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ABSTRACT 

The concept of manoeuvrability is very important for efficient ship operation but also 
in ship safety. The aim of this paper is to test and perform a comparative analysis of 
manoeuvrability performance of a 9000 tdw chemical/oil tanker. The comparative 
analysis has been performed between the results obtained based from two software’s, 
namely PHP and MPP, but also between the results obtained in the sea trials with the 
output data from MPP. In this way it will be shown the differences (if any) in terms of 
manoeuvrability., and if the two used platforms are effective for providing preliminary 
determination of performances of manoeuvrability. 
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1. INTRODUCTION  

Manoeuvrability studies the motion of 
free-surface vessels in the horizontal plane 
[1]. The concept of manoeuvrability encom-
passes several distinct nautical qualities, in-
cluding: course stability (the ability of the 
vessel to maintain its course), manoeuvrabil-
ity itself (the ability of the vessel to change 
course rapidly) and the change of speed (in-
cluding stopping). 

The ship whose handling characteristics 
we will test in this paper is called Mayouri. 
 The Mayouri [2] is a double-hull, double-
bottom chemical tanker built in Romania, in 
Constanta shipyard in 2017 under Bureau 
Veritas classification. She is currently sailing 
under the French flag. It is a vessel with a 

maximum length of 119.43 metres; width of 
21.6 metres and weight of 9000 tdw.  

The vessel is outfitted with a Wartsila-
produced diesel engine having an installed 
power of 4080 kW. Additionally, it features a 
bow thruster, enhancing its manoeuvrability 
significantly. 

 
Figure 1. Mayoury vessel 
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The main dimensions of the vessel are 
shown in the table below. 
 

 
Figure 2. Main characteristics 

2. ESTIMATION OF THE 
MANOEUVRABILITY 
PERFORMANCE IN PHP   

The estimation of the manoeuvrability 
performance of the studied vessel were car-
ried out using two software platforms, one of 
which was designed and developed by the 
Faculty of Naval Architecture, Galati.  

 
Figure 3. Results of manoeuvrability estima-

tion for portside manoeuvre in PHP 

The first software that will initialize the 
estimation of handling performance is called 
PHP [3] (Preliminary Hydrodynamics Per-
formance), implemented by the Faculty of 
Architecture Naval Architecture, Galati with-
in the Faculty's Research Centre. For the 
proper functioning of the program and for the 
accuracy of the results, several  essential data 
were introduced in the process of estimating 
the manoeuvrability performance. 

A rudder angle of 35° shall be used to 
calculate port manoeuvrability performance.  

 

 
Figure 4. Results of manoeuvrability estima-

tion for starboard manoeuvre in PHP 
 

3. ESTIMATION OF THE 
MANOEUVRABILITY 
PERFORMANCE IN MPP 

The second tool that will serve as a 
working platform in estimating the perfor-
mance of manoeuvrability performance is the 
MPP [4] (Manoeuvring Prediction Program) 
developed by Professor M.G. Parsons, of the 
University of Michigan, USA. 
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Figure 5. Results of manoeuvrability estima-

tion for portside manoeuvre in MPP 
 
A first step in estimating the results is to 

create a new project, with the ship whose 
performance we are testing. Then the neces-
sary input data is added to obtain the results. 
To estimate the manoeuvrability performance 
on the port side, the rudder angle will be 35° 
and for the starboard side -35°. 

 
Figure 6. Results of manoeuvrability estima-

tion for starboard manoeuvre in MPP 

4. RESULTS FROM THE SEA 
TRIALS 

In order to achieve the desired result, 
the Excel platform was a final tool in the 
whole process. A series of gps coordinates 
were transformed into Cartesian coordinates 
from degrees, minutes, seconds into metres, 
through a series of specific formulas. 

The table shows the recordings from the 
sea trials at the turning manoeuvre to port 
side, which were recorded from second to 
second, starting at 15:29:30. The 9 record-
ings are part of a total of 408. 

 
Figure 7. Main table of port turning 

coordinates 

 
Figure 8. Main table of starboard turn-

ing coordinates 

The table shows the recordings from the 
sea trials at the turning manoeuvre to star-
board. These were generated second by sec-
ond, starting at 15:21:00. The 9 recordings 
below are part of a total of 450. 

Based on  the records from the sea trials 
centralised in tables, a series of the repre-
sentative charts were created for the port and 
starboard turning. 

In  figure 7, we can see that the port 
turning manoeuvre, carried out during the sea 
trials, underwent changes in terms of the 
turning circle. Influences of environmental 
factors had a major impact on it. 

 
Figure 9. Port turning diagram 
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In  figure 8, we can see that environ-
mental influences had a major impact on the 
conduct of the trials. When turning to star-
board, the diameter of the turning circle in-
tersects the initial direction of travel of the 
ship.  

 
Figure 10. Starboard turning diagram 

Environmental factors are a very important 
parameter in terms of the sea trials  because they 
have a very big influence on them.  

In the ship's sea trials, the environmen-
tal factors present were as follows: 

 
Figure 11. Environmental factors from 

sea trials 

5. COMPARATIVE ANALYSIS 
OF EMPIRICAL VS. SEA TRIAL 
RESULTS 

The comparative analysis of empirical 
vs. natural results was performed with the 
purpose of verifying the results so that the 
results behind the mathematical model are as 
close as possible from the sea trials. 

The preliminary design platforms studied do 
not consider  the influence of environmental fac-
tors, considering ideal calm water conditions, this 
requires further examination. Results analysis 
shows whether the manoeuvrability performance is 
in line with or not within IMO conditions [5] and 
regulations. 

 
Figure 12.  Compliance with IMO  

criteria 

 
Figure 13. Comparative diagram of the 

results obtained from the design platforms 
and IMO criteria 

In the above figure 12, the parameters of 
the turning manoeuvre have been trans-
formed into ship lengths using specific for-
mulae for comparison with IMO criteria. 
After obtaining the results it can be noticed  
that these parameters do not exceed the val-
ues of 4.5 hull lengths for the advance and 5 
ship lengths for tactical diameter which leads 
to compliance with IMO criteria. 

From the diagram above, it can be ob-
served  that the parameters of the turning 
manoeuvre fall within the IMO criteria. 

 
Figure 14. Results of portside handling 

performance estimation 

The results obtained from the MPP pre-
liminary design platform were not satisfacto-
ry in relation to those obtained from the sea 
samples. From this point of view, the follow-
ing will be analysed only the results obtained 
from the PHP platform. 
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 As far as the vessel's advance is 
concerned, it can be seen from the figure 
above that result obtained using the PHP 
platform is very close to that obtained in the-
sea trials, with an error of only 5.8%. 

 Regarding the ship's transfer, it can 
be observed, from the above figure, that the 
result obtained through the PHP platform is  
very close to the one  obtained during the sea 
trials, with an error of only 7.1%. 

 As far as the tactical diameter of 
the vessel is concerned, it is noticeable  that 
the result obtained by means of the PHP plat-
form is lower than the one  obtained in the 
sea trials, by 19.6%.  

This difference may also be due to envi-
ronmental conditions (wind, wave, currents). 

 The results obtained using the PHP 
platform for stabilized turning diameter, are 
lower than the results from the large samples 
by 76.4%. 

6. CONCLUSION 
In the study case, "Comparative analysis 

of the manoeuvrability performance of a 
9000 𝑚3 chemical tank" preliminary ma-
noeuvrability performance estimation pro-
grams were used, such as PHP and MPP. 
These platforms generated a series of param-
eters corresponding to the manoeuvrability 
port and starboard turning with a 35° rudder 
angle, respectively -35°. 

The results acquired  were compared 
with the results from the sea trials, so we can 
conclude the following: 

 The preliminary design platforms 
studied do not take into account the influence 
of environmental influences, which is quite 
important considering the ideal conditions of 
calm water, so errors occur at an early stage. 

 In the PHP platform, the gained re-
sults  for the vessel advance as well as the 
transfer are relatively close to the results 
from the sea trials, but the differences in sta-
bilised turning diameter are substantially 
larger than for the trials, which suggests that 
the results are inconclusive. 

 In MPP and PHP platforms, when 
turning to starboard at an angle of rudder, the 
limitation of the programmes makes the results 
greatly underestimated compared to the sea tri-
als, which suggests inconclusive results. 

The preliminary design programs stud-
ied have some limitations in terms of ship 
manoeuvrability, but nevertheless demon-
strate their usefulness in such cases when 
quick results are needed. 

In general, initial design programs over-
estimate the values of the results, however, in 
the case of "Comparative analysis of the ma-
noeuvrability performance of a chemical 
tanker of 9000 𝑚3", the results were under-
estimated. 
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