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Summary

For many years, 'het Loodswezen’ has relied on its tenders to transfer pilots to and from cargo vessels, with
the primary focus on ensuring safety of both crew and pilots. In response to evolving emissions regulations
and industry developments, the organisation launched the 'Tender of the future’ project. This initiative also
provided an opportunity to enhance safety and comfort by redesigning the hulls of their tenders to address
slamming, a significant issue observed in the latest tenders, the M-class. This challenge shaped the objec-
tive of this Master’s Thesis: "Delivering a new hull design for the tenders of ’het Loodswezen’ which will
reduce the vertical accelerations caused by waves compared to the currently used L- and M-class tenders."

The first sub-question towards achieving the main objective is: "Which width is the optimal trade-off be-
tween a safe and efficient mode of operation and a high L/B-ratio?" This question was explored from two
perspectives. From a safety standpoint, it involved examining the expertise of 'het Loodswezen, relevant
regulations, literature and consultations with Damen to identify the narrowest width that still ensures safety.
From a practical perspective, simulations were conducted using Fastship (a tool designed for evaluating ver-
tical accelerations of vessels by analysing cross-sections as falling wedges in the early design stages). These
simulations were used to assess the impact of varying widths, achieved by scaling the Stan Pilot 2205, on
vertical accelerations. The combined results of these analyses identified the optimal breadth for a tender
of 'het Loodswezen’ as 6.46 metres, a design that reduces the vertical accelerations with 10% compared to
current tenders while maintaining safe and efficient operations.

In the subsequent phase, the bow and overall hull design were iteratively refined from a standardised plan-
ing hull towards the optimal design concept for a pilot tender of 'het Loodswezen. Many iterations were
performed and all simulated in Fastship in order to analyse its peak vertical accelerations. These peak val-
ues were used to define comfort, as the crew will base their actions on the highest impacts rather than on
average vertical accelerations. The main focus of the iterations was on:

* Maintaining the required initial stability.

* Increasing the deadrise angle to 25 degrees.

* Introducing a twist by increasing the deadrise angle toward the bow.

* Implementing a spray rail to enhance hydrodynamic performance by ensuring that the water is sep-

arated from the hull.

» Raising the deck at the bow to increase the reserve buoyancy to prevent bow diving.

* Widening the deck at the bow to ensure that the same operational procedures can be applied.

These iterations culminated in the final bow and hull design, optimised for the tenders of "het Lood-
swezen'. This design reduces peak vertical accelerations in the bow while maintaining resistance and oper-
ational efficiency, achieving a balance between performance and comfort for safe and effective pilot trans-
fers.

Reducing the bow flare and narrowing the bow have proven to positively affect vertical accelerations but in-
troduce potential challenges maintaining efficient operation with the current working methods. To address
this issue, the next sub-question was posed: "Can the deck be shaped in such a way that the drawbacks
to operational efficiency are minimised while the flare in the bow is significantly reduced?" Through sev-
eral iterations, a deck design was developed that enhances operational performance without substantially
increasing vertical accelerations. This was achieved by incorporating overhangs in strategic locations, en-
abling the tenders to operate effectively at an angle against cargo vessels.

A prominent feature often discussed in the context of improving confort and reducing emissions is the use
of hydrofoils. At the request of 'het Loodswezen’, a study was conducted to evaluate the feasibility of inte-
grating hydrofoils into pilot tenders. Since existing literature primarily focuses on the advantages and dis-
advantages of hydrofoil for conventional planing vessels, consultations were held with with two specialised
companies. Following a comprehensive analysis, it was determined that incorporating hydrofoils would re-
quire a total shift in planning and operations and a complete new and lighter tender design. Consequently,
it was concluded that the investment is unjustifiable.
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A final design was developed that reduces vertical accelerations with 27.8% compared to a standardised
planing hull while maintaining operational efficiency and considering resistance. However, the results
should be interpreted with caution, as they are based on simulations using a basic version of Fastship with a
limited number of input parameters. These simplifications enabled rapid evaluations but inherently affect
the precision of the results.

It is important to note that this design represents a conceptual model. Further research and develop-
ment are required to obtain reliable results for the actual design. For instance, the LCG plays a crucial role
in performance but was, for simplicity, aligned with the LCB in this conceptual phase. In subsequent stages,
the LCG should be carefully established to positively influence the results. Additionally, the hull fairing re-
mains to be completed, a necessary step for generating a hull shape suitable for resistance calculations in
simulations.

With these advancements, a comprehensive simulation can be conducted by Marin, for which budget
has already been allocated. This simulation will provide a more accurate comparison of the new design with
the existing L- and M-class tenders of "het Loodswezen, ensuring a robust evaluation of its performance.
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1 Introduction

1.1 Background

For numerous years, 'het Loodswezen’ has utilised its tenders to ensure the safe transfer of pilots to large
cargo vessels entering Dutch ports. This operation, inherently challenging, prioritises the safety of pilots
and therefore, safety and comfort of the pilots and crew was one of the key parameters in the tender designs.
However, developments and regulations regarding emissions and the environmental impact of the maritime
industry required a fresh and innovative approach for the existing tender designs. In response, the project
"Tender of the Future’ was initiated. This initiative explores potential fuels, features and designs for new
tenders, as the near future will require entirely new and innovative tenders to meet the emission goals set
by 'het Loodswezen’ itself and the government’s regulations.

As part of this effort, the M-class tender has already been designed, built and taken in operation. This
new design is approximately 15 tonnes lighter, which reduces fuel consumption and, consequently, emis-
sions. However, the lighter design has resulted in severe slamming and a reduction of onboard comfort,
according to the crew and pilots. Issues such as sickness among crew-members and pilots have emerged.
Furthermore, some have even expressed the unwillingness to operate this tenders as the comfort and safety,
one of the key fundamentals of "het Loodswezen, is compromised.

To address these challenges, the opportunity to reevaluate the hull design and create a one has been in-
cluded in the 'Tender of the Future’ project. The aim is to enhance safety and comfort by minimising vertical
accelerations and course instability caused by waves during pilot transfers and sailing operations. This will
make the sailing experience more comfortable for the crew and pilots. The decision to incorporate such a
study into the project has led to the development of this Master’s Thesis, which will focus on this subject.

1.2 Research Objective and Subquestions

It became clear that 'het Loodswezen’ wants to develop a new hull design for their future tenders and that
this hull design should provide more comfort in comparison to the current fleet, in order to ensure safety
and comfort during operations. This has led to the following goal of my Master’s Thesis: "Delivering a new
hull design for the tenders of "het Loodswezen’ which will reduce the vertical accelerations caused by waves
compared to the currently used L- and M-class tenders."

To achieve this main goal, different supporting subquestions need to be solved:

e Which width is the optimal trade-off between a safe and efficient mode of operation and a high L/B-
ratio?

¢ To what extend can the bow and hull be modified to reduce peak vertical accelerations, without com-
promising the current mode of operation?

¢ What mechanisms or design concepts could be implemented to mitigate the drawbacks of a AXE bow-
like hull design?

e Can the deck be shaped in such a way that the drawbacks towards the operational procedure are
minimised while the flare in the bow is significantly reduced?

1.3 Content overview

Before diving into these subquestions, three key aspects will be addressed in chapter 3 to provide a foun-
dation towards the optimal hull shape for the 'Tender of the Future’ of ’het Loodswezen'. First, an overview
of the fundamental principles of the pilot process conducted by 'het Loodswezen’ will be presented. This
will be followed by a brief review of the current tenders in operation. Finally, feedback from users about the
tenders of today will be summarised in order to map which aspects are felt as uncomfortable.

Based on these insights, the initial design constraints will be outlined in chapter 4. These constraints are
partly derived from the current operations of 'het Loodswezen’, ensuring workability and safety. Addition-
ally, constraints are established to provide a clear framework, narrowing the project’s scope and ensuring its
completion within the available resources.



Following the discussions in chapter 3 and 4, in which the boundary conditions are drafted and the current
tenders and mode of operation have been analysed, the research into the optimal hull shape will begin.
This research will be structured around addressing the research questions above related to various aspects
of hull design.

Chapter 5 will focus on determining the optimal beam by answering the question: "Which width is the
ideal trade-off between a safe and efficient mode of operation and a high L/B-ratio?" To answer this, an
analysis will be conducted using Fastship to evaluate the effect of the L/B-ratio on the vertical accelerations
in head seas of the SPi 2205. Additionally, insights from Damen and ’het Loodswezen’ regarding safe and
efficient operations will be incorporated.

In chapter 6, the bow and hull shapes will be developed through an iterative process, with simulations con-
ducted in Fastship to assess the vertical accelerations in head waves and identify opportunities for improve-
ment. The aim is to balance hull performance with operational safety and efficiency by addressing the fol-
lowing questions:
¢ To what extend can the bow and hull be modified to reduce peak vertical accelerations, without com-
promising the current mode of operation?
* What mechanisms or design concepts could be implemented to mitigate the drawbacks of a AXE bow-
like hull design?
The main objective of this research project is to develop a new hull design that reduces the vertical accelera-
tions in head seas. As aresult, the new hull shape will differ significantly from the current tenders. Literature
indicates that radical designs, such as those with narrow bows, can effectively achieve these reductions, as
explained in chapter 6. However, according to "het Loodswezen’, AXE bow-like hull shapes may have certain
drawbacks. They argue that such designs compromise the vessel’s ability to sail under an angle during pilot
transfers and limit manoeuvrability. Consequently, the research will explore mechanisms to mitigate these
challenges.

Chapter 7 will explore the potential of designing the deck in such a way that it will enhance the efficiency of
the current mode of operation while reducing the flare in the bow significantly. So, the following question
will be addressed: 'Can the deck be shaped in such a way that the drawbacks towards the operational pro-
cedure are minimised while the flare in the bow is significantly reduced?’

In chapter 8, a sensitivity study will be performed in order to analyse to what extend the results are influ-
enced by different parameters. This sensitivity study will then be used to evaluate to what extend and how
the results can and should be interpreted.

The thesis will be finalised with a conclusion of the final design developed, followed by recommendations
for further research to refine and advance the proposed design.



2 Methodology

The primary goal of this research project is to deliver a new hull design for the tenders of 'het Loodswezen’
which will reduce the vertical accelerations caused by waves compared to the currently used L- and M-class
tenders. Achieving this requires a systematic approach, involving research into various aspects of design
and operation. This chapter outlines the method and subquestions that guide the process towards realising
this goal.

Understanding 'het Loodswezen'’ is a crucial first step. Insight into their operations, equipment and specific
requirements is obtained through meetings with the Managers of operation (MO’s) from the different re-
gions in which they are active. These discussions cover operational areas, pilot transfer methods, feedback
on the current tenders and region-specific requirements.

Following this, an analysis of the existing L- and M-class tenders is conducted, focusing on their be-
haviour in waves and general specifications. This includes consulting a study by Marin and data from the
tender database. These findings form the baseline for developing the new design.

Next, boundary conditions are defined to guide the design process and ensure feasibility within the given
resources. These include parameters such as wave height limits, vessel dimensions, stability requirements
and operational constraints. The boundary conditions are derived from existing tender data, feedback from
the MO’s and practical research limitations.

The design process begins with an investigation of the L/B-ratio, a key factor influencing vertical acceler-
ations of planing vessels [5]. While the tender’s length is fixed at approximately 22 metres, matching the
current designs, the width becomes a critical factor to explore. The width impacts both pilot workability
and the vessel’s seagoing behaviour. Therefore, the question arises: "Which width is the optimal trade-off
between a safe and efficient mode of operation and a high L/B-ratio?”

To address this, a base model, the Stan Pilot 2205 from Damen, will be adapted to create designs with
varying breadths. These designs will be tested in Fastship to evaluate the relationship between breadth
and vertical accelerations in waves. To ensure operational safety and efficiency, insights from literature,
internal knowledge of 'het Loodswezen’, consultations with Damen and relevant regulations will guide the
assessment of whether reducing the current breadth of 6.86 metres would compromise these aspects. This
comprehensive analysis will help identify the ideal trade-off for the new tender design.

Another critical factor influencing vertical accelerations is the bow design and in extent the overall hull
design. While optimising the bow shape can enhance seagoing behaviour, it may introduce challenges to
the current mode of operation. To balance these considerations, the following questions must be addressed:
* To what extend can the bow be modified without compromising the current mode of operation?
e What mechanisms or design concepts could be implemented to mitigate the drawbacks of specific
bow design?

The first question will be explored through an iterative process, where each design iteration will be sim-
ulated in Fastship and thoroughly analysed to identify the optimal bow configuration. The second question
will be addressed through a targeted literature review to uncover viable solutions for minimising potential
drawbacks associated with bow design changes.

The bow and, by extension, the hull design may introduce challenges to the operational procedures. One
way to address these challenges is through an intelligently crafted deck design, which can facilitate easier
handling of the tender during operations. This raises an important question: "Can the deck be shaped in
such a way that the drawbacks to operational procedures are minimised while the flare in the bow is signifi-
cantly reduced?" Answering this will involve balancing the needs of operational functionality with structural
and hydrodynamic considerations.

Once all these subquestions have been addressed, the final tender concept will be developed. The final step
involves evaluating the results to ensure their reliability and to identify any additional considerations that
may need to be provided. This will accomplished by conducting additional simulations. One set of simu-



lations will examine the impact of the LCG on the results, while another set will explore the effects of the
limited number of input parameters and the use of a basic version of Fastship.

With all these steps finished, a conclusion can be drawn on whether or not the main objective is achieved.
Furthermore, recomendations towards further research can be addressed.



3 Mode of Operation and Current Tenders of ’het Loodswezen’

The introduction indicated that safety of the pilots is of top priority for 'het Loodswezen. However, this
priority is somewhat compromised in the tender designs and specifically in the M-class design, the newest
tender of 'het Loodswezen’, due to the severe slamming experienced. Therefore, a new hull design is re-
quired to reduce the vertical accelerations in head waves. To generate such a design, it is essential to first
understand the mode of operation of "het Loodswezen’ and the current tenders they use. This information
will be provided in this section.

As outlined in the introduction, the main goal is to develop a new hull design for the tenders of "het Lood-
swezen’ which will reduce the vertical accelerations in head waves compared to the L- and M-class tenders.
While reducing the vertical accelerations is the main focus, several other factors also influence the design.
One key factor is the mode of operation, which imposes specific requirements on the design. To gain a
better insight in the modus operandi, the MO’s were interviewed, as it differs from that in other countries.

The first aspect of the pilot method is quite straightforward. The tender picks up pilots from shore or the
P-class vessel, which lies close to the pilot station at sea on which pilots can take a rest, and sails of towards
a cargo vessel. Once the cargo ship has adjusted its course and speed as requested, a 'controlled collision’
will take place. After this ’collision), the tenders will sag out towards the ladder, where the pilot transfer will
occur. Once the pilot has made the transfer, the tender will keep direct contact with the cargo ship under an
angle instead of in a parallel way, as in other countries. The main driver of this is the safety of the pilot. If the
pilot would fall from the ladder, he will drop in the water instead of on the deck of the tender and therefore
the risk on severe injuries or even death is heavily limited.

Next to the pilot method, also basic knowledge of the tenders is usefull information for a new tender design.
"Het Loodswezen'’ uses five different classes of tenders, the Aquila-, Discovery-, H-, L- and M-class. The
M-class is the newest class, with only 2 of the 5 tenders already in operation. The H-class is the only steel
tender and propelled with propellers instead of jets. This because this tender is designed for icy conditions.
Since the MO’s gave most of their feedback on the Discovery-, L- and M-class, these are the only tenders on
which extra info was gained. The overall dimensions of these three tenders are given in table[1}

Table 1: Main dimensions of the Discovery-, L- and M-class

Discovery-class L-class M-class
Loa (m) 20.95 22.37 22.8
Lwl (m) 17.53 19.09 20.5
Boa (m) 6.35 6.86 6.86
Bmoulded (m) 5.5 5.86 5.8
Tdesign (m) 1 1.2 1.1
D (m) 2.7 2.87 2.87
Displacement (tons) 37 58.36 49.9

Further research on the tenders was conducted to understand the current experiences and seakeeping
behaviour. Meetings with the MO’s revealed that the crew overall has negative experiences with the M-
class. They claim that more severe slamming occurs when sailing the M-class compared to other tenders.
To investigate this, a study into the seakeeping behaviour of the M- and L-class was performed by Marin.
Conclusions from Jaap Gelling showed that there was indeed an increase in vertical accelerations, which
can be seen in figure[I} and so the concerns of the crew and pilots have been confirmed. In a further stage
in this Master’s Thesis, the designs will be analysed more closely to understand what causes this difference.
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Figure 1: Comparison of the vertical accelerations in head waves

Another interesting aspect was found when evaluating the Discovery-class and more in particular the
Enterprise, an adapted version of the Discovery-class. In 2016, this tender was adapted in order to test a
new bow design. The actual modification was to attach a new bow over the already existing one, as can
be seen in figure 2] This bow was much sharper and added waterline length and weight, but, according
to the engine data, managed to reduce the fuel consumption. Furthermore, the seakeeping behaviour of
the modified Enterprise is better compared to all other tenders in some of the MO’s opinion. The question
arises if this is the result of the sharper bow and added weight, but has not been investigated as there were
no measurements performed.

Figure 2: Adjusted bow of the Enterprise ([I])



4 Boundary Conditions

When observing vessels entering and departing from ports, a significant diversity in shapes and dimensions
can be noticed, reflecting their specific operational purposes. This diversity suggests that developing a new
hull design entails making a multitude of decisions among an abundance of existing options. To narrow
down these choices, boundary conditions can be established based on the intended function of the vessel.
This chapter will elaborate this process for a pilot tender of 'het Loodswezen’.

As discussed earlier in the introduction, the goal of this Master’s Thesis is to develop a new hull-design for
the tenders of 'het Loodswezen'. Therefore, the purpose of the vessel is to provide safe and quick transfers
from shore to cargo ships and vice versa for pilots. This operation goes hand in hand with a specific working
method, as explained in the previous chapter, which will set boundary conditions to the design.

From the working method and as repeated already several times, it is crystal-clear that pilot safety is the
main priority for "het Loodswezen’. Therefore, this specific working method should be maintained as it
guarantees a safer working environment. In addition, it is not in the scope of the Master’s Thesis to develop
a new working method which will suit a potential new design. Therefore, the new hull design must not
compromise this fundamental working principle of 'het Loodswezen.

Another important aspect of the pilot process for the new hull design is the required service speed, deter-
mined by factors such as pilot schedules, locks, sailing distances, tender availability, and emissions. Various
options exist to ensure every cargo ship is provided with a pilot, from longer waiting times to increased ten-
der deployment. However, it was decided to maintain the current service speed of 28 knots for simplicity.
Furthermore, the MO’s stated that the service speed will drop in heavier seas due to a voluntary speed reduc-
tion to reduce the intensity of impacts, for example: to 18 knots at a significant wave height of 2 metres and
even to 13 knots at a significant wave height above 2.5 metres. It is decided to include these voluntary speed
reductions in the research and therefore the speed at a significant wave height between 2 and 2.5 metres
will be set at 18 knots. The primary reason for selecting these service speeds is that a comprehensive study
is needed to determine which option would most effectively reduce emissions. For instance, decreasing the
service speed could lead to longer waiting times for cargo vessels, increasing emissions, or require more
tender deployments, which also increases emissions. The environmental impact of these options must be
studied before making an informed decision. As this analysis is beyond the scope of the Master’s Thesis, the
current service speed was chosen for simplicity. Additionally, maintaining the same service speed ensures
a valid comparison between the behaviour in waves of the new hull design and the tenders currently used.

In table(1} the main dimensions of the Discovery-, L- and M-class are depicted and will be used for a next
set of boundary conditions. Since a new hull design is required, not all these dimensions will be used as a
boundary condition, but only as a reference. However, some dimensions will be set as a boundary condition:
the length overall, the displacement and draught. The length overall is constrained by the Koopmanshaven
in Vlissingen. In this narrow harbour, the tenders should be able to make a 180-degree turn and therefore
the length overall of the current tenders is the maximum length which allows these vessels to execute these
manoeuvres. Given this boundary condition, the length overall of the new tender design cannot exceed 22.8
metres. Regarding displacement, this boundary condition is set due to weight considerations. In order to
realise a fair comparison between the current tenders in service and the new hull design, a realistic weight
for the new hull design should be selected. It is assumed that the weight of the M-class represents the mini-
mum achievable weight for a tender of "het Loodswezen'. This assumption is based on the explanation from
"het Loodswezen’, which claims that only essential systems are installed on the Mira to minimise weight.
Therefore the boundary condition concerning the displacement states that the weight of the new tender
must equal a displacement of 45 tonnes (Mira without ballast). The final dimension is the draught, which
will be held the same as for the M-class as well. The driver behind this decision is conformity, especially in
Vlissingen, where they cooperate with the Belgian pilot service. In order to maintain efficient operation, the
MO'’s asked to keep the depth the same.

When analysing a design, one of the first checks that have to be performed is the stability. This will be done
by determining the GM of the vessel. In consultation with Jaap Gelling and based on the Stan Pilot 2205, a



minimum GM value of 1.5 metres was identified as being required for a pilot tender.

Furthermore, the GM is based on the KG of the vessel. Since only the hull will be designed in this thesis
and no mechanisms or systems will be implemented, the KG cannot be determined accurately. Therefore,
the constraint is set to select a CoG(z) of 2.1 metres, which is equal as the CoG(z) of the Mira.

A last aspect of the stability is the CoG(x). For the same reason as the CoG(z), it is impossible to deter-
mine the CoG(x). Therefore, the CoG(x) will be set equal to the CoB(x).

A final set of boundary conditions is based on the weather conditions in which the tender will sail. These
conditions should be set during the design phase, as the design will be tested in only a few scenario’s in order
to speed up the testing process and as a result the design phase. These conditions are not picked randomly,
but are based on a previous evaluation of the M- and L-class tender. The average conditions, as described
by Lex Keuning [6], of sea state 4 are selected to be the conditions in which the preliminary designs will be
tested and are presented below:
* Ty =6s, Hy/3 =2.25m and a forward vessel speed of 18 knots

By developing these boundary conditions, the options for the hull-design have been narrowed down and it
should be possible to develop specified for a pilot tender of "het Loodswezen'.



5 Width of the Vessel

A first parameter that needs to be set is the width of the vessel. There are several aspects which could deter-
mine the breadth of a vessel. In this chapter, the most important ones will be discussed and there influence
will be examined and clarified.

5.1 Width determination based on literature, principles and findings of ’het Loodswezen’

First of all, a closer look towards the beam of the current tenders has been taken. This was done by reviewing
datasheets from the tenders and by interviewing the MO’s, as stated earlier. The datasheets showed that the
width overall of the Aquila-, L- and M-class tenders is uniformly around 6.8m. In contrast, the width of the
Discovery class is somewhat smaller and equals 6.35m, as can be seen in table |1l More info about these
numbers was provided by the MO’s. Apparently, the principal idea behind these uniform dimensions is that
it would make operating with different tenders easier for the crew.

The MO'’s claimed that more severe slamming was experienced with the M-class, which was also con-
firmed by Marin, as stated in chapter[3] Analysing the designs of the different tenders more closely and
discussing these findings with the MO’s with the data presented in figure|1|in mind helped understanding
these differences in vertical accelerations. The main reason behind this difference is the increase of flare
above the second spray rail of the M-class. A comparison of the designs of the L- and M-class is provided
in figure 3} in which the blue circle clearly indicates the flare difference. Although the hull was designed to
reduce vertical accelerations, the requirement to set the width at 6.8 meters and maintain the same deck
circumference led to this flare increase, thus counteracting this effect. By this, it could be stated that reduc-
ing the flare (and to extent the width) of the M-class could have a positive effect on slamming. This is in line
with the findings of the MO’s, which is that the smaller Discovery-class tender offers more comfort in waves
compared to the wider M- and L-class.

L-class

M-class

Figure 3: Comparison of the designs of the L- and M-class

However, the conclusion drawn above to reduce the width of the tender is solely based on the interpretation
of the data presented by Marin and the opinions of the MQO’s. For this reason, studies and literature were
used to examine if these opinions could be substantiated.

Literature about the Delft Systematic Deadrise series (a database of planing hull forms which has led
to a new and rapid assessment method for the hydrodynamic performance of planing boats using speed
independent polynomial expressions for resistance, sinkage and trim) showed two main conclusions con-
cerning the seakeeping behaviour of fast planing hulls:

* First, a higher deadrise angle results in better seakeeping, with a small paid penalty on the resistance

in case of a high L/B-ratio [7].

* Second, a high L/B-ratio also enhances seakeeping [5].

The importance of a high L/B-ratio was not only emphasised in this literature but also in studies of the
enlarged ship concept. The primary principle of the enlarged ship concept is to select a ship, which already
meets the customer requirements, as a starting point and lengthen it forward of the accommodation while



keeping all the other dimensions the same. The idea behind this is to increase the L/B-ratio and to move
the accommodation relatively more aft [8].

Based on these studies, it is evident that increasing the L/B-ratio will indeed improve the seakeeping
behaviour of the tenders. However, given the boundary condition that the vessel’s length overall cannot ex-
ceed 22.8 metres, the potential to increase the L/B-ratio by lengthening the waterline is very limited. Con-
sequently, the increase of the L/B-ratio will be achieved by reducing the width of the tender. Due to this,
an important note regarding the effect of the enlarged ship concept has to be made. It was already men-
tioned that the main idea of this concept is to lengthen a ship in order to move the wheelhouse more aft and
increase the L/B-ratio. However, because of the length restriction mentioned, the wheelhouse will not be
relocated relatively more aft. Therefore, one of the key benefits of the enlarged ship concept to reduce the
vertical accelerations experienced by the crew is lost.

Another parameter that influences the width of the tender is safe operation. As explained before, the tenders
of ’het Loodswezen’ are utilised to ensure safe transfer of pilots to cargo vessels entering and leaving Dutch
ports. During this operation safety of the pilots is prioritised. For this reason, each design parameter has to
be evaluated from this point of view as well. Taking into account this parameter, the MO’s have indicated
that the width of the gangways is an important factor. This because the wide gangways will prevent crew
and pilots from being trapped between the deckhouse and the hull of the cargo vessel in rough seas. It
is straightforward to assume the same width for the new tender design as for the L- and M-class, as it is
agreed within 'het Loodswezen’ that the gangways are wide enough. However, another aspect of the safety
of the pilots is the vertical accelerations experienced by them and the crew. From literature, it became clear
that reducing the width of the tenders will lead to a reduction of the vertical accelerations and therefore
increases safe operation. As a result, further research was conducted in order to find the minimal width of
the gangways which still ensures safe operation.

In table[]} it can be noticed that the breath overall of the Discovery-class is 0.5m smaller than the L- or M-
class, the breadth overall is respectively 6.35m and 6.86m. It should be figured out by what a width difference
is. A closer look at the design plans of both the L-class and Discovery-class brings up a first difference. The
gangways of the Discovery-class are 0.85m wide and even 0.62m at the smallest point with the stairs, as can
be seen in figure 4| The gangway of the L-class on the other hand has a width of 1m. Another difference
can be found in the width of the gangway in the wheelhouse between the chairs of the passengers, which is
respectively 1m and 0.8m for the L- and Discovery-class. These differences only affect the passengers and
crew, but on the other hand, also the engine room and wheelhouse is smaller and therefore, space difference
between engines, electronic devices etc. will be different as well.

,f'
L

P

Figure 4: Top view of the main deck of the Discovery class

The main take away is to evaluate if a pilot tender could be made more slender without compromising
safe operation. Since some MO’s indicated that the Discovery class was preferred and no shortcomings
were mentioned about the gangways, the conclusion can be drawn that the gangways could be made at
least 15cm smaller and the gangway in the wheelhouse at least 20cm smaller.

This is solely based on the tenders of 'het Loodswezen’ and the findings of crew and pilots. It is evident
that checking if the gangways are wide enough for safe and efficient operation is quite a subjective given.
However, it is still possible to check this opinion and generate more information about these parameters in
order to be able to form a more global based conclusion about this. Therefore, Damen was consulted. They
design and build pilot tenders for customers all over the world and have a better inside in what is found safe
and efficient in comparison with 'het Loodswezen), as their opinion is solely based on their experience with
their own tenders and dutch pilots.
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After consulting Damen, a better insight in the width of the gangways was provided. First of all, it should
be noted that there are no (inter)national regulations concerning the width of the gangways of pilot tenders.
It is up to designers, builders and pilot institutions to determine the width of the gangways. Damen always
consults their clients in order to gain their requirements about the width of the gangways, which is gener-
ally determined by the crew and pilots operating the tender. Overall, according to Damen, pilots require a
minimum width of 0.9 metres.

Considering safe and efficient operation based on findings of "het Loodswezen, literature and consultations
of Damen, the conclusion can be drawn that a width of the gangways equal to 0.9 metres is more than
sufficient. In consultation with "het Loodswezen’ this width could even be reduced and set at 0.85 metres,
which equals the width of the gangways of the Discovery-class. For now, taken a width of 0.9 metres and
reducing the width of the gangway in the wheelhouse with 20 cm, the minimum breadth overall of a pilot
tender for safe and efficient operation equals 6.46 metres.

5.2 Effect of L/B-ratio on the vertical accelerations of Pilot Tenders

In the previous section, a minimum beam for safe and efficient operation was set based on literature and
findings of 'het Loodswezen'. This consideration of safe and efficient operation included vertical accel-
erations, which is the main driver of the new hull design. However, the literature used to analyse these
accelerations focused on fast planing vessels rather than the specific pilot tenders. Therefore, additional
research will be performed to assess the actual impact of the L/B-ratio on a 22-metre pilot tender by varying
the vessel’s breadth overall. This research will be elaborated more in this section.

5.2.1 Set-up

Since the design is still in its early stages, a new hull design has not yet been developed. Therefore, a base
vessel will be used in Fastship to determine the optimal beam for the new tender design. The selected base
vessel is the Stan pilot 2205 from Damen, depicted in figure [5|with its main dimensions provided in[2}

To evaluate the effect of the L/B-ratio on the seakeeping behaviour of a pilot tender, the beam of the Stan
Pilot will be varied. The current tenders will serve as a reference, resulting in adjustments of the width to 6.86
and 6.46 metres. These values correspond to the By, of the M-class and to the minimum B, determined as
necessary for safe and efficient operation in section [5.1|respectively. However, research on the Discovery-
class suggests that further width reduction may be possible. To investigate this, the SPi 2205 will also be
analysed with its original width of 6.1 metres.

This analysis aims to assess whether reducing the width to 6.1 metres significantly affects vertical accel-
erations and whether consultation with "het Loodswezen’ is required to consider its feasibility. Additionally,
the study will evaluate whether there is a notable difference in seakeeping behaviour between tenders with
widths of 6.86 and 6.46 metres.

Figure 5: Stan Pilot 2205
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Table 2: Main dimensions SPi 2205

Loa (m) ‘ Boa (m) ‘ Tdesign (m) ‘ D (m) ‘ Displacement (tons)
227 | 61 | 091 | 26 | 48.43

The width of the tender will not be the only dimension that is varied, as varying only one dimension is not
feasible. However, the primary goal is to assess the effect of the L/B-ratio on the vertical accelerations by
adapting the tender’s width. To maintain the focus on this, most dimensions will remain unchanged. The
length overall, deadrise and displacement will be kept constant, while only the depth will be varied along
with the width of the vessel to ensure the same displacement. This approach is selected because the length
of the new tender design is constraint at 22.8 metres. Furthermore, increasing the deadrise angle is known
to improve the seakeeping behaviour of the vessel ([7]). Since the objective of this part of the research is to
analyse the impact of the L/B-ratio on the vertical accelerations by varying the width, adapting the deadrise
angle would distort these results, making it impossible to draw accurate conclusions on the impact of the
L/B-ratio.

5.2.2 Fastship

In the beginning of this section, it was mentioned that Fastship will be used to analyse the different designs.
However, before jumping directly to the results of Fastship, a short introduction of this program, in which
the designs will be simulated in head seas in order to analyse the vertical accelerations, will be provided in
this section.

Fastship was originally developed by Zarnick (1978) and later extended by Keuning (1994) and was a strip
theory based nonlinear mathematical model of the motions of a planing monohull in head seas [9]. How-
ever, Van Deyzen (2006) included the possibility to perform simulations in beam seas including roll.

Fastship is based on the dynamics of falling wedges in water. In the model, the vessel is split into cross-
sections (described from line 8 to 35 in Appendix A), each modelled as falling wedge with a known behaviour
of the force in time starting from an initial falling velocity. Using linearised potential flow theory for waves
combined with the instantaneous vertical velocity of the ship now as a model for the falling velocity, allows
to determine the force on a section of the ship in waves. Integrating these forces over all sections along the
length of the vessel gives the force input for solving a coupled set of equations of motion for the ship in a
seaway.

An important assumption in FASTSHIP is that there is no hydrodynamic interaction between sections [10].
And wave forces are not the only forces on the vessel. The ship is afloat and at forward speed the buoyancy
force needs to be corrected for the changed pressure distribution over the hull. The correction can only be
accounted for in an approximate way and is done by having an input parameter for the corrected buoyancy
(apf).

Forward speed also induces a total lift force on the ship that has to be determined from the geometrical
information of the individual sections, again in an approximate way and in the model represented by the
added mass coefficient (Cy,).

Both remarks show that the ay, f and C,, (2"¢ and 3'"* parameter in line 4 of Appendix A) are important
input parameters and should be chosen with care [9]. In Fastship these input parameters can also be calcu-
lated based on the sinkage and trim of the vessel using a simulation in calm water. This will be done for all
the designs discussed in this Master’s Thesis.

In order to determine the sinkage and trim of the design in calm water at a certain speed, Planing Hull
Form (PHF), developed by L.J. Keuning, J. Gerritsma and PE van Terwisga, was used. PHF is a prediction
program, based on model tests, to approximate the total resistance, trim and sinking of planing hull forms.
It should be noted that the accuracy for determining the sinkage and trim depends on how well the hull
under consideration fits within the shape variations that were considered in the experiments and therefore,
the results of Fastship could be slighty off.
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The final important input is the wave spectrum (shown in Appendix B), which is generated using the
Jonswap spectrum. This spectrum represents the various sea states of the North Sea. After this input file is
uploaded into Fastship, the simulation can be executed and the equations of motions will be solved. The
resulting data is then processed, with the probability of exceedance being calculated to asses onboard com-
fort. This approach is based on the research of Lex Keuning [11], which highlights that peak vertical accel-
erations and their associated probability of exceedance are the primary factors influencing comfort, rather
than the average accelerations, since the crew reacts on the highest impacts. Ultimately, these probability
distributions will be used to evaluate the performance of the different design iterations.

5.2.3 Results

Before analysing the results, it is important to address a specific consideration. As discussed in chapter
the sinkage and trim values were determined using the resistance program developed by the TU Delft,
which is based on the DSDS. The DSDS database comprises standard planing hull forms and does not ac-
count for the AXE bow featured in the SPi2205. Consequently, the calculated sinkage and trim values for the
SPi2205 may exhibit inaccuracies. However, following a detailed evaluation of the results and a consultation
with Albert Rijkens, it was determined that these deviations do not pose a problem for the purpose of this
comparative width analysis. Since all three designs incorporate the AXE bow, any deviations in sinkage and
trim occur uniformly across designs, ensuring that comparative analysis remains valid. Thus, the conclu-
sions derived from these results are considered reliable.

Probability of Exceedance of Pilot Tender (B=6.1m) Probability of Exceedance of Pilot Tender (B=6.46m)
100 100

Vertical Accelerations (m/s"2)
Vertical Accelerations (m/s"2)

0.6 0.4 0.6 0.4
Probability of Exceedance (%) Probability of Exceedance (%)
(a) Probability of exceedance for B =6.1m (b) Probability of exceedance for B = 6.46m

Probability of Exceedance of Pilot Tender (B=6.86m)

Vertical Accelerations (m/s~2)

S
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Probability of Exceedance (%)

(c) Probability of exceedance for B = 6.86m

Figure 6: Probability of exceedance of the vertical accelerations for the Damen SPi 2205 with different widths

The results from the Fastship analysis have been processed and the probability of exceedance of the vertical
accelerations at the bow is presented in ﬁgure@ The peak vertical accelerations observed are 62.5 m/s?, 72.9
m/s® and 80.5 m/s? for widths of 6.1m, 6.46m and 6.86m, respectively. A reduction in the width to 6.46m
would result in a decrease of the peak vertical accelerations by 9.44%, while a further reduction to 6.1m
would achieve a reduction of 22.36%. Based solely on these results, it can be concluded that minimising
the width, in this case to 6.1m, yields the most favourable outcomes. In other words, with the length held

constant, the highest L/B-ratio should be selected. This finding aligns with the conclusions of Van den
Bosch [5].
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5.3 Optimal width of the new tender

After analyzing the findings from literature, regulations, the operational experience of 'het Loodswezen),
insights from DAMEN Shipyards and the influence of beam variations on vertical accelerations in pilot ten-
ders, a conclusion can be drawn regarding the optimal beam for the new tender design. The conclusion in-
corporates the scope of this thesis, reducing the vertical accelerations while ensuring workability and safety.

Literature indicates that the L/B-ratio should be maximised to enhance the seakeeping behaviour [8], [5]
and [7]. However, practical considerations such as the space required for machinery and equipment impose
limits on how much the beam can be reduced. As discussed, it is possible to slightly narrow the gangways in
the wheelhouse and on deck. Based on consultations with Damen, a gangway width of 0.9m is considered
as common. In some cases, such as the Discovery-class, gangway widths as narrow as 0.62m have been
deemed sufficient. Considering these constraints, the optimal beam for the tender was set at 6.46 metres.

The study conducted using Fastship to evaluate the effect of the L/B-ratio on vertical accelerations con-
firmed that a higher L/B-ratio significantly reduces peak vertical accelerations. A reduction of up to 22.4%
is achievable if the beam is decreased to 6.1m.

However, reducing the width further raised concerns about safety and workability. Narrower gangways
could compromise safety during pilot transfers, especially in rough seas. Wide gangways on pilot tenders
are critical for protecting crew and pilots from being trapped between the deckhouse of the tender and the
hull of a cargo ship. Tragically, such an accident occurred with the Lacerta operated by "het Loodswezen),
resulting in a dead casualty [12]. To prevent similar incidents and ensure the safety of crew and pilots, the
gangway width for the new tender has been set at a minimum of 0.9 meters, precluding further reductions
in the vessel’s beam.

As a result, the optimal beam for the new tender design is established at 6.46 metres. This configura-
tion provides a balance between performance, safety and workability, while achieving an approximate 9.5%
reduction in vertical peak accelerations compared to the M- and L-class.
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6 Bow Design

Based on the literature research and as it will be elaborated in this chapter, the bow design could play an
important role in the seakeeping behaviour of vessels. However, certain bow shapes could influence the
operational procedures of 'het Loodswezen’ in a negative way. Therefore, ways should be found in order to
mitigate the disadvantages of proposed bow configurations. This could involve a specific deck design and
incorporation of mechanisms. Overall, a balance must be found in the bow design between reducing the
vertical accelerations and limiting the impact of the bow design on the current mode of operation, which
will be done in this chapter.

6.1 Proposed bow shape

The statement that there exist hundreds and hundreds of bow shapes, each with their function, purpose,
advantages and disadvantages should not be shocking. In the search towards bow shapes which will reduce
the vertical accelerations in waves, many concepts popped-up, some more promising than others, with the
most promising ones being the enlarged ship concept (ESC) and the Axe bow concept.

The ESC was previously introduced as a concept with the main idea to take a base vessel, which meets the
customer’s requirements, and lengthen it forward to increase the L/B-ratio and place the wheelhouse rela-
tively more aft [8]. In a further stage of this concept, it was observed that the vertical accelerations could be
further reduced with the introduction of bow modifications. These bow modifications were made possible
by the void space which is created by lengthening the ship. The main objective of these modifications is to
decrease the vertical peak accelerations, as this will enhance the operability of the vessels [11]. To achieve
this, extensive research was conducted on the non-linear behaviour of fast planing hulls in head waves. The
research revealed that the non-linear Froude-Krilov forces and the hydrodynamic lift forces influenced the
non-linear behaviour of the vessel the most. Consequently, to reduce the peak vertical accelerations, these
forces should be minimised [6] [13].

The first bow shape modification focused on minimising the non-linear Froude-Krilov force. In short,
the Froude-Krylov force is determined by integrating the hydrodynamic pressure in the undisturbed wave
over the instantaneous submerged volume of the hull. This leads to formula[I} where y,,(f) represents the
instantaneous waterline half beam of the cross section, A, (f) the instantaneous submerged transverse area
of the cross section and { the instantaneous wave height. This formula shows that if the Froude-Krylov force
has to be minimised, the change in the sectional y,,(#) and A,(#) has to be minimised when the section is
carrying out a vertical displacement with respect to the water surface. Translating this to the geometry of a
vessel, means that the flare of the different ship sections has to be reduced, especially in the fore ship. [6]

Frx=2xpxg*{*y,(1)+p*g* KG* Ax(t) 1)

The second aspect that influences the vertical accelerations most is the hydrodynamic lift. These hydro-
dynamic loads are calculated based on the added mass, which aligns with the slender body theory. Accord-
ing to this theory, the normal force on a transverse section of the hull, can be calculated by determining the
rate of change of momentum of the incoming fluid expressed in terms of added mass and the particular
cross section under consideration. Based on the analytical and experimental research by Lex Keuning [14],
the change in y,, (#) should be minimised, similar to the approach to minimise the Froude-Krilov forces.
Keuning argued that the non-linear added mass is much more important for the time dependent magni-
tude change of these hydrodynamic forces than the frequency dependency of the sectional added mass.
Furthermore, since this sectional added mass at high encounter frequencies (fast ship in head waves) may
be considered to be proportional to the change in sectional beam y,, (), it should be minimised. [6]
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Figure 7: Render of the fast crew supplier 5009 by Damen ([2])

This has lead to the introduction of the bow modified enlarged ship concept, the TUD4100, as explained
earlier. The changes made in the hull shape could be summarized by:

* Reducing the flare of the bow sections

* Narrowing the waterline

* Increasing the waterline length

* Deepening the fore foot

* Increasing the freeboard
These findings could be taken to a far more radical elaboration, which was done with the development of
the AXE bow concept [6]. The features of this design are the flare that is minimised to almost zero, the stem
that is placed almost vertical to increase the waterline length, increased sheer forward to minimise the risk
of green water on deck and guarantee sufficient reserve Buoyancy and lastly, the centreline of the hull has
been given a negative slope towards the bow, which can be seen in figure[7} Compared to the ESC 4100, great
care has been given to maintain a comparable pitch restoring moment and reserve Buoyancy. The impact
of the different concepts, ESC 4100, the modified bow of the ESC (TUD 4100) and the ABC on the vertical
accelerations in head waves can be seen in figure[8] Following the literature discussed above and the graphs
depicted in figure 8} the proposed bow shape in order to minimise the vertical accelerations would be the
AXE bow, however, in the next paragraph it is elaborated why this is not the case.
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Figure 8: Distribution of peaks of negative vertical accelerations at the bow for the ESC4100, TUD4100 and the AXE4100
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6.2 Considerations of the Bow Design

As discussed in the previous subsection, specific and well-considered bow designs are an effective way to
minimise the vertical accelerations in head waves. However, designing a tender with this goal for a com-
pany with a complicated operation profile such as 'het Loodswezen’ is not as straightforward as it seems
and therefore different limitations exist and considerations and solutions should be made and found.

Just like any new development in engineering, each bow design and concept has its pros and cons. The
literature discussed earlier will result in AXE bow for the new tender design with the main advantage that
the vertical accelerations will be much lower than the conventional bow shape of the pilot tenders of "het
Loodswezen. Another important advantage is that the resistance will also be lower than for conventional
hulls, due to the longer waterline and slender lines plan. [15]

According to the MO’s, there are some disadvantages of such a bow shape which outweighed the ad-
vantages and led to the choice for a conventional bow shape when designing the M-class tenders. It is
important to note that these disadvantages are solely based on the experiences of the crew and pilots of "het
Loodswezen’ and are not scientifically proven. A first disadvantage as well as the most important one is that
the AXE bow compromises the mode of operation as explained in chapter[3] The MO’s claimed that the AXE
bow has the tendency to sail parallel alongside a cargo ship, once the controlled collision has took place and
according to "het Loodswezen’ the safety of their pilots is being compromised.

A second significant drawback is the potential difficulty in sailing away from the cargo ship after the
pilot transfer due to the reduced manoeuvrability caused by the deepened forefoot. After a more in-depth
discussion with other MO’s and from Damen, it became apparent that the concern was not fully grounded
in marine engineering principles. Discussions with Damen revealed that piloting companies in other coun-
tries do not face major issues with reduced manoeuvrability of AXE bow-like shaped tenders. Damen ac-
knowledged that the manoeuvrability might be slightly lower, but emphasised that the jets on the tenders
of 'het Loodswezen’ could adequately compensate for this, ensuring that disengaging from the cargo ship is
manageable. It also became clear that the claim was more about the tendency of the AXE bow to sail parallel
alongside a cargo vessel rather than disengaging from it, which led to claims of poor manoeuvrability. This
highlights the importance of critically evaluating every opinion, proposition or claim, demonstrating that
these claims warrant consideration but are not scientifically substantiated.

Experience of MQO’s, experts and literature combined lead to a AXE bow-like shaped hull form of which the
tendency to sail parallel alongside a cargo vessel is limited, in order to prevent compromising the mode of
operation of 'het Loodswezen'. Different aspects could help to achieve this goal and are summarised with
the following three questions:
e Which mechanisms/concepts could be applied in order to reduce the drawbacks of an axe-bow like
hull shape?
¢ Could the deck be designed in such a way that the same mode of operation could still be used, while
the flare in the bow is heavily reduced compared to the conventional bow shape?
* To what extend can the bow be modified to reduce peak vertical accelerations, without compromising
the mode of operation?
After answering these three questions, a final bow design, including deck configuration and potential mech-
anisms to improve manoeuvrability can be selected in order to reduce the vertical accelerations compared
to the currently serving pilot tenders. These three aspects will be discussed in the following three subsec-
tions.

6.3 Iteration towards final bow and hull shape

This section focuses on the development of the final bow and hull shape through an iterative process. Mul-
tiple design iterations will be created and analysed to evaluate their impact on the vertical accelerations in
waves. The results from each iteration will inform adjustments, aimed at further minimising the vertical
accelerations.
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6.3.1 Series 65

The initial basis for the new hull design is a standard planing hull form. For this purpose, the Series 65,
depicted in Figure [9) was selected. However, the new tender design is subject to constraints established
in chapter [4] including the beam dimensions determined in chapter[5] Consequently, the Series 65 was
scaled to meet these specified dimensions, as detailed in table While the Series 65 is a well-documented
planing hull form, the vertical accelerations in head seas under these specific constraints remain uncertain,
necessitating further analysis in Fastship.

Before proceeding with this analysis, a preliminary stability assessment is required to verify whether the
initial stability of the scaled design meets the stability criteria. This evaluation will be based on the GM,
calculated using the following formulas:

BM = I,/ Displacement 2)
KM=KB+BM 3)
GM=KM-KG 4)

The waterplane area, KB, LCB and moment of inertia will be derived using Rhinoceros 7 software, while the
KG value is based on the Mira, set as boundary condition in chapter[d] Table [4] presents these calculated
values for the scaled Series 65.

In consultation with Jaap Gelling and based on the SPi 2205, a minimum GM value of 1.5 metres was
identified as necessary for a pilot tender. However, as shown in table[4] the adjusted Series 65 does not meet
this requirement. So, the hull design must be modified in the first iteration to increase the GM. Given that
the KG is constrained at 2.1 metres, this adjustment will involve modifying other aspects of the hull design,
potentially leading to increased vertical accelerations.

Table 3: Main dimensions Series 65

Lwl (m) | Boa (m) | Tdesign (m) | D (m) | Displacement (tons)
2141 | 646 | 118 | 29 | 45

Table 4: Stability data Series 65

Displacement (tons) | Ayl (m?) | Ly (m*) | KB (m) | KG (m) | LCG (m) | LCB (m) | BM (m) | KM (m) | GM (m)
45 | 7555 | 1231 | 077 | 21 | 923 | 923 | 274 | 351 | 141

(a) Design of Series 65 Rhinoceros (b) Render of the series 65

Figure 9: Designed Series 65

Following the simulation in Fastship, the probability of exceedance graph was generated and is presented
in ﬁgure The peak vertical acceleration for the initial design is approximately 73m/s%. This serves as the
baseline for the iterative design process, with the ultimate goal of achieving a final hull design that shows
significantly lower peak vertical accelerations. However, as previously noted, the primary objective of the
first iteration is to ensure an adequate initial stability. This adjustment may result in an increase in vertical
accelerations, which will be addressed in subsequent iterations.

18



Probability of Exceedance of Series 65
100

80
60
40 1

01— ' | |
Lo 0.8 0.6 0.4 0.2 0.0
Prabability of Exceedance (%)

Vertical Accelerations (m/s™2)

Figure 10: Probability of exceedance of the vertical accelerations of the Series 65 (B = 6.46 m)

6.3.2 Stan Pilot 2205

As previously mentioned, the Series 65 hull serves as the starting point for the iterative design process. Al-
though the proposed bow shape is the AXE bow, it was determined that this configuration is not suitable
for a pilot tender operated by 'het Loodswezen' Literature highlights that the AXE bow represents an ex-
treme design that significantly reduces vertical accelerations [6]. Extensive research spanning many years
and substantial resources have been devoted to developing this bow shape to minimise vertical accelera-
tions of high speed vessels in head seas. Given the substantial investment and specialised nature of the AXE
bow, the Stan Pilot 2205, which is equipped with the AXE bow, can be considered a practical performance
benchmark for the iterative process. Consequently, it is anticipated that the peak vertical accelerations of
the final tender design will not be lower than those of the SPi 2205.

While analysing figures[6|and[10} the initial assumption appears incorrect, as the peak vertical accelerations
for the 6.46 metre wide tender are approximately the same. However, two factors explain this outcome: the
CoG in x-direction and the use of the Planing Hull Form.

The Stan Pilot 2205 is an existing vessel, and its ship data, including the CoG(x), was obtained from
Damen. In contrast, the CoG(x) for the Series 65 is not available and has been assumed to be equal to the
CoB(x), as outlined in chapter[d] Since vertical accelerations of vessels in head seas are heavily influenced
by the CoG(x), comparing the results without considering this difference leads to unreliable conclusions.

Additionally, the results from Fastship are impacted by the sinkage and trim, both critical input parame-
ters, as discussed in chapter[5.2.2] The sinkage and trim at a vessel speed of 18 knots were determined using
Planing Hull Form, which is based on the DSDS database. However, as explained in chapter the DSDS
does not account for the AXE bow, which leads to slight deviations in the Fastship results. Consequently;,
a direct comparison between figures [6| and [10]is not valid, as the results for the SPi 2205 are influenced by
several factors.

To provide a clearer indication of the design limits for this iteration, the simulation of the SPi 2205, with
a beam of 6.46 metres, will be rerun. This time, the CoG(x) will be set equal to the CoB(x) and the sinkage
and trim values will be derived from the calm water characteristics presented in the paper of Lex Keuning
about the development of a new tender for the KNRM [3]. This paper provides calm water characteristics
for the Arie Visser and two concepts for a new KNRM vessel, with one concept incorporating the AXE bow
with dimensions nearly identical to the proposed new pilot tender. By using these more accurate sinkage
and trim values, the results from the Fastship simulation will be more reliable, as shown in figure[11]
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Figure 11: Probability of exceedance of the vertical accelerations of SPi 2205 (B=6.46m) with LCG = LCB

From these results, it can be concluded that the limit for the peak vertical accelerations of this iterative
design process is 48.5 m/s?.

6.3.3 Iteration1

The primary objective of the first iteration was to enhance the initial stability compared to the Series 65.
To achieve this, the chine was maintained at consistent height along the entire hull length and the twist,
representing the variation in deadrise along the hull, was minimised. Additionally, the afstship was widened
to increase buoyancy.

However, the central focus of the thesis remains the reduction of vertical accelerations in head waves.
Retrieving inspiration from the bow modifications of the ESC and AXE bow, the flare in the bow and the
sides of the tender was reduced, as supported by literature of Lex Keuning [14] [6]. These modifications
resulted in the hull design illustrated in figure[12| with the corresponding main dimensions listed in table|5]

(a) Design of Iteration 1: front view (b) Design of Iteration 1:Back/side view

Figure 12: Iteration 1

Table 5: Main dimensions Iteration 1

Lwl (m) | Boa (m) | Tdesign (m) | D (m) | Displacement (tons)
22 | 646 | 1 | 29 | 45

Table[6| presents the stability characteristics of the first iteration. The data indicates that the stability is well
above the required threshold, as evidenced by a GM of 2.87 metres. When these stability characteristics are
linked to the results of the Fastship simulation, shown in figure|13} it becomes clear that the peak vertical
accelerations have increased compared to the Series 65, reaching a maximum of 81 m/s?.
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However, the substantial GM value of 2.87 metres provides significant flexibility for further modifica-
tions without compromising the initial stability. Consequently, several key adjustments are planned for the
next iterations. First, the deadrise will be increased to 25 degrees, following the findings of Van den Bosch
I5], which suggest that a greater deadrise angle can significantly reduce peak vertical accelerations in head
waves.

Second, the height of the chine will be varied along the vessel’s length. This adjustment will narrow
the foreship, aligning with the principles of the AXE bow, which emphasises reducing flare and creating
a slender bow profile [6]. These modifications are expected to improve the seakeeping behaviour while
maintaining adequate stability.

Table 6: Stability data Iteration 1

Displacement (tons) | Ayl (m?) | Iy (m*) | KB (m) | KG (m) | LCG (m) | LCB (m) | BM (m) | KM (m) | GM (m)
45 | 9235 | 19449 | 068 | 21 | 9.07 | 907 | 449 | 517 | 297

Probability of Exceedance of Iteration 1
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Figure 13: Probability of exceedance of the vertical accelerations of the Iteration 1

6.3.4 Iteration2

As highlighted in the previous section, the substantial stability of Iteration 1 allowed for adjustments to en-
hance performance. One of these modifications was an increase in the deadrise angle to 25 degrees, aiming
to reduce the vertical peak accelerations, as suggested by Van den Bosch [5]. This modification was imple-
mented in Iteration 2, with its design illustrated in figure[14] The increase in the deadrise angle significantly
impacted the GM value, shown in table as well as draught, detailed in table@ Furthermore, ﬁguresand
demonstrate that increasing the deadrise angle from 18.5 to 25 degrees resulted in a 33.5% reduction in
peak vertical accelerations, as the peak accelerations are decreased from 81 to 55.2 m/ .

Table 7: Main dimensions Iteration 2

Lwl (m) ‘ Boa (m) ‘ Tdesign (m) ‘ D (m) ‘ Displacement (tons)
2195 | 646 | 117 | 29 | 45
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(a) Design of Iteration 2: front view (b) Design of Iteration 2: Back/side view

Figure 14: Iteration 2

Table 8: Stability data Iteration 2

Displacement (tons) | Ayl (m?) | Ly (m*) | KB (m) | KG (m) | LCG (m) | LCB (m) | BM (m) | KM (m) | GM (m)
45 | 81 [ 12708 | 080 | 21 | 9158 | 9.158 | 282 | 3.62 | 152

An essential consideration in the development of the 'tender of the future, as outlined in the introduc-
tion, is the reduction of emissions. This objective can be approached through the adoption of green energy
technologies, which are currently the focus of research within 'het Loodswezen’. Another effective strat-
egy is minimising fuel consumption, which necessitates a critical desingn adjustment in the next iteration.
Specifically, in this iteration, the chine is raised to 1.31 metres above the keel by increasing the deadrise
angle.

The chine, however, plays a crucial role in reducing the resistance and, consequently, fuel consumption.
A well-defined hard chine prevents water from rising up the hull sides, thereby minimising drag. Addi-
tionally, chines with a flat area underneath contribute to the pressure build-up, which enhances planing
efficiency and further reduces resistance. For optimal performance, the chine must be positioned at an
ideal height.

Currently, the chine placement does not meet these criteria, as the chine is raised to 1.31 metres. The
optimal position, as recommanded by Jaap Gelling, is approximately 5 cm below the waterline in the aft
section. Alternatively, the chine should be located at a depth of 1.5-4% of the chine’s maximum beam below
the waterline, equating to approximately 6 cm [16]. Adjusting the chine height to these specifications will
be a key focus in the next design iteration, as discussed in the following section.

Probability of Exceedance of Iteration 2
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Figure 15: Probability of exceedance of the vertical accelerations of the Iteration 2
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6.3.5 Iteration3

As discussed in the previous section, the chine height was varied until it reached the position of 6 cm below
the waterline. This modification also caused a slight change in the draught, as shown in table[9] By optimis-
ing the chine height, the resistance is expected to decrease. However, with this modification, the deadrise
angle and chine height remain constant over the entire hull length.

Upon reviewing various planing vessels and relevant literature, it becomes evident that the chine typi-
cally rises slightly up towards the bow [16]. Furthermore, a deeper exploration of the literature reveals that
reducing the flare and narrowing the bow positively impact vertical accelerations [6]. This adjustment can
be achieved by introducing a twist, thereby altering the deadrise angle near the bow.

Both these refinements have been incorporated into Iteration 3, as illustrated in figure[16] The variation
in chine height along the hull length compared to iteration 2 is depicted in figure[17}

Table 9: Main dimensions Iteration 3

Lwl (m) | Boa (m) | Tdesign (m) | D (m) | Displacement (tons)

2195 | 646 | 118 | 29 | 45

(a) Design of Iteration 3: front view (b) Design of Iteration 3: Back/side view

Figure 16: Iteration 3

(a) Chine of Iteration 2

(b) Chine of Iteration 3

move

Figure 17: Chines of Iteration 2 and 3
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In figure(18} the impact of the design adjustments on the peak vertical accelerations is shown and it can be
noted that a reduction from 55.2 to 52.2 m/s? was established. In order to clarify the difference, a simula-
tion was performed of Iteration 2.1. In Iteration 2.1, the chine was lowered to the height of 1.12 metres, as
explained before, without conducting any further adjustments. The results of this simulation, depicted in
Appendix C, show that lowering the chine impacts the vertical accelerations slightly. Because of this finding,
it can be concluded that the reduction in vertical peak accelerations due to Iteration 3 is mainly the result
of elevating the chine towards the bow and by this narrowing the bow.

A remarkable fact is that the peak vertical accelerations for Iteration 3 are comparable to those of the AXE
bow, which serves as the lower benchmark, as shown in figure Specifically, the peak vertical accelera-
tions for Iteration 3 and the SPi 2205 are 52.2 m/s? and 48.5 m/s?, respectively. It is important to note that
Iteration 3 features a higher deadrise angle than the SPi 2205, which positively influences the results for
iteration 3.

Upon closer examination of the design of Iteration 3, it becomes apparent that the bow is similar to the
AXE bow design. While this contributes to reduced vertical accelerations, it raises concerns about potential
compromises to the current mode of operation of ’het Loodswezen’. The research question addressed in
this chapter: "To what extent can the bow and hull be modified without compromising the current mode
of operation?", remains particularly relevant. Given the similarity to an AXE bow design, operational per-
formance could be affected. Furthermore, as indicated in table the initial stability does not meet the
boundary condition of a GM value of 1.5 metres. To address these issues, the deck at the bow should be
modified to retain a wider, rounder circumference that supports the existing mode of operation. Addition-
ally, modifying the waterplane area is essential to improve stability. These aspects will be critical focus
points in the next iteration.

Beyond bow modifications, the aft ship also requires attention. While the hard chine in Iteration 3 was
intended to reduce drag and thereby fuel consumption, closer inspection reveals a transition to a blunt
chine. This change negatively affects planing performance and efficiency, so the aft section must also be
refined in the next iteration.

Table 10: Stability data Iteration 3

Displacement (tons) | Ayl (m?) | Iy (m*) | KB (m) | KG (m) | LCG (m) | LCB (m) | BM (m) | KM (m) | GM (m)
45 | 7938 | 12241 | 0802 | 21 | 9.044 | 9.044 | 272 | 352 | 142

Probability of Exceedance of Iteration 3
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Figure 18: Probability of exceedance of the vertical accelerations of the Iteration 3
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6.3.6 Iteration 4

As already mentioned, the tender under development features a hard chine planing hull, a design choice
that offers distinct advantages. Before diving into one such advantage, it is useful to understand the work-
ing principle of a planing hull. The transition from displacement mode to planing mode is governed by
Newton’s third law of motion. As the hull moves forward, it exerts a force on the water and vice versa, the
water exerts a reacting force on the hull. This force per unit area is known as the hydrodynamic pressure.

The region of maximum pressure is called the stagnation point or line, which can be seen in figure
For vessels with a deadrise, like the current design, this stagnation line sweeps back and intersects with the
hard chine, where the water flow separates from the hull. This separation prevents water from climbing up
the hull, thereby avoiding additional drag [17]. However, concerns have been raised about the blunt chine
at the aft section of the vessel. A poorly defined separation at this location can fail to effectively shed water,
leading to increased drag.

PRESSURE DISTRIBUTION
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Figure 19: Pressure distribution on a flat plate

To address this issue, one approach is to redesign the aft section to create a more effective hard chine. A
simpler and more practical alternative, however, is to add spray rails. Spray rails ensure that water is prop-
erly separated from the hull, reducing resistance. Incorporating spray rails on a planing hull can reduce
drag by up to 10% [18]. This is a significant benefit, especially considering that "het Loodswezen’ aims to
reduce fuel consumption, as noted in the introduction. Thus, while addressing slamming issues remains
priority, the vessel’s resistance must also be minimised to meet efficiency goals and therefore the spray rail
is incorporated in iteration 4.

While seeking for the ideal design for 'het Loodswezen’ to reduce the vertical accelerations, it is crucial to
account not only for resistance but also for the operational requirements of "het Loodswezen’. One key con-
sideration is the mode of operation, which requires a sufficiently wide deck at the bow to allow sailing at an
angle during transfer operations. To accommodate this, the deck width at the bow was increased compared
to iteration 3, enabling the vessel to operate in a manner consistent with current practices and enhancing
operational efficiency.

With these adjustments, namely the widened bow deck and the addition of spray rails, as shown in figure[20}
the main dimensions of the vessel remain the same as those in iteration 3 (table[L1). However, the addition
of spray rails has altered the waterplane area, increasing its moment of inertia and thereby improving the
vessel’s initial stability, as detailed in table This addresses a key requirement since iteration 3 failed to
meet initial stability criteria.
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(a) Design of Iteration 4: front view (b) Design of Iteration 4: Back/side view

Figure 20: Iteration 4

Table 11: Main dimensions Iteration 4

Lwl (m) | Boa (m) | Tdesign (m) | D (m) | Displacement (tons)
2195 | 646 | 118 | 29 | 45

Table 12: Stability data Iteration 4

Displacement (tons) | Ayl (m?) | Ly (m*) | KB (m) | KG (m) | LCG (m) | LCB(m) | BM(m) | KM (m) | GM (m)
45 | 8053 | 12872 | 0803 | 21 | 9.04 | 9.04 | 286 | 366 | 156

Simulations performed in Fasthip reveal a slight increase in maximum vertical accelerations for iteration
4 compared to iteration 3, at 54.3 m/s? versus 52.2 m/s?, as shown in ﬁgure This minor difference can
be attributed to two factors.

First, while the widened bow deck might be expected to influence vertical accelerations, the effect is
minimal. This is because the underwater hull geometry of both iterations is nearly identical at the bow,
and the deck’s changes are relatively small. Furthermore, the impact of the slightly widened deck on the
vertical accelerations is low as the depth of the vessel is 2.9 metres and the simulations are performed in a
significant wave height of 2.25 metres.

Second, the addition of spray rails slightly increases the vessel’s waterplane area width in the aftship, as
indicated by comparing the waterplane areas in tables[16]and [20] However, this change has a small effect
on vertical accelerations, given the small magnitude of the width increase and its aftship location. Further-
more, the bow’s narrow profile with minimal flare significantly reduces vertical accelerations by minimising
non-linear Froude-Krylov forces and hydrodynamic lift forces [6] [13]. Therefore, the vertical accelerations
are already relatively low.

Iteration 4 represents a promising concept, achieving relatively low vertical accelerations while incorpo-

rating modifications to enhance resistance and operational efficiency without significantly compromising
performance. Nevertheless, there is still room for improvement in future iterations.
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Figure 21: Probability of exceedance of the vertical accelerations of the Iteration 4

6.3.7 Iteration5

In the earlier iterations, several modifications were made to narrow the underwater hull and improve resis-
tance. These included lowering the chine, raising th chine towards the bow, increasing deadrise angle and
adding spray rails. However, these adjustments, particularly those aimed at narrowing the bow, introduce
potential risks that require consideration.

One potential potential concern is an increased sensitivity to broaching. However, research indicates
that this risk is negligible. During the development of a new KNRM concept, Marin conducted tests to
evaluate broaching tendencies. These tests, involving a design with dimensions comparable to the pilot
tender and featuring an adapted AXE-bow, revealed no significant instances of broaching [3]. Similarly, a
comparative study by examined the Wave-Piercer, Enlarged ship concept and AXE bow designs, with no
notable broaching tendencies observed for the ESC and AXE bow. However, in both studies, fixed fins were
incorporated in the model in order to prevent broaching. However, the tendency towards broaching was
also investigated without these skegs [13]. This study concluded that the yaw and roll do indeed increase,
but that there was no increase in tendency for broaching. As such, further investigation into broaching was
deemed unnecessary.

A more pressing concern is the risk of bow diving, which could lead to greenwater ingress and a loss of
buoyancy. This issue has been addressed by slightly raising the deck height towards the bow, as illustrated
in figure[22] The elevation follows the example of the Stan Pilot 2205 by Damen, raising the bow deck from
2.9 metres to 3.65 metres, with the deck amidships increased to 3.02 metres, as noted in table[13] This ad-
justment ensures sufficient reserve buoyancy to mitigate bow diving.

(a) Design of Iteration 5: front view (b) Design of Iteration 5: Back/side view

Figure 22: Iteration 5
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Table 13: Main dimensions Iteration 5

Lwl (m) ‘ Boa (m) ‘ Tdesign (m) ‘ Dpidships(m) ‘ Displacement (tons)
2195 | 646 | 118 | 3.02 | 45

The elevated deck also provided an opportunity to further widen the bow deck without altering the bow
shape significantly below 2.9 metres. This enhancement improves operational efficiency by creating a
broader, rounder deck while maintaining the current mode of operation. The impact on vertical acceler-
ations in waves remains minimal, with peak vertical accelerations rising slightly from 54.3 to 56.2 m/s?, as
shown in figure[23]

With this iteration, the design concept appears near-final. However, further refinement of the deck design
could enhance operability. This will be explored in the next chapter. Additionally, concerns about the ten-
der’s manoeuvrability during transfer operations have been raised. Specifically, within "het Loodswezen), it
is believed that a sharp bow could complicate movement away from the cargo ship. While Damen claims
that the tender’s jets provide sufficient thrust to counteract this issue, a brief investigation into potential
solutions will be conducted in the following section.

Table 14: Stability data Iteration 5

Displacement (tons) | Ayl (m?) | I (m*) | KB (m) | XG (m) | LCG (m) | LCB (m) | BM (m) | KM (m) | GM (m)
45 | 8051 | 12888 | 0803 | 21 | 9.04 | 9.04 | 286 | 367 | 157

Probability of Exceedance of Iteration 5
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Figure 23: Probability of exceedance of the vertical accelerations of the Iteration 5

6.4 Potential Mechanisms and Concepts to Improve Manoeuvrability

As previously mentioned, 'het Loodswezen’ has emphasised several main drawbacks in their opinion of the
AXE-bow and similar hull shapes. One way to mitigate these drawbacks is to install mechanisms which will
enhance the vessel’s manoeuvrability, thereby increasing the possibility to sail under an angle alongside a
cargo ship. However, such mechanisms will be expensive and sophisticated. For instance, a simple bow
thruster would be ineffective, as both the tender and cargo ship are sailing at a forward speed of 8 knots
in order to keep the manoeuvrability high. This section will explore potential mechanisms to improve the
manoeuvrability.

A feasible option to increase the manoeuvrability of a pilot tender is the rotor manoeuvring system (RMS)
of Damen, depicted in figure This system is a retractable Magnus bow rotor which increases manoeu-
vrability by utilising the Magnus effect. The rotor generates lift by rotating around its vertical axis and acts
in free flow just as a wing. Originally, the idea was to incorporate these rotors in the AXE bow’s shape. How-
ever, tests showed that the rotor was most effective when it extends below the lowest, most forward, part
of the AXE bow. Because of this placement, the rotor becomes impressively effective. Due to the Axe bow’s
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geometry, the rotor remains far beneath the free surface, also in waves, which prevents free surface effects
such as loss of lift and ventilation. Also the relatively large distance to the Centre of Gravity of the ship im-
plies that a considerable roll motion is generated, which helps in reducing the roll motion. Additionally,
another significant advantage of the RMS is that it can be retracted when not in use, therefore neglecting
the negative effect on the resistance of the vessel [20].

Figure 24: Rotor Manoeuvring System (RMS)

The main idea behind this bow rotor was to enhance course stability and reduce the possibility of broach-
ing in stern quartering waves. Figures[25and [26/show that the Magnus Rotor significantly reduces the roll
and yaw motion of the ship such a conditions. However, when full scale tests were performed with the SPi
2205 by Damen, the same vessel as the base model used in this Master’s Thesis, it was expected that it would
yield to an extra advantage. Specifically, when a pilot boards or disembarks from a cargo ship, a speed of 8
knots is maintained, as explained before. At this speed, the bow rotor would benefit from the forward mo-
tion, making the 'crabbing’ manoeuvre of the pilot tender highly controllable. This also improves control
when sailing away from the cargo ship, typically a challenging manoeuvre. An advantage of the full scale
tests for this Master’s Thesis is that the bow rotor was already tested on a 22 metres pilot tender and that
the results match the results presented in figures [25|and Therefore, it can be concluded that the sway
and roll motions are reduced by up to 50 percent with the bow rotor and that the crabbing motion is indeed
more controllable, even at higher forward speeds ([20]).
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Figure 25: Probability of exceedance of a model with and without bow rotor during free sailing tests

For the continuation of this study, the bow rotor will be left out the design. The main reason is that the
hull design itself will be developed in such a way that the current mode of operation will not be compro-
mised. Next to this, it is up to 'het Loodswezen’ if they want to invest in such a feature or not in case that
they are unsatisfied with the manoeuvrability of the new tender design.

29



ampl.(deg

no rotor

w ith rotor

Figure 26: Single double amplitude of the roll and yaw motion with and without bow rotor in sea state with Hs=3.5 metres

6.5 Conclusion

In this chapter, the ideal bow and corresponding hull design were developed through an iterative process.
Each iteration addressed specific challenges or sought to reduce vertical accelerations in head waves based
on concepts from literature. This process culminated in the final Iteration 5, starting from a basic plan-
ing vessel, the Series 65. Key adjustments included the creation of a hard chine to enhance resistance, an
increased deadrise angle and an elevated chine towards the bow to achieve a sharper profile. Additional
modifications involved widening the bow deck and raising the deck height to provide reserve buoyancy
and improve operational efficiency. These steps resulted in an optimised hull shape for "het Loodswezen’,
balancing vertical acceleration mitigation with operational requirements and resistance optimisation.

To conclude, the resulting concept achieves peak vertical accelerations of 56.2 m/s?, positioned within
the benchmark range of 73 m/s? (series 65, upper bound) and 48.5 m/s? (SPi 2205, lower bound). Further-
more, 'het Loodswezen'’ retains the option to incorporate a bow rotor to enhance manoeuvrability during
operations. These values of the peak vertical accelerations, combined with the adaptability of the design,
highlight Tteration 5 as a promising solution. Moreover, further improvements are achievable through a
refined deck design, presenting opportunities for even greater operational efficiency.
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7 Deck design

The current pilot tenders of ’het Loodswezen’ feature a wide, round deck, particularly at the front of the
vessel. This design ensures the pilot transfer method used by 'het Loodswezen', where the vessel sails at an
angle during the transfer process. However, this wide deck design has not been included in the new hull
and bow design, as it was argued that minimising the flare in the bow is required in order to reduce the deck
width. In this chapter, the ideal deck shape will be sought by answering the next question: 'Could the deck
be shaped in such a way that the same mode of operation could still be used, while the flare in the bow is
heavily reduced?

7.1 Deckdesign 1

The first deck design is based on the principle of the current tenders: 'making the deck as wide and round as
possible at the bow.” To achieve this, the deck shape was designed similarly to that of the existing tenders, as
shown in figure[27] However, several key differences have been incorporated to enhance comfort onboard.
Firstly, due to the increased buoyancy required in the bow and the resulting increased depth, the deck will
be positioned higher compared to the current tenders. Another important feature is the flare in the bow,
which has been minimised in the new hull design. However, to accommodate the deck design, a significant
increase in flare is necessary. To mitigate the impact of this flare increase on vertical accelerations in head
waves, the flare is positioned in the additional volume created by the deck height increase in the bow, as
illustrated in figure[28] This positions the flare higher as in the Mira, although a flare increase still remains.
As discussed in chapters [5| and [6} this increase could lead to higher vertical accelerations and potential
slamming.

Simulations conducted in Fastship were used to compare design iteration 5 with deck design 1. As shown
in Appendix A, the results reveal minimal differences between the two designs when tested in the wave con-
ditions outlined in chapter 4l One possible explanation for this is that a significant wave height of 2.25
metres was used in the simulations, while both designs place the deck at a height of 3.65 metres at the
bow (2.48 metres above the waterline). Furthermore, the designs are nearly identical underneath the depth
height of 2.9 metres, resulting in almost the same body entering the water in waves and therefore the small
variation. However, when both designs are tested in head waves with a significant wave height of 3 metres,
a clear difference emerged, namely a peak vertical acceleration of 75.8 m/s? and 87.6 m/s?* for iteration 5
and deck design 1 respectively. The wide deck design was shown to impact the vertical accelerations in a
negative way when the tenders operate in the most challenging conditions they encounter, also shown in
Appendix D.

MAIN DECK PLA

(a) Deck design of the Mira (b) Deck design 1

Figure 27: Comparison of deck design 1 and of the Mira
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Figure 28: Deck design 1

Thus, deck design 1 maintains the current mode of operation, which was a key objective in the new de-
sign. However, it actually returns to the same deck design as the Mira, bringing with it the same issue of
high vertical accelerations due to the increased flare. Consequently, further iteration of this deck design is
necessary.

7.2 Deckdesign 2

This deck design represents a further iteration of deck design 1, with the aim of retaining the key advantage
while addressing its main drawback, the increased flare. The primary goal was to maintain the rounded
deck shape that allows the vessel to sail at an angle during pilot transfers while eliminating the negative
affect of increased flare.

An initial concept was to recreate the shape of deck design 1 by incorporating holes in the deck. This ap-
proach would reduce the flare increase while preserving the overall deck shape. However, adding holes in-
troduces local stress concentrations, requiring specialised structural analysis and reinforcement [21]. Based
on this limitation, a new concept was developed that focuses on the circumference of the deck rather than
its surface, as this makes the current mode of operation possible.

The new concept involves maintaining the hull and deck of iteration 5 while adding a structure with rods
to recreate the same fender circumference as in deck design 1, as shown in figure[29] By doing so, the flare
increase is avoided, resulting in lower vertical accelerations compared to deck design 1, while still enabling
the same mode of operation.

Despite resolving the flare issue, this design introduces several potential drawbacks. Firstly, the pilots are
limited to a fixed area for transfers, reducing operational flexibility, particularly in severe conditions. Addi-
tionally, the combination of the sharp bow and the added structure may cause splashing water. While this
is generally manageable, it could complicate operations if water heavily splashes onto the pilot or assisting
crew during transfer.

Another concern is the empty space between the fendering and the hull. This gap poses safety risks,
such as increased chances of missteps by pilots or crew. Moreover, it distances the crew from docking lines,
complicating mooring operations. Finally, the structural and operational impacts of this added structure are
uncertain. It is unclear how the hull will respond to the new loads or how the structure itself will perform
over time, requiring further structural evaluation.

Given these challenges and potential drawbacks, another iteration will be developed to address these
issues while retaining the key benefits of this design.
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(b) Deck design 2: top view

Figure 29: Deck design 2

7.3 Deckdesign 3

From the analysis of deck design 2, it became evident that maintaining the current operational method,
sailing at an angle during transfer operations, relies primarily on the circumference of the deck or hull at the
bow, rather than on the deck area itself. This was demonstrated in through the use of a rod-based structure
in deck design 2. However, while this approach addressed some issues, it also introduced several drawbacks.
Building on the same concept of using a structure rather than a full deck, and following consultations with
Damen, a new design concept was developed: incorporating small overhangs mounted on the sides of the
deck and hull. These overhangs enable angled sailing during transfer operations, as illustrated in figure[30]

The design, however, introduces a limitation. The angle at which the tenders can operate is predefined
by the position and shape of the overhangs as shown in figure 30} This range is strictly limited, meaning
the optimal operational angle must be carefully determined. A study or observational analysis is required
to identify the most frequently used angles during tender operations before finalising the design.

Despite this limitation, deck design 3 appears to be the most promising solution. The reasons are as follows:
* Eliminated flare increase: By adding only small overhangs instead of a full, round and wide deck, the
problematic increase in flare, and its associated higher vertical accelerations, is avoided.
* Improved structural certainty: The potential uncertainties surrounding the structural behaviour of a
rod-based framework are resolved with a simpler overhang design.
* Enhanced safety: The absence of holes in the deck or near the pilot transfer point reduces the risks of
missteps and minimises the chance of water splashing onto the crew or pilots during operations.
* Retained operational flexibility: Unlike deck design 2, which required specified pilot transfer loca-
tions, this design avoids restricting operational flexibility.
While the primary drawback remains the limited range of operational angles, further research can miti-
gate this issue by identifying and optimising the most suitable angle for operations. Taking all these factors
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into account, deck design 3 represents the most practical and promising solution. It will therefore be se-
lected for further development.

(a) Top view: Sailing at angle of 25 degrees (b) Top view: Sailing at 30 degrees

(c) Side view: Sailing at 30 degrees

Figure 30: Deck design 3
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8 Sensitivity Study

All the results discussed in this research are based on simulations conducted using Fastship. However, it
is still unclear to what extend these results are affected by certain input parameters. In this chapter, the
reliability of the results will be examined and recommendations on how to interpret the results will be for-
mulated.

8.1 Influence of input parameters

In chapter[5.2.2} the significance of various parameters was emphasised, particularly the influence of sink-
age and trim. These parameters play a critical role in shaping the outcomes as they directly affect the a; ¢
and C,, values, which must be selected with care [9]. However, the prediction tool Planing Hull Form was
utilised to determine sinkage and trim. This tool relies on a database of standardised planing hull forms,
which introduces some deviations in the calculated sinkage and trim and by this influence the results.

Furthermore, a simplified version of Fastship was used, where each cross-section is defined by only five
points: the keel, the height and width of the chine and the height and width of the deck. To enable rapid it-
erations and quick results, the number of cross-sections was also intentionally restricted. These constraints
mean that not all curves and bends of the hull are accurately captured in Fastship. While these limitations
facilitate quick simulations for early-stage concept analysis, they directly affect the accuracy of the results,
which should therefore be interpreted with caution.
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Figure 31: Probability of exceedance of Concept 2 depicted in [3]

To assess the impact of these limitations on the results, an additional simulation using Fastship will be
conducted. In a study by Lex Keuning [3], two potential concepts for the new KNRM tender were evaluated
and simulated in Fastship (see Figure[31) to determine the resistance and vertical accelerations. Concept 2,
as described in that research, features an AXE bow and dimensions, excluding weight, almost equal to the
final design in this Master’s Thesis. Simulating this tender under the same conditions as the final design and
comparing the outcomes provides a measure of the reliability of the results in this thesis.

To analyse the effects of a less detailed hull description, the use of a basic version of Fastship and the
calculation of sinkage and trim using PHE two simulations were performed. The first simulation used the
sinkage and trim data described in the paper about the development of a new tender for the KNRM [3],
while the second used the sinkage and trim calculated with PHE The outcomes of these simulations are
presented in figure
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Probability of Exceedance of Concept 2 Probability of Exceedance of Concept 2 (sinkage and trim by PHF)
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(a) With sinkage and trim as described in [3] (b) With sinkage and trim determined by PHF

Figure 32: Probabilities of exceedance of Concept 2: simulated with Fastship

The results indicate that the limitations of the basic version of Fastship, particularly its restricted input
variables and simplified representation of cross-sections, significantly influence the outcomes, with a vari-
ation of approximately 20% (40 m/s? vs. 49.7 m/s?). This is evident from the weight calculation by Fastship,
which deviates 8.5% compared to the value reported in the study of Lex Keuning [3] and verified in Rhino.
Conversely, the impact of calculating sinkage and trim using PHF is minimal, as depicted in figure[32} Thus,
the observed differences are largely from the constrained input parameters.

It is worth noting that, for every iteration, the weight calculations from Rhino and Fastship were cross-
checked, with differences never exceeding 5 percent. This approach minimised deviations in the results.
However, due to the inherent limitations in input variables, the results in this Master’s Thesis should still be
interpreted with caution.

Nevertheless, as long as the sinkage and trim values are calculated consistently across all designs using
the same method, and deviations due to limited input parameters remain consistent, the results are valid for
comparative purposes. Since each iteration represents only small adjustments from the previous concept,
it is reasonable to assume similar deviations. In other words, while absolute accuracy may be affected, the
relative differences between iterations can still indicate whether the adjustments made have successfully
reduced vertical accelerations. Therefore, it can still be concluded which effect each iteration has on the
vertical accelerations and therefore, which design choices will lead to the ideal tender for "het Loodswezen'
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8.2 Influence of LCG

Probability of Exceedance of Final Design (LCG = 8.94m) Probability of Exceedance of Final Design
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(a) LCG = 8.94 metres (b) LCG =9.04 metres

Probability of of Final Design (LCG = 9.14m)
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(c) LCG =9.14 metres

Figure 33: Influence of LCG on the vertical accelerations

A crucial consideration in the design is the position of the LCG. The LCG significantly influences vertical
accelerations, meaning any shift in its position could substantially affect results. In this conceptual design,
the LCG was determined based on the LCB, as outlined in chapter[4] However, during the development of
the complete tender design, the LCG is likely to shift. As illustrated in figure |33} such shifts can have both
positive and negative effects on peak vertical accelerations. Therefore, careful attention is required during
the final design stages to ensure the LCG is positioned advantageously or remains stable to minimise po-
tential adverse impacts.

8.3 Conclusion

From these considerations, it can be concluded that the relative differences between the iterations are reli-
able. Therefore, conclusions can and will be drawn concerning the optimal hull design for a future tender
of ’het Loodswezen. However, caution is required when using the results directly in a new tender design,
as the absolute values of the results are off by approximately 20% and heavily influenced by the LCG of a
final tender design. Meaning that if the absolute values of the future final tender are required, an additional
study into the seakeeping behaviour is advised.
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9 Conclusion and Further Research

In this chapter, a brief conclusion will be formulated in which it will be argued whether or not the goal of
the Master Thesis was met. Following on this conclusion, recommendations towards further research will
be made. These recommendations will address the actions which are still required in order to implement
this concept design into a future tender of 'het Loodswezen’.

9.1 Conclusion
9.1.1 Results

The new hull design for the 'Tender of the Future’ project of "het Loodswezen’ was developed as part of this
Research Project. The 'Tender of the Future’ was initiated with the goal of renewing the fleet to achieve
a significant reduction in emissions. The first step in this transition was the introduction of the M-class
tender, which achieved a weight reduction of approximately 15 tonnes. Thereby, lowering fuel consumption
and emissions. However, this reduction in weight also resulted in severe slamming. Within the 'Tender
of the Future’ project, which aims to develop a tender powered by alternative fuel, ’het Loodswezen’ also
identified the opportunity to redesign the hull to improve the seakeeping behaviour of their tenders. This
objective formed the main goal of this Master’s Thesis: "Delivering a new hull design for the tenders of "het
Loodswezen’ which will reduce the vertical accelerations caused by waves compared to the currently used
L- and M-class tenders."

Figure 34: Final design

The resulting hull design, presented in figure[34] with main dimensions presented in table[15} is accom-
panied by its lines plan and different views in appendix E. To evaluate onboard comfort, the probability of
exceedance of vertical accelerations was employed, as explained by Keuning [I1]. This approach focuses
on peak vertical accelerations, which significantly impact onboard comfort since the crew tends to react
to the highest impacts experienced rather than average conditions. Figure ?? illustrates the probability of
exceedance for the final design, providing insight into its performances. Thus, the outcome of the Master’s
Thesis is encapsulated in the presented hull design, aimed at achieving improved seakeeping behaviour.
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Table 15: Main Dimensions final design

Series 65 | Final Design
Loa 22m 22m
Boa 6.86 m 6.46 m
Draft 1.15m 1.18 m
Depth 2.9m 3.02m
Weight | 45 tonnes | 45 tonnes
LCG 9.25m 9.04 m
GM 1.79m 1.57m

Probability of Exceedance Series 65 (B = 6.86m) Probability of Exceedance of Final Design

Vertical Accelerations (m/s~2)
Vertical Accelerations (m/s"2)

20 20

o — S —
100 80 60 40 20 0 10 08 06 0.4 02 0.0
Probability of Exceedance (%) Probability of Exceedance (%)

(a) Series 65 as reference for the L- and M-class (b) Final design

Figure 35: Comparison of probability of exceedance between Series 65 and Final design

9.1.2 Conclusions

An evaluation is still required to determine whether the primary goal of this Master’s Thesis was achieved.
The stated goal was to deliver a new hull design for the tenders of "het Loodswezen’ which will reduce the
vertical accelerations caused by waves compared to the currently used L- and M-class tenders. However, no
direct comparison between the new hull design and the L- and M-class was conducted during this project.
Although budget was allocated for such a study by Marin, it was decided not to pursue this analysis at this
stage. The primary reasons for this decision include the conceptual nature of the new design, such as the
unknown location of the CoG and the unfinished fairing of the hull, and time constraints, as Marin had not
yet scheduled this study, leading to potentially long delays of this thesis. These considerations are further
discussed in the next chapter.

Despite this, a conclusion can still be drawn whether or not this goal is achieved based on an analysis of
the subquestions presented in the introduction.

The first subquestion posed was:"Which width is the is the optimal trade-off between a safe and efficient
mode of operation and a high L/B-ratio? Addressing this subquestion led to the determination of an op-
timal width of 6.46 metres for the "Tender of the Future. This width achieves a reduction of approximately
10% in peak vertical accelerations while maintaining an acceptable level of safety when compared to the
current L- and M-class tenders.

The second subquestion, 'To what extend can the bow and hull be modified to reduce peak vertical
accelerations, without compromising the current mode of operation?’, was addressed through an iterative
design process. The primary focus was on minimising peak vertical accelerations, while also considering
the operational procedures and hydrodynamic resistance. To evaluate each design, two benchmarks were
established. The Series 65, representing an upper bound, is a standard planing hull form scaled to the
dimensions derived for the ideal new hull design, yielding peak vertical accelerations at the bow of 73 m/ s>
in sea state 4. The second benchmark, the Stan Pilot 2205 from Damen, scaled to the same dimensions,
demonstrated peak vertical accelerations of 48.5 m/s®>. The new hull design, as illustrated in figure
achieved peak vertical accelerations at the bow of 56.2 m/ s?, which indicates a reduction in the peak vertical
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accelerations.

In order to evaluate the combined impact of both analyses, the vertical accelerations of the final design
should be compared to a standard planing hull representing the L- and M-class tenders. This is done in
figure 35| in which the Series 65 with width 6.86 metres represents the M-class tender. It is calculated that
the final design reduced the vertical accelerations by 27.8%.

The goal of this Master’s Thesis was not only to reduce vertical accelerations but also to develop a hull de-
sign suitable for the new tenders of 'het Loodswezen'. This means the design must align with the operational
requirements and objectives set within the 'Tender of the Future’ project. Therefore, the following subques-
tions were addressed:
* To what extend can the bow and hull be modified to reduce peak vertical accelerations, without com-
promising the current mode of operation?
* What mechanisms or design concepts could be implemented to mitigate the drawbacks of a AXE bow-
like hull design?
e Can the deck be shaped in such a way that the drawbacks towards the operational procedure are
minimised while the flare in the bow is significantly reduced?

As previously mentioned, the first subquestion was addressed with careful consideration of the opera-
tional procedures. This was achieved by widening the deck at the bow. The second subquestion was tackled
through additional research ino the incorporation of a bow rotor to enhance manoeuvrability. The opera-
tional compatibility was further explored by addressing the third subquestion: specifically engineering the
deck layout to support angled sailing. Figure[30|demonstrates that the proposed design maintains the oper-
ational methods currently employed by "het Loodswezen’, ensuring no compromises in functionality. Based
on these considerations, it can be concluded that the new hull design is feasible for a future tender of "het
Loodswezen, as it preserves the operational procedures.

A last key objective of the 'Tender of the Future’ project is to reduce fuel consumption, as it directly impacts
emissions and the feasibility of certain alternative fuels. This priority was addressed in two significant ways
during the design process. First, the hull was designed using the initial weight of the Mira, excluding the
ballast that was added to improve comfort. This reduction in weight inherently decreases fuel consump-
tion. Second, efforts were made to minimise drag throughout the iterative design process. Features such
as a hard chine and spray rails were incorporated to release water more efficiently and preventing it from
rising along the hull. This approach effectively reduces drag and, consequently, fuel consumption.

Based on the presented analyses and evaluations, it can be concluded that the primary goal of this Master’s
Thesis has been achieved: a new hull design for the tenders of 'het Loodswezen’ has been developed. This
design ensures that the current mode of operation remains uncompromised while the onboard comfort is
enhanced by reducing the peak vertical accelerations with 27.8%.

9.2 Further Research

As explained in the previous section, the main goal was to reduce the vertical accelerations compared to
the L- and M-class. However, such a direct comparison was not conducted. Initially, this comparison was
planned, with a budget allocated by 'het Loodswezen. The L- and M-class tenders had been previously
analysed by MARIN and the intention was to apply the same methodology to the new design. However,
after a thorough assessment of the associated costs and benefits, it was decided to cancel this analysis, as
outlined in the conclusion. For a fully justifiable comparative study, further development of several aspects
of the concept design will be necessary.

First of all, the hull design remains at a conceptual stage. Since the research focused on the hull rather than
the complete vessel design, it was not yet possible to determine the CoG. The CoG depends on the integra-
tion of all systems within the hull, and by extension, the entire vessel. As discussed, the LCG significantly
impacts vertical accelerations. Therefore, before undertaking the comparative analysis, the entire vessel de-
sign must be developed, ensuring meticulous placement of all components to position the LCG in a location
that minimises vertical accelerations, as outlined in the discussion.
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Additionally, the hull has not yet undergone the fairing process. Hull fairing is a precise and resource-
intensive procedure, requiring substantial financial and time investments. Specialised companies charge
significant fees and require considerable time to fair a hull. Consequently, this step was beyond the scope
of this Master’s Thesis, as a concept design was developed and the resources were not available. While
fairing has minimal impact on vertical accelerations, it plays a crucial role in reducing resistance, which will
be calculated and analysed in the comparative analysis.

In chapter[7} the introduction of overhangs during the final iteration was discussed. These overhangs
were proposed to enable sailing at an angle to cargo vessels. However, the optimal operational angle for
these overhangs remains undetermined and requires further study or observational analysis. This angle
will influence the design and placement of the overhangs, which, in turn, will affect vertical accelerations.
Determining this operational angle is essential before proceeding with the comparative study.

Lastly, resistance optimisation requires further exploration to support the goals of the "Tender of the
Future’ project, which emphasises fuel efficiency and emissions reduction. While resistance was consid-
ered during the design iterations, Fastship simulations only accounted for a chine or one spray rail, limiting
the scope for detailed resistance improvements. As resistance is pivotal to fuel consumption and therefore
emissions, it should be thoroughly evaluated in further design stages, before performing the comparative
study by MARIN.

Once these element are further refined, it is highly recommended that 'het Loodswezen’ proceeds with the
planned analysis of the concept design by MARIN. A finalised design would enable the precise determina-
tion of the CoG, incorporation of a fully faired hull, a completed deck design and sufficient time for the
MARIN study. Additionally, the allocation of budget for this comparative study serves as a strong incentive
to carry out the analysis.

This MARIN analysis would yield valuable insights into the comfort experienced by crew and pilots, a
critical concern with the existing tenders. It would also provide a detailed evaluation of the performance
improvements offered by the new tender design. Such insights would allow "het Loodswezen'’ to assess the
return on investment and determine whether the proposed design enhancements justify the associated
costs.
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Additional Research: Hydrofoils

Hydrofoils are a well-known solution for improving comfort and reducing the energy consumption of fast
vessels. Often referred to as the most obvious choice for enhancing seakeeping behaviour at high speeds,
as illustrated in Figure A quick scan through the literature already gives a good impression of the pros
and cons of this feature. However, the available research does not provide sufficient information to make a
definitive recommendation on the use of hydrofoils for a pilot tender. Therefore, further investigation into
the characteristics of a foiling tender has been conducted. This research is elaborated in this section and a
suggestion will be formed on whether or not to incorporate hydrofoils into a pilot tender. Ultimately, the
decision to adopt this recommendation lies with "het Loodswezen'.
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Figure 36: Comparison of the advanced marine vehicles ([4])

Since the main focus of the Master’s Thesis is developing a new hull-design for the tenders of 'het Lood-
swezen, the research into whether or not to incorporate foils will be concise. As stated before, some infor-
mation was already gathered by means of a literature research, however, the information was general for
the maritime industry and not all focused on pilot tenders, which made the available research insufficient.
Therefore, two companies, namely Flying Fish and Artemis Technologies, were consulted in order to gain an
insight in the potential risks and mitigation strategies of hydrofoils. Flying Fish is a company which is apply-
ing its expertise in hydrofoils, electric propulsion and data processing with the main focus on sustainable,
high-tech maritime solutions by the use of simulations and programming. Artemis, on the other hand, has
the mission to lead the decarbonisation of the maritime industry through the design and development of
vessels that produce zero emissions in operation and by this, have already delivered several electric vessels
equipped with hydrofoils.

Primary advantages of hydrofoils

To begin, a brief overview of the main advantages of hydrofoils, as discussed in literature, will be presented,
since these benefits are widely applicable to various types of vessels. The two primary advantages are a
reduction in energy consumption and a decrease of vertical accelerations at higher speeds. For instance, a
new pilot tender weighing 45 tonnes and cruising at 28 knots can achieve an estimated energy saving of 26
percent, as calculated by Flying Fish. It's important to note that this number is derived from typical planing
vessels and not specific to the operational scenario of ’het Loodswezen’, in which the tender decelerates
regularly to 8 knots during pilot transfers. While the exact energy savings may vary slightly, it suggests that
the energy consumption could be reduced with approximately a quarter.

The primary focus of this research, however, is to improve the seakeeping behaviour of the pilot tenders
by reducing the vertical accelerations in waves. According to von Schertel [22], hydrofoils offer the greatest
riding comfort among high-speed watercraft. Figure [37|illustrates that fully-submerged hydrofoil vessels
experience mean vertical accelerations of around 0.1g at 45 knots, compared to planing vessels which en-
dure up to 4g at 30 knots in the same relative wave height of 0.3. However, some limitations in this study
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should be noted. As the study focuses on mean accelerations and does not account for potential peaks; for
example, a small control system error in the hydrofoil system could cause a significant increase in vertical
acceleration. Additionally, Von Schertel states that the hydrofoil and planing craft could not be compared
in offshore conditions in his research, implying that his findings, shown in figure[37} could not fully apply.

Despite these limitations, insights from Von Schertel’s research, along with discussions with Artemis and
Flying Fish, indicate a considerable reduction in vertical accelerations with hydrofoils compared to planing
vessels. This is largely because hydrofoil vessels operate with their hull fully elevated above the water sur-
face, minimising the waterplane area to slender struts. The same concept of minimising the waterplane
area is also seen in SWATH (Small Waterplane Area Twin Hull) vessels, which is also a promising option to
improve the seakeeping behaviour according to figure[36]
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Figure 37: Induced vertical mean accelerations vs. relative significant wave height

Challenges and risks

Hydrofoils seem a promising option for 'het Loodswezen, though, it is essential to keep a critical view on
the existing literature and research, given the unique operational purpose of pilot tenders. To gain a better
understanding of these specific risks and challenges, Artemis and Flying Fish were consulted.

A first concern is the safety of both pilots and crew. As previously mentioned, there is a small risk of crashes
due to malfunctions of the control system or hardware damage. Both companies were asked to assess the
risk of such incidents. Flying Fish stated that these events are rare, but do occur, and therefore seatbelts
should be mandatory to ensure pilot and crew safety. They believe that additional safety measurements
besides seatbelts are unnecessary. Furthermore, it is worth noting that regulations for foiling tenders which
can carry up to 12 passengers are limited, leaving safety protocols largely to the responsibility of users. This
helps to explain why Artemis has not implemented seatbelts in their tenders. They argue that no extra
safety measures are needed and that the safety of pilots is not compromised, partly because they have not
tested their tenders in severe offshore conditions. However, they acknowledge that their point of view could
change after testing in harsher sea conditions.

Another key aspect of safety is evaluating the structural integrity of the struts and foils and considering
mitigation strategies. Both companies use similar methods to protect the hull from damage if the struts are
hit by an object, primarily through the design of break-points in the foils and struts. For example, Artemis
incorporates three break-chains in their designs:

» Break-point at foil-strut connection: If the foil is hit by an object, this break-point will ensure that only
the foil shears off, preventing further damage.
* Break-chain in the strut: Located mid-strut, this allows only the lower part of the strut to break off,
leaving the hull and upper half intact.
* Break-chain just below the hull: If an impact occurs in the upper half of the strut, it breaks off just
beneath the hull, preventing the hull for taking damage.
These features indicate that adding hydrofoils does not increase the risk of hull damage. Furthermore, any
damaged foils or struts can quickly be replaced, allowing tenders to return in operation with minimum
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downtime, according to Artemis. Although this solution is straightforward, a more advanced alternative is
also available: a hydraulic system that retracts the struts on impact. In this way, the risk of damage is min-
imised and replacement costs are reduced. The questions remain about the force limit such a hydraulic
system can withstand and the force thresholds for activation. Flying Fish emphasised that these specifica-
tions should be defined by the users of the tenders and based on the FMEA.

If a strut breaks off, the consequences could be beyond replacing it, as the propulsion system would also be
at risk. Since the hull is elevated above the water surface, the propulsion system is typically fitted entirely
in the struts. As a result, the complete propulsion system could be lost in case of severe damage. For a pilot
tender operating near large cargo vessels, this could lead to critical situations. Currently, fast tenders with
hydrofoils are either equipped with waterjets or propellers, which carry different risks when a strut breaks
off.

In the case of propellers, both the motor and propeller are fitted in a pod at the end of the strut. If the
strut breaks off, the entire propulsion system could be lost. Fortunately, the tenders of "het Loodswezen’
are equipped with two engines and two propellers, allowing the crew to return safely to port, even if one
propulsion system fails. However, this would lead to suspension of the operations until the spare tender
will be deployed.

With waterjets, the potential impact is less severe. The engine and impeller are still located inside the
hull, operating the tender will still be possible even if a strut breaks, as water can still be drawn into the
impeller. Flying Fish noted that waterjets are already widely used in high-speed tenders. On the other hand,
Artemis, which specialises in small electric tenders, argue that waterjets consume too much energy for their
electric propulsion system and are too challenging to incorporate in hydrofoil designs. Furthermore, they
claimed that if strut damage is severe enough to affect the propulsion system, the crew will be likely to re-
turn to port, just like they would with serious hull damage.

The primary focus of this Master’s Thesis remains the reduction of vertical accelerations in waves. As seen
in figure[37} hydrofoils could substantially increase the operability of fast vessels. However, some questions
arise regarding the seakeeping behaviour, given the limited length of the struts. For instance, Artemis’ com-
mercialised tenders have struts which allows the user to foil up to a significant wave height of 1.5 metres,
after which the hull can no longer remain fully elevated above the watersurface. This limitation is quite
problematic for 'het Loodswezen’, as they experience severe slamming at wave heights between 1.5 and
2.5 metres. Nevertheless, Artemis suggests that the foils could also improve the seakeeping behaviour by
damping the vertical accelerations in waves by means of foil-assisted planing. Flying Fish also supports this
approach, arguing that foil-assisted planing might be the optimal solution for '’het Loodswezen’ in order to
reduce the energy consumption and vertical accelerations.

However, the statement that foil-assisted planing will improve operability is hard to evaluate. Currently,
there is limited data on the performance of foil-assisted vessels operating in sea state 3 of higher. Artemis
still has to test their tenders under such conditions and available literature primarily covers sea states 1 and
2, as seen in studies by Mejia Jaramillo et al. [23] and Suastika et al. [24]. Furthermore, these studies report
different outcomes: Mejia concluded that hydrofoils lifting 80 percent of a catamaran’s weight can reduce
the mean vertical accelerations with 55 percent in sea states 1 and 2, while Suastika observed only a reduc-
tion of 9.7 percent if the foils lift 40 percent of the catamaran’s weight. Next to this, it can be argued that
foils may not be able to counteract the peak vertical accelerations of sudden severe wave impacts [25]. By
this, it can be concluded that mean accelerations could be reduced, but that the operability and seakeep-
ing behaviour is not improved. As Keuning explained that crew perceptions of seakeeping behaviour are
mainly influenced by these high peak impacts, instead of mean vertical accelerations [11]. Consequently,
the current data on foil-assisted planing is too inconsistent to draw objective conclusions on the seakeep-
ing improvements, showing that the real-life tests of Artemis’ pilot tenders in higher sea states should be
awaited.

Alast significant challenge with hydrofoils is the high associated costs. Each vessel design requires a custom

design of its hydrofoils, which leads to higher engineering costs during the design-phase of a new tender.
Additionally, manufacturing foils is costly due to the extremely smooth and precise foil surfaces that are
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required, which asks for specialised fabrication techniques. These surfaces, along with the systems for the
operation of the hydrofoil system, also demand frequent maintenance, leading to higher operational costs
as well, not to mention potential costs for the replacement of damaged struts. All these high costs are one
of the reasons why few foiling vessels are being built [26].

In order to gain a comprehensive overview of all the costs related to hydrofoils, a full life cycle assess-
ment would be required. However, this process is intensive and is thus beyond the scope of this research.
Therefore, the following section will provide a conclusion and recommendation regarding the implementa-
tion of foils in new tenders, purely based engineering considerations, focusing on safety and performance
of hydrofoils.

Recommendation towards the use of hydrofoils

"Het Loodswezen’ is currently working on the development of the 'tender of the future’. In this project, two
primary objectives are to reduce the emissions of their tenders and to improve onboard comfort. Hydrofoils
offer promissing solutions for both goals, as previously discussed. They can potentially reduce energy con-
sumption by approximately 25% (even much more with a lighter tender) and significantly decrease vertical
accelerations, improving comfort.

However, there are several challenges that impact these benefits. First, the reduction in vertical accelera-
tions is limited to specific wave heights due to the limit on strut length. For example, Artemis has tenders of
which the struts enable foiling up to a wave height of 1.5 metres. Additionally, literature show inconsistent
results regarding the effectiveness of foil-assisted planing and Artemis did not conduct tests yet, making the
exact benefit of foils on seakeeping uncertain.

Moreover, the use of hydrofoils increases the risk on damage. This is not only due to the potential for
foils to collide with the hull of a cargo ship during the pilot transfer process in rough conditions, but also
because additional mechanical components and software are required. Damage to foils and strut could lead
to propulsion failure or even a loss of it, which would pose safety risks and cause significant delays in the
pilot schedule, impacting operations.

A further challenge for 'het Loodswezen’ is that their tenders are relatively heavy and required to carry
up to 12 passengers. Artemis has indicated that they are not equipped to produce a foiling vessel of this
scale. Therefore, should 'het Loodswezen’ choose to incorporate tenders in their design, they would have to
re-evaluate and adapt their current operational process, resulting in a time-consuming and costly project.

Finally, the high operating and investment costs associated with hydrofoils would significantly increase
the financial burden of the fleet.

Considering these factors, the uncertainty regarding the seakeeping behaviour of foil-assisted planing ves-
sels, the increased risk of damage, the need for a complete operational overhaul and the high costs involved,
the conclusion is drawn that implementing hydrofoils in tenders of "het Loodswezen'’ is not the optimal so-
lution for the 'tender of the future’, with the emphasis on 'the tender’. A valuable option could be to incor-
porate foils for only a part of the fleet, operating in the North of the Netherlands, where the tenders have to
sail large distances in relative calm waters. All these aspects taken in consideration, it seems not feasible to
incorporate foils in the whole fleet.

45



Bibliography

(1]

(2]

3]

(4]

(5]

[6]

(7]

8]

91

(10]

[11]

(12]

(13]

(14]

(15]

[16]

[17]

(18]

(19]

Loodswezen : ‘De Innovatietender’. Technical report, 9 2016.
FCS 5009 - Fast Crew Supplier | Damen.

Lex JA Keuning, Guido L Visch, ] Gelling, Willem de Vries Lentsch, and Gerard Burema. Development of
a new sar boat for the royal netherlands sea rescue institution. In Proceedings of the 11th International
Conference on Fast Sea Transportation, pages 797-806, 2011.

Dennis J Clark, William M Ellsworth, and John R Meyer. The quest for speed at sea. Technical Digest,
April, 2004.

JJ Van den Bosch. Tests with two planing boat models in waves. TU Delft, Faculty of Marine Technology,
Ship Hydromechanics Laboratory, Report No. 266, 1970.

Lex JA Keuning, Serge Toxopeus, and Jakob Pinkster. The effect of bowshape on the seakeeping perfor-
mance of a fast monohull. In TUDelft, Faculty of Marine Technology, Ship Hydromechanics Laboratory,
Report 1291-B 6th International Conference on Fast Sea Transportation, FAST2001, Southampton, UK,
The Royal Institution of Naval Architects, RINA, 2001.

Lex JA Keuning and Wick Hillege. The results of the delft systematic deadrise series. In Proceedings
of 14th international conference on fast sea transportation (FAST 2017): innovative materials, pages
97-106, 2017.

Lex JA Keuning. From idea to reality: the enlarged ship concept. Schip en Werf de Zee, 10(mei):42-46,
2000.

A.EJ. van Deyzen, Zarnick, and Keuning. FastShip User Manual. Technical report, 8 2009.

Peter Wellens. 3D computing method can simulate slamming to improve ship design | SWZ|Maritime,
42021.

Lex JA Keuning and Jakob Pinkster. Further design and seakeeping investigations into enlarged ship
concept. In TUDelft, Faculty of Marine Technology, Ship Hydromechanics Laboratory Report No. 1090-B
FAST’97, 4th International Conference on Fast Sea Transportation, Sydney, Australia, 1997.

Dutch Safety Board. Fatal accident with pilot tender, 2024. Accessed on 20 November 2024.

Lex JA Keuning, J Pinkster, and F Van Walree. Further investigation into hydrodynamic performance
of the axe bow concept. In TUDelft, Faculty of Marine Technology, Ship Hydromechanics Laboratory,
Report 1319-B Published in: WEMT/HSMVZ2002 Proceeding, 6th Symposium on High Speed Marine Ve-
hicles, Castello di Baia, Italy, 18-20 September 2002, 2002.

Lex JA Keuning. Nonlinear behaviour of fast monohulls in head waves. 1994.

JL Gelling. the axe bow: the shape of ships to come. In The 19th International HISWA Symposium on
Yacht Design and Yacht Construction, Amsterdam, pages 1-10, 2006.

Naval Design Partners. Planing hulls - naval design, n.d. Accessed: 2024-11-26.

Lars Larsson, Rolf Eliasson, and Michal Orych. Principles of yacht design. Bloomsbury Publishing,
2022.

Bogdan Molchanov et al. Experimental validation of spray deflectors’ impact on performance of high-
speed planing craft. Master’s thesis, 2018.

Lex JA Keuning, Frans Van Walree, et al. The comparison of the hydrodynamic behaviour of three fast
patrol boats with special hull geometries. In The 5th International Conference on High Performance
Marine Vehicles, 2006.

46



(20]

(21]

(22]

(23]

(24]

(25]

(26]

Lex JA Keuning. Motion control of small fast boats in follwing waves. In The 12th International Confer-
ence on Hydrodynamics, 18-23 September 2016, Egmond aan Zee, The Netherlands., 2016.

Yasuhisa Okumoto, Yu Takeda, Masaki Mano, and Tetsuo Okada. Deck structure. In Design of Ship Hull
Structures: A Practical Guide for Engineers, pages 461-473. Springer, 2009.

Hanns von Schertel. Design and application of hydrofoils and their future prospects. Institute of Ma-
rine Engineers Transactions, 86(Series A, Part 3), 1973.

Camilo Mejia Jaramillo et al. Improvement of seaworthiness of fast catamaran by hydrofoils support.
2017.

Ketut Suastika, Agung Silaen, Muhammad Hafiz Nurwahyu Aliffrananda, and Yuda Apri Hermawan.
Seakeeping analysis of a hydrofoil supported watercraft (hysuwac): A case study. CFD Letters, 13(5):10-
27,2021.

Peter van Diepen, David Molyneux, and Gabriel Tam. A flat wave piercing bow concept for high speed
monohull [c]. In Annual Meeting Papers Non Transactions. sn, 2003.

OM Faltinsen. Hydrodynamic features of high-speed vessels. Ships and Offshore Structures, 1(1):13-23,
2006.

47



Appendix A

Input code for Fastship simulation
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Appendix B

Code for the Jonswap spectrum for: Tp = 6s, H1/3 = 2.25m and a forward vessel speed of 18 knots
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Appendix C

In the figure below, the probabilities of exceedance are depicted of Iteration 2 and Iteration 2.1. The only
difference between both designs is the height of the chine relative to the keel. In iteration 2 and 2.1, the
height of the chine is respectively 1.32 metres and 1.12 metres, (5 cm below the waterline).

Probability of Exceedance of Iteration 2 Probability of Exceedance of Iteration 2.1

Vertical Accelerations (m/s"2)
Vertical Accelerations (m/s"2)

e — o —
0

06 04 06 04
Probability of Exceedance (%) Probability of Exceedance (%)

(a) Probability of exceedance of Iteration 2 (b) Probability of exceedance of Iteration 2.1

Figure 38: Comparison of vertical accelerations between iteration 2 and iteration 2.1
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Appendix D

Probability of Exceedance of Iteration 5 Probability of Exceedance of Deck design 1
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(a) Probability of exceedance of iteration 5 (b) Probability of exceedance of deck design 1
Figure 39: Comparison of vertical accelerations between iteration 5 and deck design 1 (Hj,3 = 2.25m)
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(a) Probability of exceedance of iteration 5 (b) Probability of exceedance of deck design 1

Figure 40: Comparison of vertical accelerations between iteration 5 and deck design 1 (Hy,3 = 3m)
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Lines plan of final design.




(a) Side view

(b) Top view

(c) Front view

Figure 41: Final Design
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