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Abstract

This paper will present research performed to assess the potential benefits of higher performance thrusters,
and if the expectations are met for DP operations. A common expectation of the industry is that enhanced
thruster performance, e.g., faster rotation and ramp times, leads to improved station keeping. However, this
is not always the case. On a modern DP vessel, there are many factors that impact station keeping, the most
significant ones being the power plant characteristics and the DP system functionality.

Results from operations and analysis brings forth a significant nuance: higher performance thrusters do not
guarantee better station-keeping capabilities. When an Industrial Mission has requirements for tight station
keeping, vessel performance and the specification of its actuators must consider the full picture. This paper
provides some input to the question: How is the correlation between higher thruster performance and DP
capabilities?

Abbreviation / Definition

CSov Commissioning Service Operation Vessel
DP Dynamic Positioning
IMCA International Maritime Contractors Association
MPM Most Probable Maximum
PRS Position Reference System
RPM Revolutions Per Minute
Introduction

The development of dynamic positioning is mainly focused around two objectives, namely filtering of 1%
order wave motions and state estimation to handle erroneous sensor inputs. Since its first application in the
1960’s, with simple station-keeping systems, to the revolutionary introduction of the Kalman Filter in 1977,
there has been a continuous development of ship design, propulsion units, power system, sensors, and the
DP control system itself. Before and during the industrial mission of a DP vessel, it is crucial to assess the
vessel’s capability and reliability. With the development of permanent magnet thrusters, there has been a
remarkable improvement in response time of conventional thrusters, and this study seeks to find out how
thruster responsiveness affects DP performance.

The DP control system can be described as a combination of an estimator and a thruster allocator. The
estimator comprises various functions that calculate the forces acting on the vessel and determine the
necessary demand to counteract these forces. The thruster allocator then uses this demand to calculate the
setpoints for the thrusters, considering user, mechanical, and electrical limitations.

The primary goals of a modern DP system are reliability, stability, and efficiency. One typical function of
the DP system is to minimize the rotation and ramping of thrusters, as these actions can destabilize the
power plant and cause additional wear and tear on mechanical equipment. Over time, reducing fluctuations
in mechanical equipment has been shown to extend its lifespan. Additionally, the DP system is usually
tuned to maintain station keeping within a certain offset. Other considerations for station keeping include
adjusting controller gain and relaxing the operating area to allow for reduced response to offsets, which can
improve efficiency at the expense of some precision.
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One important aspect of high-performance thrusters is the reduced need to run thrusters in bias mode.
Historically, thruster biasing is mainly used to compensate for slowly rotating azimuth thrusters and to
reduce wear and tear, especially in calm weather. By enabling thruster bias, one has shifted the constraining
performance parameter from rotation to force responsiveness, at the cost of higher fuel consumption. With
new types of propulsion introducing less concern on wear and tear, and higher rotation rates reducing need
to shift control system response to force ramp, it is evident that the demand to run thruster biasing is
decreasing. In addition to energy savings related to disabling of thruster bias, one can also see improved
station keeping during transient phase of a failure situation.

When evaluating thruster performance, it is important to consider not only the thrusters’ capabilities and
lifespan but also how it will be controlled. For instance, during an industrial mission requiring station
keeping within the mechanical limits of other equipment (such as a drill string, pulling head, crane hook,
or gangway), the entire vessel must be considered. This paper will compare various combinations of thruster
characteristics in terms of ramp rates. It is also essential to consider the power plant’s capability, as fast-
acting thrusters often require a higher peak power rate to handle sudden energy demands when rotating or
ramping up quickly. This paper assumes that the vessels’ power plant is capable of providing the necessary
power to achieve the theoretical rates of the propulsion units.

Methodology

Influence of thruster characteristics on a vessels DP performance may be evaluated by various criteria,
based on requirements to position, heading, thruster utilization, rotational motions etc., depending on the
industrial mission of the vessel and operation. Assessing the DP footprint is in many cases the most critical
operational parameter, and can be evaluated from different reference points, such as midship, crane tip,
gangway, etc. This paper focuses on evaluating the midship position footprint and heading deviation across
different thruster configurations. Evaluating power usage and energy efficiency is also an important
benchmark parameter, and the overall power consumption during simulations is assessed in this study.

Assumptions

High performance thrusters are dependent on sufficient power supply to obtain the specified force ramp.
This paper disregards power management system limitations, and therefore assumes no constraints on
available power or power draw rate to the thrusters.

Position Reference System (PRS) accuracy is also an important parameter for DP performance. In this paper
all cases are simulated with noise free PRS measurements. However, the DP system, and specifically the
state estimator, is designed using default parameters intended for offshore application, and therefore
represents realistic responsiveness to vessel motion. Hence, it is assumed that adding white noise to the
PRS input would not lead to any significant difference in the results as the state estimator is already
configured to filter out noise.

Finally, the simulator setup does not include any delay associated with onboard interface between the
systems, such as analogue and digital inputs/outputs, and the study therefore assumes no delay on command
and feedback signals. By assuming equal system integration for all thruster configurations, it is expected
that degradation related to signal delay would have higher impact on results from faster thrusters, and thus
give more conservative variations in performance across the different cases.

In essence, from a control perspective this simulation is configured in a manner where external influences
cannot degrade the performance assessment of the control system with various thruster configurations.
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Simulation setup

Dynamic simulations in time domain are performed for this study. A hydrodynamic model of the vessel is
implemented in the simulator OrcaFlex and coupled to thruster models. The thrusters are coupled to a KM
proprietary DP control system, which sends RPM and azimuth commands to the thruster model. The DP
control system receives vessel sensor data, such as position, heading, orientation and wind speed/direction,
in addition to thruster RPM and azimuth feedback. A schematic drawing of the simulator setup is shown in
Figure 1.

Position, heading,
orientation
Wind sensor
Thruster RPM &
azimuth feedback

S

!l;llr

Thruster RPM
& azimuth command

Thruster
force and direction

Thruster model

Figure 1: Topology drawing of the co-simulation setup, illustrating signal flow between the OrcaFlex simulator, DP control
system and thruster model.

Vessel model

The vessel analysed in this study is based on hydrodynamic model of a Commissioning Service Operation
Vessel (CSOV), which has a double-ended hull with bow-shaped stern. The selection of this type of hull
for the study is due to its high degree of responsiveness to first-order wave motions, ensuring fast vessel
motion dynamics, which mirrors a challenging task for the DP control system.

Table 1: Overview of main characteristics.

Vessel Hull design | Length over | Breadth (B) | Draught (T) | Displacement | Block
type [-] [-] all  (LOA) | [m] [m] (A [t] coefficient
[m] [-]
Ccsov Double- 93 195 6.3 6550 0.61
ended
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Thruster model

For this analysis the vessel model is equipped with 4 thrusters as illustrated in Figure 2. The main
characteristics of the thrusters are summarized in Table 2. Thruster ramp rates, both force and rotation, is
given for each simulation case as described in Table 4. Acceleration and deceleration of RPM and azimuth
is disregarded in the model, meaning that ramp rate is defined as constant linear speed.

Thruster main
Hide
detail

Allocation mode  VARIABLE
Priority HDG
Free run

BowPorAzi1 BowStndAzi2
0.0° 0.0

RPH RPH
G EEEE

Resultant force 0 kN
Resultant direction 0.0°
Resultant moment 0 kNm
AftPortAzi3 AftSthdAzI4
Running 0.0 0.00
Rasay
| g KNForce
T
e T 0
k1) 0 RPM RPM
pespetent 0 |_op [ Y,

Figure 2: Screenshot of thruster overview on K-Pos DP control system

Table 2: Overview of thruster characteristics

Thruster type [-] | Propeller Max. power Max. force [KN]
diameter [m] [kW]
Azimuth 2.6 2000 282

Environmental conditions

The environmental conditions chosen for the simulation results presented in this paper are representative
of the relatively rough operational environments for these types of vessels. Significant wave height is set
to 2.0 meters, reflecting a typical sea state for offshore wind farm operations. Wind speed and wave
period are based on the IMCA specification [3]. Environmental conditions are summarized in Table 3, in-
line with DNV standards [1] [2]. All environmental forces are collinear and modelled to propagate from a
full 360-degree range, incrementing in 15-degree intervals.
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Table 3: Overview of environmental parameters.

Spectrum [-] JONSWAP

Hs [m] 2.0

Tp [s] 6.9
Wave Gamma [-] 3.3

Wave spectral directions [-] 5

Spreading exponent [-] 10

Spectrum [-] NPD
Wind Speed [m/s] 5.84

Reference height [m] 10

Type [-] Uniform
Current Speed [m/s] 0.5

Statistical modelling

A probability model of the vessels’ evaluation criteria is established such that the most probable
magnitude of a parameter can be derived. Gumbel probability distribution is applied, which is commonly
used for extreme value distribution of low-frequent dynamics. To establish the distribution, 10
simulations for each of the unique cases are carried out. The duration of each simulation is three hours.
The most probable maximum (MPM) value is the one that has the highest probability of occurrence.

Simulation case matrix

The study investigates the impact of thruster attributes on DP system performance. It specifically examines
the individual effects of azimuth change rate and force ramp rate. To accomplish this objective, the
parameters are adjusted independently. Comparative analysis is conducted between the outcomes of the
various thruster parameter configurations and a standard base case, which is set to typical characteristics of
a conventional azimuth thruster of this size. Table 4 presents all combinations of thruster
parameters/simulation cases. The base case is denoted as case number 0, characterized by an azimuth
change rate of 12 degrees per second and a force ramp time of 8% per second, equivalent to 12.5 seconds

to reach full force.
Table 4: Simulation case matrix

Variable | Case 0 (1 [ 2 |3 | 4 |5 IB
force Azi [°/s] 12

ramp rate | Force [%/s] | 8 10 12 14 16 18 20
Variable | Case 0 7 8 9 10 11 12
rotation | Azi [°/s] 12 15 18 21 24 27 30
speed Force [%/s] 8
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DP control system

Design of the DP control system parameters for this analysis is done using a generalized method without
any optimization for improved simulator response, meaning it is purely based on default system parameters
for this vessel type. By using such a method, we ensure that there is a comparable response across the
different thruster configurations, as the control system is not adapted to any specific thruster response. The
control system is configured so that it does not apply any limitation on force or azimuth ramp rates, meaning
that the thruster model handles the ramp rate limitation for each thruster configuration. The thruster
allocation method applied in the analysis is variable mode without any biasing. Forbidden zones to avoid
flushing downstream thruster in athwartship direction is included in the thrust allocation algorithm.

Results

MPM values of all criteria are presented relative to the MPM value of the base case, which is plotted in red.
Each entry in the plots is labelled based on the thruster characteristics of the case, with force ramp rate
[%/s] and azimuth change rate[°/s] in the parentheses.

Figure 3 shows the relative improvements in position keeping for the different thruster configurations. There
is no observed improvement in position keeping except for beam sea, in which quicker force ramp-rates as
well as quicker azimuth change- rates do give some improvements. However, improvements related to
faster azimuth change-rates is seen to saturate at 15 °/s.

A more significant improvement is observed when evaluating heading deviation, especially related to
increase in azimuth rate as seen in Figure 4. However, the improvements do also in this case saturate around
15 °/s, except for beam sea in which there is small improvement up to around 21 °/s. Improvements
observed for head sea is seen in relation to the coupling of heading control to azimuth rotations as thrusters
are primarily working in surge direction.

Power consumption across the different combinations is presented in Figure 5, from which there is some
reduction in power consumption related to higher rotation ramp rates. However, the force ramp rate appears
to have a negligible impact on energy efficiency. Finally, to evaluate the actual use of increased force and
azimuth ramp rate, the sum of all RPM setpoint changes and azimuth rotations are plotted in Figure 6. The
results show there is a relatively linear increase in azimuth utilization with higher rotational speed, while
there is insignificant use of increased force ramp rate.
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Figure 3: MPM of position deviation relative to base case
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Figure 4: MPM of heading deviation relative to base case
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Figure 5: MPM of power consumption relative to base case
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Figure 6: MPM of sum of force ramp and azimuth rotations relative to base case
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Conclusion

This paper presents the results of a simulation study to assesses the sensitivity of thruster characteristics on
DP performance for a CSOV. The study is performed through 3-hours’ time-domain co-simulations using
OrcaFlex simulator coupled to a DP control system.

The model of a typical CSOV with double-ended hull and with 4 azimuth thrusters is analysed, as this type
of vessel has high degree of responsiveness when exposed to environmental and thruster loads. A DP system
is implemented to control the vessel, and control system parameters remain unchanged across all simulation
cases to clearly isolate the effect of increased ramp rate on station keeping.

The thruster dynamics are implemented inside a thruster model where the azimuth change-rate and the
propeller force ramp rate are adjusted separately for each case, in-order to identify the effect of each
parameter.

Station keeping capacity related to collinear environmental forces coming in from the full 360° direction,
with a resolution of 15°, is evaluated to compare the position and heading deviation for each case along
with the associated energy consumption.

The results indicate that increase in thruster force ramp-rates or azimuth change-rates give only marginal
improvements in position keeping, predominantly in beam seas. Though increasing the force ramp rate does
improve the heading control in beam seas, it is the increase in azimuth-change rates that exhibit a more
significant improvement. However, the observed improvements see saturation (no further performance
increase) above around 18° per second (3 RPM) azimuth change-rate.

The findings of this study underscore the complex nature of maritime design, where mechanical efficiency
of thrusters, while crucial, is not the sole factor that defines the vessel DP capabilities. It is imperative to
evaluate the industrial mission of the vessel to ensure that all aspects influencing the DP performance align
with the operational objectives. Furthermore, the advancements in propulsion, power system and sensor
technology has sparked an interesting debate regarding control system philosophy. This includes the
possibility of compensating for first-order wave motion, which could enhance vessel performance and
safety. As the industry continues to evolve, these discussions are vital for the development of mission-
aligned vessels.
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