Positioned Vessels," 2007.

[13] IEC, "IEC 60812 : Analysis techniques for system reliability - Procedure for Failure Mode and Effects
Analysis," 2018.

[14] DNV, "DNV-RP-E307- Dynamic positioning systems - operation,” 2021.

[15] B. V. M. &. Offshore, "Rules for the Classification of Offshore Units -Pt A, Ch 1, Sec 2," 2019.

[16] L. Register, "LR Rules for the Classification of Offshore Units - Part 6, Chapter 4," 2022.

[17] ABS, "Offshore Wind Report : Positioning For U.S. Expansion:U.S. Ports And Vessels Innovation," 2021.
[18] ABS, "Rules for Building and Classing Marine Vessels, Part 4," ABS, Houston, 2023.

[19] ABS, "Guidance Notes On The Application of Cybersecurity Principles to Marine and Offshore Operations,
ABS CyberSafety™ Volume 1," ABS, Houston, 2016.

MTS DP Conference - Houston October 10 - 11, 2023 Page 15



