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Abstract

Selecting a propulsion configuration for a vessel should start from the operating profile. It is important to
look not only at thrust values at DP, but also the overall performance of the vessel. This includes finding a
balance between DP and transit operation, as well as taking into account considerations like (i) weight for
jack-ups, (ii) spatial constraints for thruster installation on ships with low work decks and (iii) minimal
installed power with sufficient propulsion for all failure cases. For different vessel types, different features
of the propulsion system are important. Wartsila has developed a new high-performance thruster and
propulsion control package especially well-suited for DP vessels. This includes: (i) a new WST-E steerable
thruster for main propulsion, available as either a straight or 8-degrees tilted thruster with an embedded E-
motor for compact building height with reduced mechanical losses. This thruster comes with the possibility
for faster ramp-up and faster steering speeds which will improve DP capability. And (ii) an extension of
the WST-R retractable thrusters to smaller sizes with the 8-degrees tilted propeller shaft for a reduction of
interaction losses.

Various case studies will be presented in this paper, that will highlight the impacts of the new features on
different types of DP vessels, offering insights into their practical benefits.

Abbreviation / Definition

CFD Computational Fluid Dynamics
DP Dynamic Positioning

DT Dynamic Tracking

FPP Fixed Pitch Propeller

WTN Wartsila Thruster Nozzle
Introduction

Steerable thrusters have been used in Dynamic Positioning (DP) or Dynamic Tracking (DT) application for
more than 50 years. In the past, several papers at this conference were presented with the application of
thrusters in DP, describing guidelines for selection of thrusters for dynamic positioning (Deter, 1997), or
concerning the hydrodynamic aspects of steerable thrusters (Dang & Laheij, 2003) amongst others, giving
an overview of different aspects of steerable thrusters and their applications. In recent years the focus in the
development of thrusters has shifted with the help of modern tools that give more insight into the actual
hydrodynamic performance of the thruster. Tools like Computational Fluid Dynamics (CFD) have become
mature and more generally used in the design and development of thrusters. Themes like efficiency,
electrification, and decarbonization have also become more important. On the operational side, the shift
from the oil and gas markets to offshore wind has led to different operational profiles and tasks.

All these aspects lead to different considerations in designing and selecting steerable or transverse thrusters.
In this paper, several aspects of modern steerable thrusters and their applications will be discussed.

Although new propulsor concepts like pods, rim drives and cycloidal propellers are arriving on the market,
the mechanical steerable thruster is still one of most predominant DP propulsors. Even though the steerable
thruster can be regarded as a traditional concept, continuous improvements are still implemented using new
available tools, experience from installations in operation as well as the changing operating conditions and
required thruster sizes in the ever-changing markets.

Wartsila has recently introduced several new products to achieve high performing, more accurate, and more
reliable DP operations. The products include: the WST-E embedded electric steerable thruster for main
propulsion, three new WST-R retractable thrusters and an updated ProTouch remote propulsion control
system featuring an enhanced user interface (see Figure 1).
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WST-E WST-R ProTouch

Figure 1: The WST-E embedded electric steerable thruster, the WST-R retractable thruster, and the updated ProTouch user
Interface

A few of the design aspects of the new steerable thrusters are (i) improved efficiency based on CFD
optimization, (ii) the possibility to select an 8-degrees tilted propeller shaft for the vessel layout, (iii) the
possibility to select a special nozzle for free sailing applications (WTN-FS) instead of a nozzle fully
developed for optimized Bollard Pull thrust (WTN-BP), and (iv) the possibility for faster steering speeds
and faster power ramping.

The WST-E thrusters are specially designed with an embedded electric motor so that the new L-drive has
a much smaller envelope than the Z-drive thruster and fits within the same building height. The elimination
of the upper gearbox results in improved energy efficiency for vessels with a working deck or a car deck as
shown in Figure 2.

H1
E-motor
foundation H3 << HH1
Conventional L-drive L-drive with PM E-motor Integrated L-drive
- Asynchronous E-motor - Permanent magnet E-motor - PM E-motor
- Separate E-motor foundation - Separate E-motor foundation - Integrated E-motor foundation

Figure 2: Left is the WST with a conventional L-drive, in the middle the WST with PM E-motor on foundation and on the
right the low WST-E with the integrated PM E-motor
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The focus of this paper is to zoom in on the different options and design features related to the
hydrodynamic aspects. In the first part we will have a look at the hydrodynamic propulsion efficiency, how
it is determined, and what has changed over the years. In the next part the difference between transit and
DP efficiency is discussed and a study for a PSV is presented to show the effect of using an open or ducted
propeller configuration for the thruster. Next, the benefit of 8-degrees tilted shaft is discussed. In the last
part, two cases are presented showing the impact of faster steering speed and faster power ramping on two
different ship types.

Propulsion efficiency

The overall hydrodynamic efficiency of the thrusters on a vessel can be split into two parts: (i) the
hydrodynamic propulsion efficiency of the thruster unit, and (ii) the interaction losses of the thrusters with
the vessel and with other units. First the hydrodynamic performance of the isolated thruster will be
discussed. The efficiency of the propulsor is determined in open water condition for both free sailing as
well as at bollard pull condition. This means that the efficiency is considered in uniform inflow, without
any interaction from the hull.

The performance of a propulsor is captured in an open water diagram, this diagram represents the
dimensionless values for thrust (Kr.,.), torque (K,) and efficiency (7o) at different speeds (/). Every
propulsor has different characteristics, this is not only dependent on propeller shape or thruster housing, but
also on propeller pitch, resulting in the power absorption that is needed at a certain rpm. An example of an
open water diagram for a thruster is found in Figure 3.
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Figure 3: Example open water of a steerable thruster with a propeller with P/D=1.0

For free sailing the efficiency is defined as,

_ J Krtot
Mo =3, Kq '
where /is the speed of advance, Kr,; is the total thrust coefficient, and K, is the torque coefficient. The

overall propulsion efficiency of a vessel is combination of the open water efficiency of the propulsor and
the interaction efficiencies from the hull and the inflow.
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The unit thrust at bollard pull conditions is determined at a speed of advance (/) is 0. This means that per
definition the open water efficiency is 0 and another definition is used. This is the merit coefficient,

(KTtot)3/2
T
Kq

mc =

The merit coefficient is dependent on propeller type (open/ducted), nozzle type, the propeller pitch and on
the actual propeller geometry. The required propeller pitch is dependent on the combination of propeller
diameter, propeller power and propeller speed (power absorption). In the design of the thruster, it is
important to select a good combination so that the thruster can operate as efficient as possible.

The merit coefficient can be linked to thrust-over-power ratio (kN,/kW), which is a very quick rule of thumb
to estimate the thrust from the propulsor.

T,
2 = const X (Paens)Y/? x mc?/3,

where Py, IS the power density of the propeller. This shows that the diameter of the propeller is important
for bollard pull thrust: larger propeller diameters are more efficient, however they are more expensive and
need more space.

In the past thruster performance was often determined by using standard performance-series for nozzle
propellers (for example the Kaplan propeller series in a 19A nozzle) in combination with a method to deduct
the drag from the housing. Using this method leads to reasonable estimates, however this method makes it
difficult to correctly investigate the best performance or optimize the propeller housing.

Another very common method to determine performance are model tests, where a scale model of the
thruster is being placed in a model basin with water and the propeller thrust and torque are measured at
different speeds and scaled up to ship scale.

However, model test for thruster suffers from large scale effects. As standard scaling methods for model
test are based on open propellers and the knowledge on scaling on propellers with nozzles and thruster
housing is still limited.

Modern methods like (RANS) CFD in the meantime have matured over the last two decades (Bulten N. ,
2006) (Jirgens, Palm, Amelang, & Moltrecht, 2008). Using CFD, the performance of thrusters can be
determined by calculating the open water performance of the thrusters directly in full scale. This gives the
opportunity to calculate the performance of the complete thruster unit, propeller and nozzle. Scale effect on
a thruster can be in the order of 10-14% on performance (Bulten & Stoltenkamp, 2017). Since the inflow
into propeller is determined by the shank close to the propeller, an impact on the cavitation behaviour has
been found as well with CFD simulations (Bijlard & Bulten, 2015).
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Already for more than a decade the thruster housing and the nozzle are optimized with CFD for better
performance (see Figure 4).
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Figure 4: Development of the performance of Wartsila Steerable Thrusters

On the new retractable thrusters, further optimization has been performed at the shank and connections to
improve efficiency and reduce noise and vibration as well as the risk of any cavitation erosion. While
analysing the thruster performance, in the original model it was found that vortices came from the top,
where the nozzle is connected to the shank. These vortices interact with the propeller and can cause
additional cavitation development and torque and thrust fluctuations or in the worst case even a risk for
cavitation erosion. In Figure 5 the CFD results are shown for the outboard part of the thruster, showing the
pressures below the vapor pressure with a white iso contour. These are the areas where cavitation can occur
at shallow draughts. The left picture shows the original design, where two (white) vortices come down from
the top and interact with the propeller, which result in increased cavitation on the propeller. By changing
the design, the interaction has been eliminated, which means better cavitation behaviour and less
fluctuations. Additionally, the better inflow gives an efficiency improvement.

Figure 5: Example of development process of the new WST-R. The picture shows pressures below vapor pressure for a
wetted CFD calculation. The left model is the starting point in the development, the right picture shows the improvement
during the development process on the thruster housing and connections to improve inflow, reducing the vortices into the

propeller and reducing cavitation erosion risk and noise and vibration.
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Different Operations; transit versus DP

Steerable thrusters are not only installed in vessels that are purely used for dynamic positioning, but are
also installed in vessels, where transit performance is an important part of the operating profile, like
Offshore Support Vessels (OSV), Platform Supply Vessels (PSV), Pipe Laying Vessels (PLV) etc.

With the design of this type of vessel, it is important to have a good look at the operating profile and the
condition the vessel will be used in to be able to select the best thruster. Some vessels, for example PSV
vessels are designed for top speeds of 15 to 17 knots in calm water, however nowadays they operate in
practice at 12 knots.

Nozzles are very efficient at low speed, generating a large part of the bollard pull thrust, however at high
speeds the nozzle adds additional drag. The cross-over point for this is based on the loading of the propeller,
which depends on the power or thrust needed. Often as a general simple rule the cross-over point is for
vessels that sail around 12-15 knots.
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Figure 6: Comparison of open water efficiency for different thrust load coefficients for a open pulling thruster and a pushing
thruster with nozzle. For shaftline propeller a similar trend is found. Additionally, the thrust load coefficient of various vessel
types is mentioned as reference

Selection of a nozzle optimized for free sailing moves the cross-over point to lower thrust loadings, because
they are designed to have reduced drag, at the cost of slightly lower bollard pull thrust. However, the free
sailing nozzle will have considerable better performance in bollard pull thrust than an open propeller. The
difference can be over 35%.

It is difficult to compare different propulsion concepts for a specific vessel with each other without a
detailed evaluation, however some general rules apply.
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Thrust loading coefficient, Cy, is defined as:

_ 8Kror
T T ]2 )

With K, the total thrust coefficient of the total thrust that is being delivered and /the (dimensionless)
speed of advance. Using the thrust loading coefficient makes it possible to make a comparison that is not
dependent on propeller speed. The overall trend of the curve is independent of the propeller pitch, though
the point of maximum efficiency changes with varying pitch, and therefore this approach offers the ability
to select an optimal pitch.

Different from a shaft line propeller, there is less flexibility in selecting a combination of pitch and propeller
speed. A thruster is delivered in sizes with limited propeller diameter variation and discrete number of gear
ratios. Nevertheless, in general, most steerable geared thrusters are designed to be able to operate around
their optimum. For podded propulsors the limitation in selecting optimal pitch is related to the size and
maximum torque of the E-motor. To avoid larger drag losses the E-motor cannot exceed a certain size. The
size of the E-motor is determining the torque that is possible and this determines with a given power the
propeller speed, which often leads to higher tip speeds and a lower pitch setting which is sub-optimal.
Besides the efficiency loss, the resulting high propeller speed leads to high tip speed, which gives more
cavitation and a risk for increased noise and vibrations and even cavitation erosion.

In Figure 6 the open water efficiency of the propulsor is plotted against the thrust loading coefficient. It
shows that for C; between 1-2 (please note this is a logarithmic scale) there is a point where the highest
open water efficiency switches between open pulling and ducted pushing. This figure is similar in case of
shaft line propellers, when choosing between an open and ducted propeller. In general, each type of ship
operates at comparable thrust loading coefficient, and the decision between open and ducted is clear for
many vessels. However, there is a grey area, where the choice is highly dependent on the exact operating
profile to choose for the best solution. This figure shows the vessel operating at the design sailing speed in
calm water, though real environmental conditions play a role as well.

Case study on effects of sea margin

Thrust loading coefficient is a measure of the amount of thrust that is needed to sail the vessel at a certain
speed. In a higher sea state, the resistance of the vessel increases, this means that the propeller needs to
provide more thrust to maintain the vessel speed. Traditionally, a sea margin of 15 or 20% is added to the
resistance to account for the additional wave, wind and current forces. This can often be a reasonable
estimation of the sea margin at maximum speed, however if we look at the additional resistance of the wind
and waves, these will remain the same at the same wind speed or waves regardless of speed of the vessel.
This means that the sea margin actually increases with reducing ship speeds.

An investigation was done on an 80m PSV vessel designed for 15-16 knots speed sailing at different
Beaufort scale winds as defined by the DNV-ST-0111 guidelines, see Table 1.
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Table 1: Beaufort scale as taken from DNV-ST-0111 Guidelines

Beaufort | DP capability o Wind speed Slgnlflc§ntwave Peakyvave Current
Beaufort description height period speed
(BF) number number [m/s]
[m] [s] [m/s]
0 0 Calm 0 0 NA 0
1 1 Light air 15 0.1 3.5 0.25
2 2 Light breeze 3.4 0.4 4.5 0.5
3 3 Gentle breeze 5.4 0.8 5.5 0.75
4 4 Moderate breeze 7.9 1.3 6.5 0.75
5 5 Freshbreeze 10.7 2.1 7.5 0.75
6 6 Strong breeze 13.8 3.1 8.5 0.75
7 7 Moderate gale 17.1 4.2 9 0.75
8 8 Gale 20.7 5.7 10 0.75
9 9 Strong gale 24.4 7.4 10.5 0.75
10 10 Storm 28.4 9.5 11.5 0.75
11 11 Violent storm 32.6 12.1 12 0.75
12 NA Hurricane NA NA NA NA

For the PSV estimations were done for the additional resistance and power needed for wind, current and
waves for the different sea states at different ship speeds. In Figure 7 the power needed at different Beaufort
numbers is plotted. The figure shows for 15 knots at Bf 3 a sea margin of 15% is found. At the same wind
speed the sea margin increases to more than 25% when considering 12 knots vessel speed. For Bf 5 the sea
margin at 12 knots is exceeding 100%. Using these sea margins, the thrust loading coefficient increases
significantly, and a ducted pushing thruster becomes a more efficient option than an open propeller in

transit.
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Figure 7: Evaluation of the sea margin at different Beaufort scales for different ship speeds for an 80m PSV
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For the mentioned PSV a speed-power prediction was made, and the power usage was checked at different
speeds. Nowadays these vessels are sailing on 12 knots most of the time, the difference in E-motor power
was compared between the open pulling thruster and the pushing ducted thruster for calm water conditions
(equivalent to 0% sea margin) and at different Beaufort numbers (where Bf 5 is equivalent to 110% sea
margin). For this particular PSV it was found that although in calm water the pulling thruster saves about
2% power, in higher sea states the ducted pushing thruster becomes more favourable as shown in Figure 8.
When the vessel will sail around 12 knots with an expected sea state of Bf 4 or 5, the ducted propeller is in
this case the preferred solution. It is important to look at the actual operational profile including the expected
environmental conditions, to be able to get the best compromise for all operations.

For a DP vessel, like a PSV, the additional benefit of the ducted propeller is the significantly higher bollard
pull thrust.

Calm
water BF3 BF4 BF5 BF6
8.0%

6.0%

4.0%

2.0% I
0, —

0.0% l m

-2.0%

-4.0%

Needed power for an open
pulling Thruster versus
ducted pushing thruster

Impact different sea states at 12 knots

Figure 8: Effect of different sea states at a ship speed of 12 knots on the needed power for an open pulling and a ducted
pushing propeller for an 80m PSV.

Different other hydrodynamic aspects in the selection of the correct thruster play a role as well. As shown
in the paper of Dang and Laheij (Dang & Laheij, 2003) for an FPP in nozzles the power absorption does
not change much from bollard pull to free sailing. Variations between shaft speed at bollard pull and free
sailing are typically between 5-10%. For an open FPP the variations are larger and can be expected around
17-25%. This means that both the propeller as well as the E-motor should be able to allow these overspeeds.
A more detailed analysis has been made by Bulten and Stoltenkamp (Bulten & Stoltenkamp, 2017),
showing the impact a harsh weather on the power absorption and torque limitations with a dynamic model
of a vessel with two thrusters.

Benefit of tilt

In the selection of the optimum thruster, it is important not only to look at the propulsor itself, but also the
interaction effects with the hull. Interactions with other thrusters and with the hull can lead to large losses
in thrust and therefore have a large impact on the DP performance of a vessel. Investigations into interaction
losses have been ongoing for decades. Tests as early as the 1980s (amongst others (Lehn, 1980) (Moberg
& Hellstrom, 1983)) and 90’s (Nienhuis, 1992) showed large losses, and it was found that tilting the thruster
unit can result in significant reduction of losses. It was found that an 8 to 9 degrees tilt is optimal. With
these angles the best balance between a reduction in interaction losses and the losses due to the direction of
the thrust is found. Other work from Palm, Jurgens and Bendl (Palm, Jirgens, & Bendl, 2010) with CFD
computations showed that the tilted shaft line is a more efficient solution to avoid losses than tilting only
the nozzle. Several publications about the benefits of tilted thrusters and their benefit for DP performance
have been published by Bulten and Stoltenkamp (Bulten & Stoltenkamp, 2013), (Bulten & Stoltenkamp,
2016).
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The issue of significant interaction with the hull is also present for retractable thrusters. A typical position
of retractable thrusters is in the bow of the vessel. In ahead condition the wash is running parallel to the
hull, but even though for sideways thrust the wash from the thruster could only cover a relatively small
portion of the hull bottom area, the hull-interaction losses can become large due to the Coanda effect. In
Figure 9: The thrust losses of a retractable tunnel thruster in the bow in two different directions. On top the wake of
a conventional thruster is shown on the bottom tilted solution, where the propeller, nozzle and shaft are tilted 8 degrees.
Left thrust generated forward on the right for thrust generated to the side.

the thrust losses have been calculated for an Offshore Vessel in two different directions. Left the thrust is
generated forward, so that the wash of the thruster goes astern, for a conventional thruster, losses are found
to be around 15%, for a tilted unit these losses are reduced to 4%. On the right, the thrust is generated over

Thrust to forward Thrust to the side

Figure 9: The thrust losses of a retractable tunnel thruster in the bow in two different directions. On top the wake of a
conventional thruster is shown on the bottom tilted solution, where the propeller, nozzle and shaft are tilted 8 degrees. Left
thrust generated forward on the right for thrust generated to the side.

the beam. Due to the Coanda effect the losses of the straight thruster are around 14%, and for the tilted unit
only 2%. This shows the large benefit of using a tilted thruster in these types of applications.

Not only the losses due to interaction with the hull are being reduced, but additionally the tilt will reduce
the interaction between thrusters, so that smaller spoil- (also called forbidden) zones are needed.

For a retractable thruster, it is clear that an 8 degrees downwards tilted shaft solution is the best energy
efficient solution.

For other applications, it has been shown that investigating the smart thruster position and the use of a tilted
thruster can lead to significant improvements the energy efficiency and DP capability.

Faster Steering and Ramp up speed

Walk-to-Work vessels need strict DP requirement to be able to have people walk the gangway safely. In
the energy transition it is expected that these types of operations are more and more needed. To be able to
use the walkways the position and heading errors should be small.

Time domain simulations can be used to get a better insight of the DP performance. For these more
extensive evaluations the dynamic response is taken into account from the environment, the vessel, the DP
control and the thruster forces. In the dynamics of the thrusters the steering speed and the power ramp-up
speed play an important role. Typically, normal thruster steering speed is around 2.0-2.5 rpm. More and
more modern thrusters have the ability to scale up to larger steering speeds. To be able to investigate the
influence of the steering speed and the power ramp-up a study has been performed together with the
Wartsila NACOS Dynamic Positioning Team using their DP controller.
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Case study on effects of steering speed and powering rate on a SOV

A study was performed for an 82 m Service Operation Vessel (SOV) to investigate the influence of power
ramp-up and slew rate (steering speed). The SOV has two main steerable thrusters, a retractable thruster in
the bow and two tunnel thrusters (see Figure 10).

Thruster Type Power [kW]

T Tunnel Thruster 1100
T2 Tunnel Thruster 1100
T3 Retractable Thruster 1200
T4 Steerable Thruster 2400
15 Steerable Thruster 2400

Fiaure 10: Confiauration of the 82m SOV

In the analysis the spoil (forbidden) zones have been included. Wave data has been used with a wave height
of 3m and a wave period of 8.4 sec. No current and wind was used to be able to focus on the effect of

DP Control
Processor

Footprint

Wave Data

Figure 11: Schematic diagram of the analysis

steering rate and power ramping and investigate the worst case where there is no biasing from a steady wind
or current. The process is shown schematically in Figure 11. Using this model, a comparison is made on
maximum position error (based on L.uwz/2) and heading error for waves coming from 30 and 80 degrees
for different steering speeds and power ramping for all thrusters. Besides only ramping up the steering
speed or the power ramping speed, a bias option for the thrusters at 15% is also investigated. Bias operation,
where thrusters are balancing the force to operate in opposite direction is often used to get a more stable
operation of the vessel The results for increasing steering speed are presented in Table 2.

Table 2: Effect of increasing steering speed on the maximum position error and the maximum heading error

Waves from 30 degrees Waves from 80 degrees
Improvement
. Improvement Improvement Improvement
. maximum . . .
Steering speed o maximum maximum maximum
position - ot .
error heading error position error | heading error
2.5 rpm - - - -
4.0 rpm 2% 19% 4% 4%
2.5 rpm using thrust bias -2% 19% 2% 18%
4.0 rpm using thrust bias -2% 20% 2% 10%
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The results show that increasing the steering speed has indeed a positive effect on both the position error
and the heading error. However, using thruster biasing already gives large improvement on thruster heading
without increasing the steering speed. Due to the bias operation the thruster will need to steer less and be
more stable. A secondary benefit from biasing is a reduction in wear and tear during the lifetime of the
thruster. Biasing will lead to an increase in power usage of the thruster, however in some cases, for example
for big semi-submersibles, opposing thrust levels are ramped-up by the DP System to load the generator to
be used in a more overall efficient area of operation.

In Table 3 the effect of increasing powering rate is investigated by taking double the rate from 0-100% rpm,
with 2.5 rpm steering rate and using bias.

Table 3: Effect of increasing ramp-up power [0-100% rpm] on the maximum position error and the maximum heading error

Waves from 30 degrees Waves from 80 degrees
Improvement | Improvement | Improvement | Improvement
Ramp-up rate [0-100%] maximum maximum maximum maximum

position error | heading error | position error | heading error

2.5 rpm steering, normal power rate

2.5 rpm using thrust bias -2% 19% 2% 18%

4.0 rpm using thrust bias -2% 20% 2% 10%

2.5 rpm steering, double power rate 0 0 0 0
using thrust bias 1% 35% 17% 61%

The results show that the increase of steering rate using bias, does not bring any significant improvement,
the increase of rate of powering using bias does reduce the error significantly.

The study shows that an increased steering speed and an increased power ramp up improves the DP
operation by reducing the errors. Additionally, this case shows that biasing can be effective in reducing the
position and heading error.

Looking more in detail in the results of this study, it is found that the maximum errors are related to the fact
that there are only wave forces taken into account. This means that the forces are periodic and for this
system, the DP controller is mainly using the retractable thruster to compensate for the changing force
direction. The retractable unit has to make large steering movements to accomplish this.

To investigate this further, an additional case was simulated without the retractable thruster (T3) to evaluate
the impact of the behavior of this retractable thruster on the errors, because the environmental condition is
such that it is not essential to use the retractable thruster. It was found that the effect of not using the
retractable unit, and thus using the four remaining thrusters only with normal steering speed and powering
rate, let to improvements in the order of the errors found with the case with fast powering rates. It is
expected that this effect is in a large part due to the fact that only the waves are taken into account. When
there is an additional constant wind and/or current direction, the impact of using the retractable thruster
(T3) or not, would not be as noticeable.

This shows that it is important to realize that improvement of the steering speed and the powering ramp up
speed of a thruster is helpful in improving the footprint of the vessel, but that the manner the DP system
operates is also of great importance. In cases where the thruster is needed or expected to make large
rotations, the benefit of increased steering speed is larger. An example of this is the failure of a thruster,
where other thrusters immediately need to adjust their direction to compensate.
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Additionally, it is important to check whether the E-motor, the DP-system and the propulsion control system
can handle quick power ramp-up and that the system does not become unstable (Boletis, de Lange, &
Bulten, 2015).

Case study on thruster steering speed impact

The above study using a DP controller showed the impact of increasing steering speed of the thruster on a
SOV vessel. A second study has been performed to get an idea of the impact of steering speed for a larger
vessel. Due to the inertia of a larger vessel the vessel is expected to respond slower. To investigate the
impact that steering speed on different size vessels would have on vessel dynamic DP performance a
dynamic, time-domain simulation model has been created. The model is based on an instant disturbance of
the environmental force, which is balanced by the controlled thruster force. The response rate of the thruster
unit depends on the applied steering gains in the model. Larger gains result in faster steering rates. Because
the change of environmental force in real operations is not known a priori, the step-size of the angular

Angiar sicp

Dynamic model

Steering gain

Steering speed

Figure 12: Concept of time-domain dynamic model to investigate impact of thruster steering speed on vessel dynamic DP
performance.

change has been varied. When reviewing the results of the various runs, it was found that all data could be
scaled to a single curve, which indicates that the behavior from the dynamic model represents generic
behavior. Figure 12 shows the block diagram of the dynamic model. The impact of the vessel inertia is taken
into account in the dynamic simulation. To study the impact on different vessels, the dimensions of both an
SOV (LPP=78m) and a WTIV (LPP=207m) have been implemented. The magnitude of the changing
environmental force has been set to a percentage of the installed total thrust, to have a comparable approach
for both vessels.

As mentioned before, the results of the vessel dynamic excursion as function of the thruster steering speed
can be mapped on a single curve, based on scaled parameters. However, for easier understanding the
comparison is shown in Figure 13 for a constant step-size of angular force change of 60°. In this diagram
the normalized vessel excursion (dx/Lrp) is shown as function of the thruster steering speed (in rotations
per minute). For reference, 2.0 RPM rotation speed means 720°/min = 12°/sec. The diagram clearly shows
that a faster steering rate results in less excursion of the vessel. If 2.0 RPM is considered the reference
value, then the SOV would have a maximum excursion of 2.8% of LPP for the applied force. Doubling the
steering speed results in half the excursion distance. For the much larger WTIV vessel the shape of the
curve is similar, though the impact of the inertia reduces the actual impact of the thruster steering speed.
The normalized maximum excursion reduces from 0.6% to 0.3% when the steering speed is doubled.
However, when the maximum normalized excursion of the WTIV is compared to the SOV at same thruster
steering speed, the difference will be significant: 0.6% vs 2.8% at same step-size of angular force change.
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Figure 13: Comparison of vessel dynamic DP performance of SOV and WTIV for different thruster steering speeds

Based on this dynamic simulation it is concluded that the benefits of fast steering speeds for azimuth
thrusters are more dominant for smaller vessels (OSV, SOV, PSV). In cases where larger vessels (WTIV,
OCV, drill-ships) are considered, the benefits will be less pronounced and therefore the higher steering
speed can be regarded as a nice-to-have feature.

Conclusion

In the last decades, new aspects like electrification and decarbonization have become more important for
steerable thrusters for DP applications. These themes have given more importance to achieve low fuel
consumptions by having high performing thrusters for all operating conditions. To be able to follow these
demands steerable thrusters are continuously improved and new features are being added.

To be able to know what the best selection is, a good understanding is needed which features need to be
used in which cases.

The increased maturity of tools like CFD has given the opportunity to further develop the thrusters and
improve the efficiency. This can be done by streamlining thruster housing and improving inflow to the
propeller as well as looking at special nozzles that compromise between DP and Free Sailing without the
need for large test programs.

With reduced fuel consumption in mind, it is important to focus on the real operating condition when
selecting a thruster. In cases where free sailing at high speed is important, often it is assumed that open
propellers are the best choice, however this is not always the case. Though it might be true for vessels at
certain thrust loading coefficients being operated under ideal circumstances with calm weather, the situation
can change when considering harsh weather conditions. To implement the more realistic weather
conditions, the concept of a sea margin is used. It is shown that for a vessel is sailing at reduced speed the
representative sea margin is significantly larger than the default value and that situation should be analysed
to check what the overall best solution is (open vs ducted propeller). Nozzles more specialized for free
sailing can also be a possible better solution and should be evaluated.
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In DP operations an 8-degrees tilted shaft line can significantly reduce interactions, both with the hull and
with other thrusters. Analysis of the reduction in interaction and the correct thruster locations, can reduce
the interaction significantly. This leads to more efficient solutions, and more reliable and safer DP.

A trend is ongoing towards faster steering speed and faster powering. It is clear that increasing the reaction
time of the thruster can improve the footprint of the vessel. However, the study in this paper shows that the
effect of bias operations, and the allocation of the thrusters, plays an important role in the outcome. Bias
operation can reduce the error significantly at the cost of increased power levels at the thrusters.

The thrusters ability for faster steering speed or faster powering ramp-up is not the only factor in the
footprint of the vessel, it is important to check the influence and impact on the E-motor, propulsion control
and DP System.

The DP System benefits of fast steering speeds for azimuth thrusters, is more dominant for smaller vessels
(OSV, SQV, PSV). When larger vessels (WTIV, OCV, drill-ships) are considered, the benefits are less
pronounced and therefore the higher steering speed is purely a nice-to-have feature.

The propulsion is a part of a complicated system and therefore steerable thrusters need to be considered as
part of it. Collaboration is key using the correct operating profile, and the benefit of the different options of
thrusters to be able to fulfil the requirements of the vessel.
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