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Abstract
The stationkeeping capability of DP vessels is traditionally presented in DP capability plots, showing the
maximum environmental conditions in which the vessel is capable to maintain its position. For many DP
operations, however, the DP stationkeeping accuracy is of primary importance to judge if an operation
can be performed or not. Examples of such DP operations include lifting and installation operations,
drilling operations and multi-body operations (e.g. offloading, accommodation vessels, or crew transfer).
Static DP capability calculations do not provide any information about the stationkeeping accuracy.
A calculation method has been developed to determine the DP stationkeeping capability, as well as the
stationkeeping accuracy. The presentation of the results is very similar to the static DP capability plots
and allows applying user defined operational criteria in post processing to determine the maximum
operational limits. The developed method uses a time-domain simulation model of a vessel with a DP
system, including all main components commonly found in real DP systems (Kalman filter, PID
controller, allocation algorithm). Time-domain simulations are carried out for a large number (several
thousands) of environmental conditions, consisting of current, sea waves, swell and wind. The simulation
output is evaluated against multiple operational criteria. Subsequently, the limiting conditions are
presented in polar plots, showing e.g. the stationkeeping accuracy, thruster loading or vessel motions and
accelerations.
The method has several advantages over traditional static calculations, especially for cases in which the
stationkeeping accuracy is an important aspect. Furthermore, instead of searching for limiting conditions
based on operational criteria, simulations are carried out for a complete set of conditions, making it
possible to define criteria afterwards and investigate the sensitivity of the operation for changes in criteria.
The paper discusses the methodology followed, the time-domain simulation model and results of a
calculation study for an Offshore Supply Vessel (OSV).

Keywords
Dynamic positioning (DP), stationkeeping capability, stationkeeping accuracy, time-domain simulations,
operational criteria, capability plots, performance plots, Offshore Supply Vessel (OSV).

Introduction
Different methods exist to determine the stationkeeping performance of DP vessels. Independent of the
software tools applied, these analysis methods can be classified as follows :





Static calculations
Time-domain simulations
Scale model tests
DP sea trials

The above methods all have their own advantages and limitations. Which of these methods is most
suitable will depend on the questions at hand and the objectives of the analysis. The main characteristics
and areas of application of the analysis methods are described below.
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Static calculations
Static DP capability calculations are based on the equilibrium of all external forces acting on the vessel.
The mean wind, wave and current forces on the vessel are calculated. Subsequently it is determined if
these horizontal loads can be counteracted by the thruster forces. Static DP capability calculations are
often carried out in collinear wind, waves and current. The current velocity is usually constant, while the
wind and waves are increased step by step to find the maximum conditions in which the vessel can
maintain its position. The results are presented in the form of polar plots, showing the maximum wind
velocity as a function of the wind direction. An example is shown in the Figure 1 below.

Figure 1: Example of static DP capability polar plot
Although the basic concept of static DP capability calculations is simple, large variations are observed in
the details of the calculations. The method of calculation of the environmental forces, thruster interaction
losses and margins for dynamic effects, the so-called Dynamic Margin, can have a large influence on the
final calculation outcome. Guidance is given in Reference [1] and [2], but these guidelines leave room for
interpretation. In Reference [3] an attempt is made to define a uniform calculation method. However, as
long as large variations in calculation approach remain in the industry (designers, vessel owners, DP
system suppliers, ..., etc.) it will be difficult to make a one-to-one comparison of capability plots from
different sources.
Static DP capability calculations have many advantages. The calculations are relatively simple and fast:
results can be obtained within a few hours from start of the modeling. The effects of changes in thruster
positions and size can be quickly investigated, as well as the effects of thruster failures. The presentation
of the calculation results also makes it easy to compare the stationkeeping performance of different
vessels, provided the same calculation approach was used.
Static DP capability calculations also have their limitations. Dynamic effects are not included and the
calculation results do not contain any information on the stationkeeping accuracy. Furthermore, thruster
interaction losses are often not included. These limitations can be partly compensated by applying a
Dynamic Marin to account for dynamic effects and thruster interaction losses.
Several methods are proposed to introduce station keeping accuracy criteria in static DP station keeping
capability calculations. Reference [4] describes a method including a correction to the mean wave drift
force to incorporate low frequent wave drift force effects in the station DP calculations. In Reference [5] a
MTS DP Conference - Houston

October 10-11, 2017

Page 2

J.W. Serraris, J.L. Cozijn (MARIN)

Performance

DP Stationkeeping Accuracy

method is described replacing the fixed Dynamic Margin by a factor depending on the required station
keeping accuracy.
Static DP capability calculations can be very useful in the early stages of vessel design, when the thruster
configuration and thruster sizes need to be selected. The effect of thruster failures can also be determined.
Time-domain simulations
In time-domain a more detailed model of the vessel and its DP system is used. Time-domain simulation
models may include dynamic environmental loads, combined low frequency (LF) and wave frequency
(WF) vessel motions, a complete model of the DP system (filter, controller, allocation), the dynamic
response of the thrusters and thruster interaction effects. See for example Reference [6]. The results of the
time-domain simulations include the time signals of the simulated variables, such as the vessel position
and thrust. An example of the simulated vessel position (plotted every 60 seconds) is shown in Figure 2
below.

Figure 2: Example of top view contour plot (heading change during squall event)
Time-domain simulations have a number of distinct advantages, compared to static calculations. The
results include not only mean values, but also show variations in time. This means that stationkeeping
accuracy and thruster load variations can be studied. Furthermore, the filter and control coefficient
settings can be optimized, prior to model tests or sea trials. Finally, the realistic simulation of the timevarying behavior enables the analysis of dynamic events (e.g. heading changes) or varying environmental
conditions (e.g. squall events).
A more recent development in the time-domain simulation software at MARIN is the development of the
eXtensible Modeling Frame work (XMF). The XMF software framework offers the possibility to share
simulation models between desktop studies (fast time simulation) and simulator training (real time,
interactive). More information about this development can be found in Reference [8].
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The application of time-domain simulations also has some limitations. The simulated time needs to be
sufficiently long to obtain reliable statistic information. A sufficiently large number of simulations (in
different environmental conditions and heading set-points) is required to determine a complete picture of
the vessel stationkeeping capabilities. Compared to static calculations, time-domain simulations are more
time consuming. Preparation and testing of the simulation model, execution of the simulations and postprocessing of the results typically requires several days or weeks, depending on the total number of
simulations. Also, more detailed input information is required to prepare the simulation model.
Time-domain DP simulations are suitable for a more in-depth performance analysis, e.g. during the
detailed design of the vessel. Compared to static calculations the main difference is the possibility to
determine the vessel's stationkeeping accuracy, as well as other operational criteria.
Scale model tests
Hydrodynamic scale model tests are carried out in a test basin where current, waves and wind can be
generated at model scale. During the model tests the vessel behavior can be investigated in operational
and in survival conditions. The results of scale model tests are quite similar to the results of time-domain
simulations, see Reference [9]. Both methods result in time records of vessel motions, thruster loading
and other parameters. The main difference is that scale model tests automatically include all relevant
physics, while time-domain simulations only contain the effects that are included in the simulation model.
This generally makes model test results more accurate than time-domain simulation results. An example
of DP vessel in a model test is shown in the figure below.

Figure 3: DP semi-submersible during scale model test (MARIN's Offshore Basin)
The main advantages of DP scale model tests are the accuracy of the results and the possibility to see the
vessel and its DP system performing in a complete environment of wind, waves and current. All physics
are automatically included, whether directly relevant for DP (environmental loads, thruster interaction
effects, ..., etc.), or otherwise interesting (slamming, green water, low frequent roll motions ..., etc.). The
system performance can be safely investigated, even in limiting environmental conditions. During the
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model tests use can be made of a generic DP system available at the model basin, or of a DP system from
an external supplier.
One concern regarding model tests may be the associated costs. Compared to calculations, scale model
tests are relatively expensive. A technical limitation may be the representation of the on board engines,
generators and electrical systems. Properties like thruster acceleration and azimuth speed can be easily
modeled, but more complex response models may be difficult to implement in a model testing
environment. Finally, depending on the selected model size, scale effects may play a role in some of the
measured properties, e.g. the measured propeller torque.
Scale model tests are especially suitable for detailed performance analysis, final design verification or
studying of dynamic effects such as sudden squalls or drift-offs. Since a scale model of the vessel is used
in the model tests, it is generally not possible to make any changes once the model has been constructed.
DP sea trials
The final answer for any vessel's DP stationkeeping capability lies in the sea trials. The real vessel can be
tested, without any simplifications or assumptions. However, DP trials do have some limitations. First of
all, there's the aspect of costs. Second, there is no control over the environmental conditions during the
sea trial, so tests can only be performed in the weather conditions at that moment. Third, even if possible,
testing the vessel in limiting environmental conditions would involve significant risks. And finally, if the
vessel does not meet the requirements or expectations modifications are very time consuming and costly.

DP Stationkeeping Accuracy Calculation Method
In this paper a calculation methodology is presented, which combines strong points of time-domain
simulations and static DP capability calculations. The results of the calculation method includes
information on the stationkeeping capacity and the stationkeeping accuracy, as well as other parameters.
Time-domain simulations are performed, but the presentation of the results is very similar to the diagrams
known from static DP capability calculations. Strictly speaking, the applied calculation method itself is
not new. For example, a similar approach is described in Reference [10], [11]. The novelty is of the
approach is found in the selection of the simulation cases, the application of multiple operational criteria
and the presentation of the results. Furthermore, instead of searching for limiting conditions based on
operational criteria, simulations are carried out for a complete set of conditions, making it possible to
define criteria afterwards and investigate the sensitivity of the operation for changes in criteria.
The main advantage of the applied method, compared to traditional static calculations, is the combined
evaluation of thruster capacity, stationkeeping accuracy and other operational criteria, such as vessel
motions or on-board accelerations. Furthermore, the simulation model includes dynamic effects in the
environmental loads and the system response. Limitations of the method are related to the number of
simulations to be performed and the required computational power to complete those simulations within a
reasonable time.
The approach of the presented calculation method consists of the following steps:
1)
2)
3)
4)

preparation of a time-domain DP simulation model;
execution of a structured set of time-domain simulations in batch mode;
storage of the simulation results in a standardized database;
visualization of the simulation results in a standardized viewer.

These steps are described in more detail below.
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Time domain DP simulation model
MARIN’s existing multi-body time-domain simulation code aNySIM is used for the DP time-domain
simulations. The program includes a six degrees of freedom simulation model for the combined LF and
WF vessel motions. Furthermore, a DP system is simulated, including a low pass filter, a PID controller
and an allocation algorithm. The DP functionality of the program is described in more detail in Reference
[6], while the thruster allocation algorithm is discussed in Reference [7]. A schematical overview of the
structure of the simulation model, including the DP system is shown in Figure 4 below.

Current

Wind

Waves

Other

Vessel at Sea
"Power Source"
Engines,
Generators

"Ship"

Thrusters

"Actuators"
XREQ

Allocation

Controller

Position
Measurement

Filter

"Control System"
Wind
Feed Forward

Figure 4: Schematic overview of aNySIM DP control loop
Batch mode analysis
Time-domain DP simulations are carried out for different environmental conditions (combined current,
swell, waves and wind). The number of cases increases rapidly when input parameters (wave height, wind
direction, ..., etc.) are systematically varied. Based on a table describing all environmental conditions, an
input file is generated for each individual simulation. Simulation studies may include 20,000 or more
cases. The large amount of simulation cases is necessary to maintain sufficient flexibility in the analysis
and post-processing of the results later on.
Since each simulation will take approximately 10 minutes to complete on a typical desktop PC, it would
be time consuming to carry out such a study on single machine. Instead, the simulations are distributed
over a large number of PCs (approximately 250) within MARIN's network, using CONDOR scheduling
software. CONDOR is an open source software package that allows submitting simulation jobs on other
computers within a network. By using CONDOR, the simulations can typically be completed in 1 night,
or a weekend, instead of several weeks or months for a single machine. A more detailed description of
CONDOR and an example of its application can be found in Reference [12].
Database storage
The statistical results of each output channel of the simulations (mean value, standard deviation,
minimum value and maximum value) are collected and stored in a standardized database structure. The
output channels considered for analysis include: horizontal offset, vessel motions and accelerations at
various locations on-board of the vessel, unit thrust and thruster azimuth angles. The applied
environmental conditions are also stored, together with the statistical results.
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Presentation of the results
MARIN has developed a software tool to visualize the results stored in the standardized data bases. The
so-called Performance Plot Viewer (PPV) allows the selection of multiple output channels from the
simulations and apply user-defined operational limits. Based on the combined limits an operational
envelope is presented. Alternatively, the Performance Plot Viewer allows presenting the actual values of
one specific signal as function of Hs. Two examples are shown in Figure 5 below.

Figure 5: Example output of Performance Plot Viewer
The presentation of the results in the Performance Plot Viewer is similar to the traditional DP capability
plots. However, instead of only showing the maximum wind speed based on thruster capacity, the
maximum environmental conditions are shown based on a combination of operational criteria, allowing
investigating the relative importance of these criteria. Since the time-domain simulations are carried out
for a large and complete set of conditions, the effect of allowable limit values can be easily shown.

Example Study for a Wind Turbine Support OSV
Operations and Maintenance (O&M) costs on offshore wind turbines are around 20 percent of the
Levelized Cost of Energy (LCOE). Maintenance comes in many forms: from routine inspections to
replacement of large components. Each type of maintenance requires its own specialists and specialized
support vessels. Furthermore, the selection of the most suitable vessel depends on the distance to shore
and local weather conditions. For lightweight maintenance activities, up to about 15 kilometer from shore,
in sea states up to about 2.0 m typically Crew Transfer Vessels (CTVs) are applied. These vessels range
in length from 20 to 30 meter, traveling between the wind park and a local port on a daily basis and allow
industrial personnel to get onto the wind turbine without a dedicated access system. For wind parks
further away from shore, or when transfer of components is required, Offshore Support Vessels (OSV)
are applied to travel to the offshore wind turbines. These vessels are 60 to 90 meter in length and may be
purpose built or converted Platform Support Vessels (PSVs). These vessels remain offshore and the crew
will stay on board for typically 2 weeks. The personnel is transported from the vessel to the wind turbines
by means of an access system - often a telescopic ladder - while the vessel remains on position by DP in
close proximity of the wind turbine. The transfer operation is limited by the vessels motion response, DP
station keeping accuracy and capacity of the access system. Typical operational limits are up to 2.5-3.5 m
significant wave height.
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Input parameters
The DP station keeping accuracy of a typical OSV is calculated following the methodology described in
the previous sections. An example of such a vessel is shown in Figure 6. The particulars of the vessel are
presented in Table 1. The vessel is equipped with four azimuthing thrusters: two main thrusters at the
stern and two retractable thrusters at the bow. The nominal thrust of each thruster is listed in Table 2.
Thruster-current, thruster-hull and thruster-thruster degradation were taken into account in the timedomain simulation model, see Reference [6].

Figure 6: General arrangement plan of the OSV
Table 1: Main particulars of the OSV

Table 2 : Thruster configuration and nominal thrust

Length between perpendiculars [m]

84.0

Portside stern thruster [kN]

400

Breadth [m]

18.9

Starboard stern thruster [kN]

400

Draft [m]

5.0

Bow front thruster [kN]

150

Bow aft thruster [kN]

150

Displacement [ton]

6,245

Vertical Centre of Gravity [m]

6.77

Metacentric height [m]

2.5

Roll radius of inertia [% B]

40

Pitch radius of inertia [% Lpp]

25

Yaw radius of inertia [% Lpp]

25

The first and second order wave loads as well as the added mass and potential damping are based on the
results of linear diffraction calculations. Additional roll damping equal to 1% of critical damping was
included to represent viscous effects and obtain a realistic roll response. Current load coefficients for a
typical PSV were taken from a database. The wind coefficients were taken from Reference [12].
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For the DP control system the following components available in the software are applied :


A low pass filter to remove the wave frequency contents from the vessel motion signal. The
applied filter ("LFWF") is a state-space filter like the common Kalman filter. Unlike the Kalman
filter, the optimal gain is directly based on the desired filter frequencies and not on the noise and
measurement covariances. A cut-off frequency of 0.25rad/s was applied and a peak frequency
was selected equal to the wave peak period.



A standard PID controller is applied to determine the total required thrust (FX, FY, MZ) based on
the low frequency position error from the filter. In the present study only the Proportional and
Derivative terms (PD) are applied to eliminate transient effects and since motion dynamics are of
primary interest. A series of initial simulations in bow quartering (135°) collinear current (Vc = 2
knots), wind (Vw = 9.6 m/s) and waves (Hs = 2.5m) is performed to select the PID settings
resulting in optimum station keeping accuracy. The selected PD settings and associated natural
periods of the vessel on DP and damping as percentage of critical damping are listed in Table 3
below.
Table 3: PD controller settings applied in simulations



Mode of motion

P
[kN/m, kNm/rad]

D
[kNs/m, kNms/rad]

T
[s]

B
[%Bcrit]

Surge

40

725

91

70

Sway

90

1,330

66

70

Yaw

35 E03

525 E06

67

70

An allocation algorithm is used to distribute the total required thrust over the available thrusters,
such that the total thruster power is minimized. The applied allocation algorithm is based on
Lagrange multipliers and described in more detail in Reference [7]. Forbidden zones and
maximum thrust limitations are taken into account by the allocation. Forbidden zones of 15° to
either side of the centerline through two neighboring thrusters are applied, resulting in a total
forbidden zone of 30°. Maximum thrust limitations as listed in Table 2 is used.

A set of simulation cases was defined to represent the relevant variations in wind, wave and current
conditions. For each of these conditions a time-domain simulation was carried out with a duration of 3½
hours (3 hours stationary conditions + 30 minutes start-up time), to ensure reliable statistical output. The
following environmental conditions were considered :



Current (9 conditions)
o Speed 2 kn. + no current condition
o Directions : 0 - 360 deg, at 45 deg intervals
Irregular waves / wind (57 conditions, see Figure 7)
o Hs = 0 - 3.5 m, at 0.5 m intervals
o Associated Tpw according to IMCA, see Reference [1]
o Associated (collinear) wind Vw according to DNV-GL, see Reference [2]
o Directions : 0 - 360 deg, at 45 deg intervals
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Swell (17 conditions)
o Hs = 0 - 1.0 m, at 0.5 m intervals
o Tps based on associated wave period (3 x Tpw)
o Directions : 0 - 360 deg, at 45 deg intervals
Vessel draft and weight distribution (1 condition)
Total number of simulations 8,721 (= 9 current x 57 wave / wind x 17 swell conditions)
180
4.00

225

135

3.00

2.00

1.00

270

90

0.00

315

45

0

Figure 7: Considered wind wave conditions (Hs vs. direction)
For the wind waves the relation between the wind speed Vw and significant wave height Hs was defined
according to Reference [2]. The relation between Hs and Tp was defined according to Reference [1]. The
current speed and direction were defined independent of the waves and wind. The swell height and
direction were also defined independent of waves and wind, but the swell peak period Tps was linked to
the wave peak period Tpw. The applied relations are illustrated in Figure 8 below.
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Figure 8: Wave, wind, swell relation
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Time-domain DP simulations for all individual cases were carried out using the CONDOR scheduling
software. The total number of individual time-domain simulations (3 hours each) in the present example
case study was 8,721. Larger numbers of simulations are possible, for example when a smaller interval is
selected for the wind and wave directions.
Results
Each simulation results in time traces including the following output signals: vessel motions and
accelerations at various locations, station keeping accuracy, total required and delivered thrust and thrust
and azimuth of each propeller. The standard deviations of these signals are stored in a standardized
database and loaded in the Performance Plot Viewer. Operational criteria are applied to determine the
operational limits. Operational criteria for physical limitations for the industrial personal, such as postural
stability and seasickness, are adopted from industrial guidelines for maintenance vessels in the offshore
wind industry, see Reference [14]. These operational limits are defined in terms of Root Mean Square
(RMS), which equals the standard deviation (STD) of the times traces. The limits are listed in Table 4.
Applying the motion and acceleration criteria to the accommodation area of the 84m OSV results in
operability in the maximum simulated sea state of Hs=3.5m for waves from all directions.
Table 4: Operational criteria for maximum allowable motions and accelerations
RMS or STD
Roll [deg]

6

Pitch [deg]

5

Lateral acceleration [m/s2 (g)]

0.981 (0.1g)

Vertical acceleration [m/s2 (g)]

1.47 (0.15g)

Operational criteria for the station keeping accuracy of the vessel on DP depend on the operational limits
of the access system. Both systems have to reduce motions in order to allow the transfer of industrial
personal from the moving ship to the earth fixed wind turbine. Ideally the DP system counteracts low
frequency motions, while the access system counteracts the wave frequency motions. However, since
some low frequency motions are passed by the DP system the access system has to compensate for these
as well. A typical maximum stroke for a telescopic gangway is 7.0m amplitude. It is assumed that this
maximum allowable stroke is a Most Probable Maximum (MPM) and that the MPM can be approximated
by 4 times the standard deviation. This results in a typical maximum allowable standard deviation of the
motions at the location of the gangway of 1.75m. A smaller allowable stroke requires higher DP station
keeping accuracy, while a larger allowable stroke allows larger offsets of the vessel on DP and less power
consumption of the DP system. Figure 9 shows the operational limits of the vessel based on this criteria
for the DP station keeping accuracy (7.0 m stroke) , as well as for maximum allowable strokes of 5.0 m
and 9.0 m. The applied operational criteria are summarized in Table 5. The station keeping accuracy and
associated operational limits are shown for a gangway positioned midship and at the stern of the vessel.
Environmental conditions including a Hs = 0.5m starboard bow quartering incoming swell and 2 knots
portside bow quartering incoming current are presented. The standard deviation of thrust delivered by
each thruster is presented in Figure 10.
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Table 5: Operational criteria for maximum allowable gangway stroke
MPM

STD

Small gangway stroke [m]

5

1.25

Typical gangway stroke [m]

7

1.75

Large gangway stroke [m]

9

2.25

The results presented in Figure 9 show the following :





The DP station keeping accuracy of the studied OSV equipped with a gangway with 7 m
maximum allowable stroke allows operations in head on to bow quartering conditions up to the
maximum simulated condition of Hs = 3.5m. For beam on waves the operation is limited to Hs =
3.0m when the gangway is positioned midship and Hs = 2.5 to 2.8m when the gangway is
positioned at the stern of the vessel.
When a gangway with 9 m maximum allowable stroke is used (stroke + 2 m) the operation can be
performed in Hs up to 3.5m for all wave directions.
When a gangway with a 5 m maximum allowable stroke is used (stroke - 2 m) the operation in
quartering to beam on conditions is limited to Hs = 2.7m with the gangway positioned midship
and Hs = 2.0 to 2.5m with the gangway positioned at the stern.

Note the results presented in Figure 9 are only based on operational criteria for DP station keeping
accuracy in combination with a telescopic gangway. The motions and accelerations on the ship and at the
gangway, possibly limiting the activities of the crew, are not presented in this figure.

Conclusions and Recommendations
Traditional static DP station keeping capability simulations are an efficient method to determine the
station keeping capability in an early stage of the design of the propulsion configuration of a DP vessel.
However, these simulations lack insight in the station keeping accuracy of the vessel, as well as other
operational parameters. To determine the station keeping accuracy time domain simulations are required.
These computations are more time consuming and often lack the presentation in easy to interpret polar
plots. The methodology described in the present paper has proven to be an effective approach to
determine the station keeping accuracy of a vessel on DP. Furthermore the method provides the flexibility
to apply operational criteria to the statistical results of the time domain simulations stored in a database in
order to efficiently and easily generate industry standard polar plots in post-processing. An advantage of
the proposed method is that simulations are carried out for a complete set of conditions, making it
possible to define criteria afterwards and investigate the sensitivity of the operation for changes in criteria.
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Figure 9: Operational limits based on DP station keeping accuracy for two different gangway positions
(red = at midship, green = at stern) and three different gangway strokes (top left = small stroke, top right
= typical stroke, bottom left = large stroke). White areas indicate conditions in which the limits are not
exceeded (workable); shaded areas indicate conditions in which the limits are exceeded (down-time).
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Figure 10: Standard deviation of delivered thrust [kN] for each individual thruster, plotted as a function
of wave direction (fixed swell and current, varying wind and waves).
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