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Abstract

The dynamic positioning system (DPS) marked its 50th anniversary in 2011. Although the
fundamentals of the DPS remain the same, there have been very significant advances in DPS
technologies and applications. Over the years, many guidelines have been published by members
of the industry, such as MTS and IMCA. And classification rules as well as regulatory
requirements have been updated periodically. This paper presents the development work of ABS
Guide for the DP system focusing on two new optional class notations: enhanced DP system
(EHS) notation and station keeping performance (SKP) notation.

Driven largely by the industry, many innovations and advanced technologies have been
developed to improve equipment reliability. The most noteworthy are equipment protection,
quick blackout recovery and a more robust redundancy concept. The enhanced system notation
reflects the application of these technologies in DP systems. It also recognizes the enhancement
of the position references and fire and flood tolerance.

The station keeping performance notation reflects the application of established procedures for
assessing station keeping performance. The Guide provides procedures that form a common
ground for carrying out the analysis and reviewing and approving the results for station keeping
performance. The procedures consider for environmental conditions, load calculation, available
thrust calculation and acceptable criteria.

ABS recently has published a classification guide for Integrated Software Quality Management
(ISQM) and a guide for System Verification (SV). ISQM facilitates validation of the integrated
control system by clearly defining the requirements, verification testing, responsibilities and
software risk mitigation. The system verification provides detailed requirements and methods for
carrying out system testing. The application of ISQM and SV for DP systems also is presented in
this paper

1 Introduction

Over the last 15 years, ABS has seen the rapid growth of DP vessels demand. Figure 1 depicts the
number of DP vessels classed with ABS. Expansion has been characterized not only by the
number of DP vessels, but also by the following:

 Wide range applications of the DP system
 New members (owners, designers, ship yards, equipment suppliers, etc.) entering the DP

field
 Advancement of DP technologies.

Over the years, industry has been innovative in improving the reliability of DP equipment and
design of DP systems. The following advancements have all contribute to a more reliable DP
system.

Robust redundancy concept: Instead of using two split systems, DP system redundancy is based
on multiple independent systems. Each system provides partial required capability, and in
combination with other systems, together provides required station keeping capability. The
benefit of the robust redundancy concept is smaller loss of station keeping capability when a
failure occurs, which improves system reliability.
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Figure 1: Number of ABS Classed DP Vessels

Grid interconnector technology: This technology allows each thruster to receive a continuous
dual feed from both main switchboards. Hence the worst case failure could be the loss of one
thruster only.

Autonomy and design decentralization: Generator sets and thrusters are independent in terms of
auxiliary support services and control functions. This innovation reduces blackout recovery time
and the consequence of a failure.

Advanced generator protection system: Generators are protected with additional functions which
are especially important when operating in closed bus. For example, it could identify a faulty
generator and open the bus-tie if the faulty generator fails to trip.

Advanced thruster system: This innovation offers a high level of thruster independence, fast
feedback and faulty ride through capability. The system could help in preventing blackouts and
minimize consequence when a blackout does occur.

Quick automatic blackout recovery: Over the years, blackout recovery time has been reduced
significantly through robust autonomy design and advanced thruster systems. It has been
demonstrated that [1] for a 6th generation power plant, recovery takes about 18 seconds, while it
normally takes about 60 seconds for an older system. The key elements for the rapid recovery are
high-level independent systems, pre-charge from battery and emergency power for auxiliaries,
pre-magnetizing the transformers. Because thrusters are ready independently of the generator,
thrusters and the generator recover in parallel.

While these DP technologies have been used in some current DP systems, current IMO guidelines
and ABS DPS rules do not address these features.

Current ABS DPS rules offer four DPS-series notations: DPS-0, DPS-1, DPS-2 and DPS-3.
DPS-1, DPS-2 and DPS-3 are in line with IMO equipment classes of DPS 1, DPS 2 and DPS 3,
respectively. They can be described simply as:

 Equipment class DPS 1: Systems do not need redundancy
 Equipment class DPS2: Systems have redundancy for the active components
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 Equipment class DPS 3: Systems have redundant equipment and are physically separated
with fire boundaries and flood tolerance boundaries.

One of the shortcomings of the current equipment classes is that they do not necessarily foster
innovation that would lead to improved DP system reliability. Another shortcoming is that he
equipment classes do not have a direct link to the station keeping capability of the DP vessel. The
station keeping capability normally is assessed through a capability plots approach.

The lack of detailed specifications and recommendations for DP capability plots leads to a
number of issues:

 Different level of consideration of thruster efficiency
 Failure modes in DP capability plots may not be consistent with that in FMEA
 Capability plots with unrealistic environmental conditions
 Inconsistent documentation of capability plots

In addition, directly using a set of capability plots makes comparisons between vessels
cumbersome.

With these issues in mind, ABS initiated development of the DPS Guide wherein the enhanced
DP systems are recognized through optional notations. The Guide also addresses station keeping
assessment criteria, which is lacking in current Guidelines and classification rules.

The Guide also recognizes the flexible level of fire and flood tolerance design based on the level
of risk. A higher redundancy level for control systems, position reference systems and sensors
also are encouraged through optional notation.

The Guide allows closed bus operation, but provides guidelines for system protection, quick
blackout recovery, limiting environmental condition, as well as operation condition. .

Further to the improvement of the reliability and operability of the DP system, the ABS Guide for
Integrated Software Quality Management (ISQM) and ABS Guide for System Verification (SV)
can be applied to the DP system to minimize the risk of software failure with integration and
software itself.

2 Enhanced System (EHS)

An enhanced system notation (EHS), as supplement information for DPS-series notations, can be
assigned to a DP system. The main objective of the optional notations for enhanced system is to
encourage improved reliability, operability and maintainability of the DP system. EHS recognizes
the designs that are beyond the requirements of current DPS-series notations. It also formalizes
industry practice where technologies have been adopted in the system. EHS is partially beneficial
to a DP system that may have a closed bus configuration for operation.

The enhanced system notations mainly emphasize the following properties of the DP system:
 Robust design of power plant and thruster system: Autonomous generator set and

thruster set should be maintained for simplicity, quick recovery and reliability.
 Advanced protection systems for generators and thrusters: Failure detection and

discrimination of failed components before a full or partial blackout situation occurs.
 Quick automatic blackout recovery: To improve reliability and reduce consequences of a

failure
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 Robust position reference system and sensor system: For increased availability and
reliability.

 Fire and flood protection based on the risk levels of the hazards.

The Guide provides three separate enhanced notations. The separate enhanced system notations
provide owners with the flexibility for selecting the notation that is the best fit for their design.

 Enhanced Power Plant and Propulsion System (EHS-P): This notation covers the
requirements on the power system and thrusters that are beyond the minimum
requirements for DPS-series notations. This notation also provides the basis for closed
bus operation.

 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.

 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 mainly applicable to
the DPS-2 system. It is not necessary for DPS-3 system since DPS-3 system has higher
requirement in this regard.

Table 1 lists the equipment requirements for each optional notation.

Enhanced Power Plant and Propulsion System (EHS-P)

The enhanced power plant and propulsion system notation is applicable to both DPS-2 and DPS-3
system. The notation opens for standby start, closed bus operation, and transferable generators,
which is beneficial to the environment, flexibility and maintainability.

The DP system should meet all of the requirements for DPS-2 or DPS-3. In addition, the system
should meet the requirements outlined below.

Power system:
The generator set should be autonomous and be able to operate independently from the systems
that are not directly connected to it. An advanced generator protection system should include
protection implemented in several layers so that there is backup in case a protection method fails.

 Defined zones with inherent protection so failures can be handled locally and quickly,
preventing failure propagation.

 Local generator protection with monitoring of each generator and local control, including
a model of the generator that permits the local control to estimate expected behavior and
take action or alarm if the generator is behaving differently from what is anticipated.

 Recognize failure without having to compare it to other generators
 Close continuous monitoring with the ability to reveal failures before they reach a critical

level or affect system performance.
 Monitoring and control of load balance and fast load limitation system.
 Responses and actions taken fast enough to prevent unwanted system behavior and

blackouts/brownouts.
The notation requires a robust design approach focusing on system behavior that eliminates
transient disturbances, provides fault resistant components and simplifies interfaces between
system components.
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Table 1 DP System Requirements for EHS Notations
Subsystem or
Component Equipment

Equipment Requirements for each Class Notation (ABS)

EHS-P EHS-C EHS-F*

Power System

Generators and
Prime Movers

Redundant

Meet DPS-2 or
DPS-3 requirements

Separate compartments,
A60 for high fire risk

area. Watertight below
damage waterline

Auxiliaries
Autonomy generator

set

Main Switchboard 2 with bus-tie
A0 between redundant

switchboards. Watertight
below damage waterline

Bus-tie Breaker 2

Distribution System Redundant
A0 separation. Watertight
below damage waterline

AGP Yes
Power Management Yes Yes

Thrusters

Arrangement of
Thrusters

Redundant
A0 separate

compartments

Auxiliaries
Autonomy thruster

set

Control

Auto Control:
Number of Control

Computers

Meet DPS-2 or
DPS-3 requirements

2 + 1 in alternative
control station

A0 separation for
controller spaces

Manual Control:
Joystick with Auto

Heading
Yes (DPS-3)

Separate space for control
station, no A0 bulkhead

required

Data logger Yes

Sensors

Position Reference
Systems

3 + 1 in alternative
control station

External
Sensors:

Wind
VRS
Gyro

3 + 1 in alternative
control station

UPS
2 + 1 in separate

compartment
Consequence Analysis Yes

FMEA Yes

*EHS-F notation is mainly for DPS-2 system. It is not necessary for DPS-3.
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Thruster system:
The Guide requires that the thruster set should be autonomous and be able to operate
independently from the systems that are not directly connected to it. Independence also entails the
ability to monitor system behavior and cut back thrust if necessary, without relying on the DP
control system.

To prevent power plant instability, variable frequency drives for the thrusters should facilitate fast
phase back. During drilling operations, phase back of the drilling system should be implemented.
Fault ride through capability should be implemented as a basic design requirement for all parts
connected to the DP system.

Blackout recovery:
The Guide provides guidelines on a more robust blackout recovery. It requires that the power
management system should be able to re-establish propulsion capability automatically without
any human intervention in 60 seconds. Within 60 seconds after blackout, the system should be
able to provide power to maintain position and heading keeping ability, and the DP control
systems should be ready for operation.

Enhanced Control System (EHS-C)

EHS-C is applicable to DPS-2 and DPS-3 series notations. This notation recognizes the higher
level redundancy and availability of the position reference systems and sensors. According to
IMCA incident reports from 1994 to 2007, about one-third of reported losses of position were due
to position reference and sensors incidents (see Figure 2). The increase of the reliability and
availability of position reference systems and sensors is an important part of the DP system.

Table 1 provides the minimum required number of position reference systems and sensors. In
addition to a focus on the number of systems, the Guide requires that the position reference
systems and sensors should have diversity in principal and providers. Care should be also paid on
the suitability of the systems for designed operations.

DP Computer

Environment

Power Generation

Operator Error

References

Thruster

Electrical

Incidents that led to loss of position

1994-2007

DP Computer 62
Environment 40
Power Generation 50
Operator Error 89
References 103
Thruster 76
Electrical 22
Total 442

Figure 2: Incident of Loss of Position
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Fire and Flood Protection (EHS-F)
EHS-F is applicable to DPS-2 system but is not necessary for a DP-3 system because DPS-3 has
higher requirements for physical separation. This notation promotes fire and flood tolerance
design with consideration of level of risk.

In general, physical separation should be provided between redundancy groups – A60 separation
for machinery spaces of high fire risk and A0 for other locations. Watertight bulkhead separation
should be in placed below damage waterline. Table 1also summarizes the requirements for
physical separation.

Closed Bus and Standby Start Operation
The DP system with EHS-P notation could have flexibility of closed bus operation and
dependence on standby systems as redundancy. However the owner should evaluate the risk
consequences of closed bus operation. It is recommended that the bus tie remain open for the
following operations:

 Most critical operations for all vessel types
 Operation with in 500m activity zone
 Operations of logistics support.

For operations in which the closed bus configuration is feasible, care should be taken regarding
the following limitations:

 Environmental condition should be benign so that quick blackout recovery will help to
avoid a loss of position if blackout occurs.

 The running system should have spinning reserves that is more than 50% needed capacity
after the worst case failure.

Summary
The goal of enhanced system notation is to formalize industry practice and to encourage higher
design standards for DP systems. It provides greater multi-level flexibility in DP system design
and operation.

3 Station Keeping Performance Assessments (SKP)

Station keeping capability should be verified through analysis for the design environment
conditions after addressing design redundancy and generator and thruster selection. The DPS
Guide provides procedures for carrying out such analysis.

Analysis can be separated into two categories: verifying DP capability for a specified design
environment conditions and, establishing the limiting environments for a given DP system.
Results for the first type of analysis normally is represented by thrust utilization plot (see figure
3), while the second type of analysis is represented by a traditional capability plot (see Figure 4).
In Figure 3, the radius stands for the percentage of thrust utilization and in Figure 4, it stands for
wind speed.

For these two types of analysis, the Guide provides separate notations to register the analysis
results.

For both types of analysis, the Guide provides procedures for calculating environment forces,
moment and available thrust. Thruster degradation due to interactions between thrusters, thruster
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and hull, thruster and current should be taken into account. Figure 5 illustrates thruster
degradation due to these interactions.

Figure 3: Thrust Utilization Plot Figure 4: Capability Plot

The Guide requires that the analysis should be carried out for normal operating conditions and for
standby conditions where applicable.

For each loading condition, the analysis should include all thruster intact conditions and the worst
case failure condition, which is determined from FMEA report.

One thruster All thrusters

Figure 5: Thruster Degradation for a Semi-submersible
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SKP Notation
SKP indicates station keeping performance has been verified through analysis for the design
environmental conditions.

For SKP notation, the station keeping analysis should be carried out for a given (design)
environment condition to demonstrate the capability of the DP system. Environment conditions
can be provided as significant wave height, characteristic wave period, wave spectra, wind speed,
current speed and corresponding directions.

The analysis approach can be a quasi-static or dynamic simulation. The analysis should include
the co-linear condition of wind, wave and current as well as specified directions by the owner.
The analysis results should be presented as a thrust utilization plot. A 20% safety margin should
be considered for the quasi-static analysis approach and 10% for dynamic analysis approach. It is
recommended that each new DP system undergo this assessment process to verify the design
environment conditions.

SKP (a,b,c,d) Notation
SKP(a, b, c, d): DP station keeping performance for a given environmental location.
a: The probability that the ship can remain on station when subjected to a set of environmental
conditions with all thrusters operating
b: The probability that the ship can remain on station when subjected to a set of environmental
conditions with the worst case failure condition
c: Current speed in knots (Owner specify or typical 1.5 kt)
d: Environment location (Owner specify or typical North Sea)

For example, SKP(95, 75, 2, North Sea) stands for 95% of the time the vessel can remain on
station at a current speed of 2 kt, North Sea wind and wave conditions, with all thrusters
operating. And for 75% of time, the vessel can remain on station at a current speed of 2 kt, North
Sea wind and wave conditions, with a worst case failure condition.

SKP (a,b,c,d) provides more information than SKP. It is another way to demonstrate station
keeping performance. It could be used for comparison purposes between vessels. SKP (a,b,c,d)
presents the summary results from traditional DP capability plots in a probability manner. There
are specific requirements for environment:

 Co-linear condition of wind, wave and current
 Relationship between wave height and wind speed has to be established.
 Probability of no exceedance wind speed need to be provided.

Summary
DP station keeping performance is one of the most important elements of the DP system.
Increased understanding of DP capability is important for the safe operation of DP systems.
However, gaps exist between predicted DP capability and actual capability in operation
conditions. The station keeping performance notations provide consistent measurement and easy
identification of the DP capability.

4 ISQM and SV for DP system

Software is one of the essential components in computer-based DP systems that DP vessels rely
on heavily. For the DPS-series notations, although FMEA and proving sea trials are required for
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verification of the DP control and power management systems, the scope of software testing and
verification for the systems is very limited.

The ABS Guide for Integrated Software Quality Management (ISQM) and Guide for System
Verification provide guidance for higher level requirements for software verification.
The ISQM process verifies the successful software installation on the facility and then monitors
for consistency when there are software updates or a change in hardware. ISQM provides a
process for managing software over the vessel life.

While the scope of ISQM varies with system complexity, ISQM is applicable to any system that
relies on software. It is most beneficial for an integrated system where negligence inconsistencies
often occur in the interfaces and during integration.

The DP system is an integrated system that includes the power system, thruster system, DP
control system, human-machine interface, auxiliary system and etc. ISQM facilitates validation of
the interfaces between each sub-system by clearly defining the requirements, verification testing,
and responsibility. Compliance with the procedures and criteria given in the Guide can result in
the granting of the optional notations ISQM for DP system.

The SV process ensures the verification method, procedures and the scope of the verification for
an identified system. For a DP system, the Guide for System Verification provides method and
procedures for software verification of DP control system and DP power management system.
Compliance with the requirements given in the Guide can result in the granting of the optional
notation of system verification for DP control system SV[DPCS] and system verification for DP
power management system SV[PMSDP].

Owners interested in seeking these notations can refer to the Guides for detailed requirements.

5 Summary

Driven largely by the industry, ABS has worked to develop classification Guides for DP systems,
which will be published in October of this year.

Guide highlights include:

 Detailed specifications to help new users.
 More definitions for common understanding and clarification
 Specific requirements for documentation for completeness and clarification
 Details on defining redundancy concepts and requirements for DP system design.
 Improvements to testing, proving sea trials and annual surveys to be comparable with

industry practice.
 Detailed specification for individual vessel types.

The two most significant developments presented in this paper are the enhanced DP system
(EHS) notation and the station keeping performance (SKP) notation. Both Notations are optional
and supplemental to the DPS-series notations.

The main objective of the EHS notation is to encourage improved DP system reliability,
operability and maintainability. These notations recognize the designs that are beyond the
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requirements of current DPS-series notations. EHS is especially beneficial to the safety of
operations in a closed bus configuration.

The station keeping performance notation (SKP) promotes consistent and systematic assessment
of station keeping capability. It includes verifying DP capability through analysis for the design
environment conditions and the capability to assess general conditions for easy comparison.
Although it is difficulty to validate DP capability through sea trials, thorough analysis with the
improvement of analysis tools is one step forward toward reliable assessment of station keeping
performance.

Optional notations of ISQM and SV for DP systems promote a higher level of verification of the
software used in the DP system. ISQM and SV have the potential to reduce non-productive time
due to software issues and to reduce the time and effort required during commissioning.
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