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ABSTRACT

Full mission simulators have proven benefits for ship handling training in real
time on fully equipped bridges throughout the last decades. In parallel the training in
manned (or better “crewed”) ship models has emerged where the trainee sits onboard
the small scaled boats. The benefits of the scaled model training is that the time is also
scaled and therefore the exercises with a model ration 1:25 need only one fifth of the
time of exercises on a real training vessel or in a full mission simulator.

In order to take advantage of this time saving approach an investigation were made
to model an existing simulator ship (container vessel of 2500 TEU) as a small scaled
duplicate 1:25 in a Shiphandling simulator. The main parameters of the large model
were changed according to the scale ratio as a basic setup for the small model. Series of
simulations were made to adjust the manoeuvring characteristics for suitable similarity.
For these procedures professional tools SIMOPT and SIMDAT were used for fast time
simulation and for automatic assessment of the simulation results.

As test bed for this new approach a specific training area setup was used represent-
ing several parallel course manoeuvres passages and return manoeuvres similar to per-
son over board manoeuvres at the Maritime Simulation Centre Warnemuende (MSCW)
of Wismar University. This setup was successfully used during the investigations in an
IAMU project on Shiphandling training with manned models on a lake and on board
the big training vessel of Gdynia Maritime Academy in Poland.

As a result it turned out that some parts of the basic Shiphandling training exercises
can be done more efficiently in less time than before. The results clearly indicate that
the students’ experiences made with the small scaled model could be transferred to the
original scaled ship successfully.
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I. INTRODUCTION AND AIM OF THIS PAPER

1.I. ORIGIN OF THE IDEA -THE IAMU TRAINING
WORKSHOP IN ILAWA AND EXPERIENCES

Full mission simulators have proven benefits for ship handling training in real
time on fully equipped bridges throughout the last decades. In parallel the training in
manned (or better “crewed”) ship models has emerged where the trainee sits onboard
the small scaled boats. The benefits of the scaled model training is that the time is also
scaled and therefore the exercises with a model ration 1:25 need only one fifth of the
time of exercises on a real training vessel or in a full mission simulator. An IAMU re-
search project “Analysis of effectiveness and efficiency of MET in Shiphandling” started
in 2006 to compare and to analyse several training methods in small manned ship
models, in Shiphandling simulator and on training ships in order to find out the benefits
of the approaches.

Within this project a workshop for shiphandling training in 2006 was excellently
organized by the Maritime University of Gdynia, Poland. Students from the 4 project
partners Maritime Universities (apart from Gdynia they came from Wismar University,
from Odesa National Maritime Academy and from Maine Maritime Academy). The
Ship Handling Research and Training Centre at Ilawa, Poland was hosting the first
part of the workshop with the manned models: This centre has been coaching masters
and pilots for more than 20 years in manned models of different ship types. For the
students’ exercise in the workshop a LNG-Tanker ship model Figure 1 was used, which
had to be steered through a buoyed waterway, specifically in a series of “Parallel Course
Manoeuvre” and Williamson Turns at both ends to be seen in Figure 2.

Figure 1: Student Karina Wieseler from  Figure 2: Track of the ship model (dotted
Wismar University on the bridge of the LNG green line) during “Parallel Course
tanker model during berthing manoeuvre ~ Manoeuvre” (Result of Student Nicole
at Ilawa Training Centre Schnell from Wismar University)
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During this test it turned out that the training in the small manned models is
faster than the training in full mission simulator and much faster than on the train-
ing vessel. Therefore the idea was born to transfer the advantage of smaller time
consumption of the exercises with the small scaled ship models to simulator training
facilities. The German team of the project came to the conclusion to model a small
scaled simulator ship in the Shiphandling simulator of the MSCW and to make some
tests on the suitability and efficiency which will be described in the following part
of the paper.

1.2. SHORT OVERVIEW OF MSCW / SHS As TEsST BED
FOR THE NEW TRAINING APPROACH

The Maritime Simulation Centre Warnemuende at Wismar University, Department
of Maritime Studies in Rostock-Warnemuende accommodates six simulators embrac-
ing a common network and comprised of four ship-handling bridge systems with dif-
fering levels of equipment, a ship’s engine system and a VTS simulation facility. The
interaction of many of the simulators can be interfaced either mutually or to form a big
scenario comprising all simulators (Benedict 2000).

The Ship handling Simulator (SHS) comprises four bridges: Bridge 1 consists of a
fully integrated replica bridge assembly projector-based 360° visual display, Bridge 2
has a similar 257° visual display system which can be specifically used for manoeuvring
a ship from bridge wing, the remaining two bridges 3 and 4 are used mainly as radar
cabins, each being additionally equipped with 120° visual display screens. A lab with
four stations for computer-based Instructorless Training (ILT) completes the setup for
effective ship handling training.

Figure 3: Full Mission Bridge Simulator with CV BALTIC (left) ad Instructorless
Training Station for Shiphandling (right) at the MSCW of Wismar University
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Specifically the Instructorless Training Stations should be used for the experiments
with the small scale models because they are generally used to prepare for the training
in the full mission simulators and excellently suitable.

2.TUNING OF A SMALL SCALED SHIP MOD-
EL IN THE SHIP HANDLING SIMULATOR

2.I. SELECTION OF SHIP TYPE, VESSEL DATA AND CALCULATION
OF THE MODEL SHIP PARAMETERS AND COEFFICIENTS

As sample ship a 2500 TEU container vessel Type BALTIC was selected from the
ship handling simulator database. It is excellently modelled to the original full sized
ship and often used in the training sessions as well as highly accepted by the master and
pilot trainees. Her length is L, =220 m and the service speed about 20 kn.

The basis of the calculations is the geometrical similarity of the ship and the model-
the aim is the similarity in manoeuvring behaviour. Froude’s similarity laws (which is
also the basis of regular ship model tests in reality) were used, examples:

a) Geometrical similarity:

L=l =L, Index s: ship; Index m: scaled model
This results in e.g. | :scale factor (e.g. 24); L: length
A =1?*A_and A: area

V=%V V: volume

b) Kinematical similarity:

t_ =/l *t_which resultsin e.g. t: time

v =l *v._ v: speed

c¢) Dynamical similarity:

F=|%«F. F: forces

P=|%*xp P: power

The parameters of the original vessel (e.g. L ,, wind attack areas, nominal speed,
nominal engine power, displacement, etc.) were converted by these established formu-
las into the small scaled ship model data:

Parameter / Ship data Original and Full Mission Small Scaled Simulator Ship
Simulator Ship
length over all [m] 217.5 9.06
beam [m] 32.2 1.34
draught [m] 11.0 0.46
rudder area [m? 45.0 0.08
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displacement [t] 49 308 3.57
nominal power [kw] 16 440 0.24 (10)
nominal speed [kn] 18.9 3.9

The following equation of motion was used as math model for the ships dynamic:
X=m(u-rv—x,*)
Y=m(V+ru+xgt)
N=If+mx;(V+ru)

The ships hull forces are normally represented by polynomials based on dimension-
less parameters, for instance in the equation for transverse force Y and yaw moment N
given as the sum of terms with linear components N, N , Y and Y, and additional non-
linear terms. Normally these dimensionless parameters could be used also for smaller
ships and it was expected in the beginning to directly take them into account for the
small scaled model. However, the ship database of the SHS was not prepared for such
small power driven ships and accepted 10 kw as minimum power input of a simulator
ship unfortunately. Therefore some extra work has to be done to adjust the ship model
data to this power with the help of the SIMOPT software described below.

By means of a Clarke (e.g. 1983) estimation the hydrodynamic added masses and
the coefficients of the equations of motion were estimated. To acquire the desired simi-
larity in manoeuvring behaviour and the required track similarity these values (e.g.
Xup- dimensionless hydrodynamic added mass in x-direction, Nuv- hydrodynamic lift
coefficient, etc.) were tuned to an acceptable coincidence. To compare the similarity
of the tracks it is helpful to present the results divided by Ly (length between perpen-
diculars).

2.2. TUNING OF MODEL USING FAST TIME Si1-
MULATION AND ASSESSMENT MODULES

2.2.1. FAST TIME SiIMULATION MODULE SIMOPT

PC-based fast time simulation software was used for the tuning of the small scaled
ship model which was developed at MSCW originally for the tuning of the regular simu-
lator ship models (detailed description in Benedict et.al 2006). This software represents
the same ships dynamic capabilities as the Ship Handling Simulator (SHS) system, ex-
cept for some environmental impact as for instance shallow water, current or banking
effects which are not considered for saving computation time. The programming was
done in MATLAB and C++. The Advantage and Capabilities of this software is:

e The Math Model reveals same simulation results as SHS,

271



WORLD MARITIME EXELLENCE

e It is remarkably faster than “SHS real time simulation ” the ratio is up to
1/100,
o The steering of simulator vessels is done by specific manoeuvre-control settings
/ commands for standard procedures and individual manoeuvres.
The following figures show some examples of the SIMOPT interface:

If a ship file is loaded the ships main data are displayed (or can be entered for a new
ship).. The hull coefficients are displayed in the centre. Manoeuvres can be selected
from the right top menu. Several options can be chosen from the top menu (Figure 4)
in order to calculate the hull data and other parameters based on methods published
by Clarke1983, 1997 or Oltmann 2003.

Figure 4: SIMOPT Interface Elements — Top Menus:  Figure 5: SIMOPT - Optimising
Detailed Selection of Simulation and Analysis Elements ~ Ship Model Parameters and
from several menus; Manoeuvre Commands (top right) ~ Manoeuvres by Parameter-

as well as Manoeuvre Optimisation criteria Series

Manoeuvres can be selected from the right top menu. Simulations can be done either
as single run or as simulation series following the principle to be seen in interface Figure 5
for selection of up to 3 Parameter series to be simulated in parallel or sequential for:

e Simulation parameters, e.g. Manoeuvre series (here 8 rudder angles)

e  Ship Parameters (L, B, T, or others)

e Hull / force parameters Clarke coefficient, e.g. N

e Environmental data, e.g. wind force

The example in that figure represents a series of 8 rudder angle variations, 6 pa-
rameter changes of Hull yaw moment coefficient N and 5 different wind force condi-
tions — that means in total 8x6x5=240 simulation runs, given in the bottom line!

During the simulation run the monitoring of simulation process is clearly indicated
e.g. by “coloured bars” in the respective windows at current manoeuvre element.
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2.2.2. SIMULATION ANALYSIS MODULE SIMDAT

The specific new “Offline assessment tool” SIMDAT was originally designed at the
MSCW to supply the instructor with semiautomatic assessment of the recorded exercise
data (BENEDICT et al. 2003). The tool allows for a detailed evaluation of the trainees
results, e.g.:

e Dby analysing the plotted parameters or more complex data (e.g. the risk levels

for collision avoidance situation) during the exercise or

e by comparing the ships track steered by the students with reference tracks.

The concept of data evaluation and assessment tool was to evaluate a variety of
different manoeuvres and exercise elements with one common interface. During the
evaluation all measurement data are analysed automatically according to selected cri-
teria. Time- and limit- dependent violations are shown in the central window as well
as penalty points according to an exercise specific algorithm are given. Apart from the
evaluation of students training result the tools were used even in waterway investiga-
tion (Benedict et al. 2004).

For the purpose of simulator ships parameter tuning and optimisation of manoeu-
vres this SIMDAT tool was extended:

The Data for the manoeuvring characteristics can now be automatically retrieved
for all manoeuvres used for simulator ships tuning

Enhanced Graphic tools are available for displaying various types of results

In the upper graphic of Figure 6 the complete track history of a simulation run is
shown. A slider on the right hand side of the graphic allows for the timely and detailed
analysis of periods during the simulation. The track can be presented in x/y co-ordi-
nates or in geographical co-ordinates.

The lower graphic displays a number of ships data measured during the simulation.
This includes Rudder angle, speed or course information of all ships. All graphics can
be zoomed so that details of the exercise become visible and the graphical data shown
on the surface can be saved and exported for further use.

Depending on the simulated manoeuvre types several special evaluation algorithms
are used to produce the results for the manoeuvre as shown in resulting graphs and
tables of the particular evaluation.

Additionally to the different graphical presentations specific overviews on the re-
sults are provided when series of manoeuvres have been simulated. This figure shows
a comparison of simulation series results for turning circle with respect to Transfer,
Advance, Diameter, Final Speed and Final ROT. It can be given in tables or in diagrams.
Moreover the complete set of ships manoeuvring characteristics can be retrieved as a
basis for the simulator ships manoeuvring documents. For the tuning of the scaled ship
models the track data can be even related to the respective ships length to compare the
scaled models results with the respective data of the same ships original data or data
of the original sized simulator model.
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Figure 6: SIMDAT - Simulation result analysis in plots: Main interface and results for
turning circle series varying rudder angles — Tracks and plots of time histories

2.2.3. PARAMETER — OPTIMISATION FOR SHIP MODEL FILES

The objective of the parameter optimisation process is to find suitable simulator ship
model files which can be used in the simulator to represent the reference ships’ dynamic.
Starting from the ships main data, Basic Ship data files will be generated using simple
methods (e.g. according to CLARKE 1983), to have a first estimation of the dynamic
behaviour. By means of the SIMOPT program the fast time simulation produces various
results of manoeuvring characteristics which are retrieved by SIMDAT and compared
with the manoeuvring characteristics of the reference vessel. By changing the Model-
Parameters the manoeuvring performance of Simulator Ship Model is adjusted. The final
goal is to achieve a ship file with optimised model-parameters to be applicable for train-
ing & research in SHS. The biggest problem is that there are up to 200 parameters and
the effects and tendencies of the changes are not very clear; some changes may even have
effects which counteract the results of the others. Therefore it is very important to know
about the parameters which have a clear impact on the manoeuvring characteristics. As
an example for varying one of the Hull parameters here the variation of ships moment
of inertia I is given; this parameter is expressed as kzz2 in the database with

Iz = ﬁz -m- L2
For the demonstration a Parameter-Series of turning circles with Hard Rudder to
Starboard was simulated varying the value of k 2 (which is initially 0.2) between 0.1
and 0.2 in steps of 0.01. The result in Figure 7 shows a clear effect on the advance of
the turning circle whereas the diameter and the speed loss did not change.

The knowledge of those effects can be used to effectively tune simulator ships to
have manoeuvring characteristics as the reference ships
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Figure 7: Model tuning - Parameter series for changing Moment of Inertia - Turning
circle tracks and speed and extract of characteristic manoeuvring data

2.2.4. COMPARISON OF THE SHIP MODELS - RESULTS OF THE TUNING PROCESS

The result of the tuning process for the small scaled ship model is to be seen in
Figure 8.
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Figure 8: SIMDAT - Comparison of manoeuvring track results related to ship length Lpp
for full sized ship (red) and the small scaled ship model (blue):
- Turning circle full rudder - left; Single Turn starboard - 2nd left;
- Zig-Zag test Port 10°(3rd left), coasting stop (centre); Crash-Stop Tests from full
ahead to full astern (right)

The example tracks were taken from the SIMDAT software, which is used as a tool for
manoeuvring data analysis and evaluation. The blue track describes the track of the small

scaled model, the red track the motion of the original sized simulator ship model.
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After having successfully created the ship’s model in a scale of 1:24 in SIMOPT, the
model was transferred to MMOCE database in the SHS system at MSCW for further test
trials. It was found that the full mission simulator showed the same ships characteristics
as the results as achieved by the SIMOPT / SIMDAT software.

This was the prerequisite to undergo the following test trails with the students to
check for the suitability of the small scaled simulator ship approach.

3. INVESTIGATIONS ON THE SUITABILITY AND
EFFECTIVENESS OF SMALL SCALED
MODEL TRAINING IN SIMULATORS

3.1. APPROACH FOR COMPARING TRAINING
REsuULTS AND TRAIL SETUP

3.I.I. DIFFERENT SEA AREAS AND EXPERIENCE
LEVELS IN GROUPS OF TRAINEES

In order to investigate whether the small scaled ship model is applicable for the
shiphandling training three groups of test persons were built. Each group had to com-
plete several voyages through a buoyed waterway identical to the Parallel Course Ma-
noeuvre established for the workshop in the Ship Handling Research and Training
Centre — Ilawa (see Figure 2 and Figure 12). This training area had to be prepared in
the same scale as the ships, i.e. we had one area for the original ship size and one for
the small scaled model. The dimension of the sea areas are:

- original ship model sea area: north - south 7300m = 3.94 nm
west - east 2230m = 1.20 nm
- small scaled ship model sea area: north — south 300 m = 0.164 nm
west - east 90 m = 0.0485 nm

Most of the trainees did the trips with the small scaled simulator ship model first
and afterwards they used this experience gained to check their training skills on the
large ship, others started with the full sized simulator ship.

The concept is to compare all these groups in order to find out whether they are
able to transfer the skills they had gathered with the small scaled ship to manoeuvre the
original sized vessel. Additionally the impact of the level of information to the trainees
should be investigated: the test situations for the groups differ in the level of guidance
and information they either got provided or had to be prepared by themselves.
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- Group 1-so-called beginners- they did not get any information or manoeuvring
parameters of the ship model, they had to steer through this buoyed waterway
without any preparation.

- Group 2 - so-called experienced users - they performed a Course-Change-Test
for measuring the overswing angley , and determined graphically the course
change distance X_by means of the track figures of turning circles. On the basis
of these values they prepared themselves and planned the manoeuvre before-
hand.

- Group 3 -so-called informed users — they got provided all necessary parameters
on paper documents, they used existing Course-Change-Diagrams to plan their
passage.

The following scheme shows the differences between the groups:

Data provided as GROUP 1 GROUP 2 GROUP 3
guidance for the tests Beginners Experienced users Informed users
overswing angle - performed Course-Change-  |Provision of
Yo Test to measure parameters |Course-Change-
individually Diagram
course change distance - determined graphically Provision of
X, 7300m = 3.94 nm with tracks of turning circles for|Course-Change-
diff. course changes Diagram

Each group has to pass the track four times at a preset speed of 2 kn, equivalent of
Half Ahead of the original simulator ship model.

3.1.2. RESULTS FROM COURSE—-CHANGE-TEST AS
INFORMATION FOR THE TRAINEES

Results of a course change test are suitable information for voyage planning: This
test was developed by Nomoto (see also Benedict 1987) to support ships in course
changes e.g. in a given lane width. The following parameters are useful:

- course change distance X, for wheel-over-point

- overswing-angley , to apply for counter rudder action before having reached

the final course

The following test procedures can be applied for the trails to acquire the necessary
data:

The ship approaches to the test with constant speed and steady course. Then fol-
lowing actions will be taken:

- apply initial rudder angled, , e.g.d, = 10°
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- keep until a certain change of heading, e.g. ¥ = 45°; then apply counter rudder
d. =10° PT until rate of turn =0

- rudder midships and steady course; - final course-change-angle is to measure
e.g. =31°

- calculate over-swing-angle: ¥, =¥, - ¥, =56°-45°=11°

J
Steady final course
Whenr=0:
Rudder &= 0°

Planned L
Waypoint

' Counter rudder to check
i turning before final

£ course

Course change /
v ;
distance Xe ! 4
'
] Xc
When y=yc:

<> Wheel over point.
; ; 5= 109 P
Initial rudder action 8¢= 10° PT

ﬁ Approaching Vessel 8= 10° STB

Figure 9: Standard course change manoeuvre and data for manoeuvre planning (left);
Procedure of a Course Change Test, relevant parameters and actions (right)

This can be repeated for different course changes and/or rudder angles.
The course change distance X, can be determined graphically by using the track
figure of a certain turning circle (Figure 10). The planned course has to be applied as

a tangent to the turning circle.
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Figure 10: Simplified Estimation of XC Figure 11: Course change diagram

—Student Results of the trails with the

from tangent to the related turning circle
small scaled ship model
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The results of overswing-angley , and course change distance X, will be plotted in
a diagram versus final course change angle  (Figure 11). This diagram can be used for
voyage planning according to the planned final course change at a waypoint.

3.2. RESULTS AND ANALYSIS OF THE TEST TRIALS

While performing their voyage through the buoyed waterway the students’ results
of the different groups were being logged. Data recorded includes track, rate of turn,
rudder angle, engine orders. By means of the SIMDAT software these logged sessions
can be evaluated and analysed for research purpose. Figure 12 presents an overview of
SIMDAT software interface and the track in the small sea area layout.

/ SimDat - Data Analysis
File Options Maps/Objects  Simdat Evaluation Info

— Data Characteristics————————— track of 1 37:55 min
End of data acquisttion: YWed May 23 2007 17:35:44 ? ;

Stuation file: DARMIB_001_B3_Wis \ 2276
Sttuation Area: 79 Mini Baltic 54.005 L sec
Simulation Period = 15 5 H _ﬂ
Available simulation data : 1 Own Ship(s) H ¥
0 Traffic Ship(s) 4 0 Helicopter(s) 54.0045 q
~— Own Ships — Traffic/Helicopter— 54.004
: £ 540035
o I
= i
5 54.003p
2 K
;é_ 540025 f----
® b
— 54002
— Display Options - Track——M———————— d
/]t Fion Track Full Track 54.0015 h-
[ Marker every  [10 | mintes [~ |C ngo i '
Time every 10 minutes i _|Dfsy Lines
Shape every 10 minutes 54.0005 :' o5
:49:24
— Display Options - Additional Data———— i 7.002 &
OWN SHPS TRAFFIC SHPS Longitude [°] East ZOOM ON
Rudder Angle ... Speed ["1Spesd

2. measured data 1
1 Rudder Angle [[] Speed o. Ground v

[[] Rudder Cmd Port [ |Pitch angle
"I Ruddar Crd Stb - [[] Heading

[]EOT Port [[] Course
| |EOT Sto ~|Rate of Tum (t HEL! =
[ [Prop. Theust Port []Rete ot Tuman  (~{speed k]
| Prop. Thrust Stb Thruster 1. Cmd ot
Thruster 4 Thr iHeading =
Crd 3 =
Bed
@
_iRoltangle
No_Extra_Data :J |:| 5 f Bl H H
Display Naw 500 1000 1500 2000

e e e L) time [sec]
o e ST P inpes

Figure 12: SIMDAT interface with data of a complete test run of a parallel course
manoeuvre with the small scaled ship model — track with buoy system layout
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The voyage with the ship model through the buoyed waterway takes 40 minutes
on average. In contrast the same passage with the original sized ship takes nearly three
hours.

According to the training effect an improvement of the trainees’ performance can
be seen during the course of the track (Figure 13): Particularly from the second to the
fourth passage the test person seems to become acquainted with the manoeuvrability
of the ship model. While performing the exercise the students had some problems in
considering the overswing angle in case they had to change starboard and port theo-
retically on the way down from north to south.

A
A A
{ A
=
i =
A
a L
ma BA

Figure 13: Analysis of a track result of an experienced user (from Group 2) with the
small scaled ship model: Complete track (left) and the separate passages from start (2nd
left) to the last passage (right)

Additional to the track figures the improvement can be seen also in the data figure
of the rudder angle versus time (Figure 14). During the last passage the rudder com-
mands and angles respectively reduced to a maximum value of 20°-25°, the first passage
were steered only with hard rudder angles.

280



dditional dat
o

e S

=L

additional data

WORLD MARITIME EXELLENCE

measured data 1

I
|

S Ui
| i
|

1700

L L L L L
1800 1900 2000 2100 2200

Figure 14: Analysis of a rudder angle plot of an Experienced user (from Group 2) with
the small scaled ship model: 1st passage (left) and 4th passage (right)

After the training sessions with the small scaled ship model the same test persons
manoeuvred the original sized ship. The person of the group of experienced users whose
results are shown above performed now the track below in Figure 15:
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Figure 15: Analysis of test run of an Experienced user (from Group 2) with the original
sized ship model: Complete track (left) and rudder angle plot of the first passage (right)

The voyage with the original sized model had to be reduced to half of the passages
they had to do with the small scaled model, but even though this took 82 minutes.
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There were approximately no deviation from the ideal course, The data figure dis-
plays also no higher rudder angles than 25° for steering through the buoyed water-
way.

This result clearly indicates that the experiences made with the model could be
transferred to the original scaled ship.

4. FINDINGS AND CONCLUSIONS

The investigation of the suitability of small scaled ship models for training in Simu-
lators has led to the following conclusions:

It was possible to model a simulator ship with the same manoeuvring characteristic
as a 2500 TEU container vessel in a smaller scale 1:24 successfully. Some extra efforts
were necessary because the training area and the buoys had to be scaled, too.

Small scaled model ships could be used on very small bridges only because other-
wise the ship might be smaller than the simulator bridge dimensions which imposes
some problems with the visual perception; specifically suitable these small ships are on
the ILT stations for basic training of manoeuvring aspects.

The most important advantage is the reduction of training time which was about
five times less. Whereas for the small model four passages could be done in 40 min the
duration for half of the program with 2 passages took 90 min for the original sized vessel
model. The results clearly indicate that the students’ experiences made with the small
scaled model could be transferred to the original scaled ship. More detailed investiga-
tion will follow this short overview during students master thesis.
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