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Abstract: One of the most important tools for maritime student education is the use of simulators, which 
provide practical instruction under controlled conditions. This article analyzes the behavior of Marine 
Engineering students at the Faculty of Maritime Studies in Split and their progress in knowledge and practice 
achieved through training in the Kongsberg Engine Room Simulator. The research was conducted by the 
instructors of the Kongsberg training simulator with the students of the third (last) year of the 
undergraduate study of Maritime Engineering. The progress was observed during the last semester of their 
studies on the practical problem of manual parallel connection of diesel generators. The obtained results 
clearly show that the training on the simulator helped the students to combine the learned theory from 
several subjects into one complex and that this happens gradually during the training. 
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1. INTRODUCTION

The distinctive feature of maritime universities 
compared to other universities is that their 
curriculum is largely governed by international 
regulations, in this case mainly the Seafarers' 
Training, Certification and Watchkeeping 
Convention (STCW) [1]. The Faculty of Maritime 
Studies at the University of Split, as one of the 
maritime higher education institutions, falls under 
the same rules, which determine, among other 
things, the training of students in simulators as well 
as practical training on ships. 
The Department of Marine Engineering has several 
simulators for different courses, including the 
Kongsberg K- SIM ERS -L11 MAN B&W-5L90MC 
VLCC Simulator [2]. 

Figure 1. Kongsberg Simulator Control Room 

This Simulator consists of three separate rooms, 
two where the training is conducted (Engine Room 
and Engine Control Room) and an instructor's 
station for supervision of the exercise. The training 
is designed to teach students to solve practical 
tasks using the knowledge they have acquired. In 
the Simulator, students are introduced to their 
future profession as an Officer in charge of an 
engineering watch. The Officer in charge of an 
engineering watch (Marine Engineer or Engineering 
Officer) must have a good knowledge of the various 
machinery and technical systems, be familiar with 
the environment, always follow the correct 
procedures and react quickly to various situations, 
challenges or dangers to themselves or the 
equipment. All these qualities are taught to the 
students during the Simulator training and are 
required from them during the final exam. The 
situations and machinery problems (various 
malfunctions) they face are very similar to real-life 
situations and, most importantly, everything 
happens in real time. 
In order for Simulator training to have the greatest 
possible effect, students must be familiar with 
various machines and engineering systems. 
Therefore, the simulator courses are held in the 
sixth semester (third year of study), when the 
students are in the final phase of their studies. 
Simulator training should "contribute to the 
students' efficiency and experience and increase 
their confidence in simulated situations" [3], or, to 
quote another researcher, "to instill adequate skills 
to handle normal and abnormal situations“ [4]. The 
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training and education should create the necessary 
difference needed for their future work.  
There are two categories of engine watchkeeping 
personnel, divided by level of responsibility and 
understanding of the "bigger picture" of operating 
principles and potential problems. These categories 
are Engine ratings and Engineering officers. Their 
main difference lies in the level of education and 
thus certification [5]. 
Engine ratings, especially well-experienced ratings 
can have a good insight into daily operations and 
can offer good solutions to the problems at hand. 
In addition, they usually can successfully perform a 
variety of actions successfully on their own and 
without supervision. At the same time, engine 
rating's understanding of the whole process they 
are performing is very limited, they know how to 
do it, but he does not know why. 
Engineering Officers should also should be able to 
perform a variety of actions independently and 
successfully without supervision. In addition, 
because of their education and training, they must 
know in detail the entire process they are dealing 
with and know at all times what the consequences 
of their actions may be. Engineering Officers must 
apply the skills and knowledge they have learned 
during their education and training in their daily 
work. 
Because of the different training and skills, the 
Engineering Officer is the one who makes the 
decision, deals with the consequences and finally 
takes responsibility. 

2. SYNCHRONIZATION EXERCISE 

Students (trainees) are required to learn and 
perform a multitude of exercises during Simulator 
training. The most common exercises are starting 
various machinery systems like starting air, cooling 
fresh water cooling, sea water cooling, lubricating 
oil, fuel oil supply, ventilation and air conditioning, 
…, and the most important system on any ship, the 
generation of electrical power. Without this system, 
no other system on the ship works and the ship 
cannot perform its function. Electrical energy on 
ships is generated by generators, usually powered 
by diesel engines. Each ship must have several 
generators in order to be able to respond to 
changes in energy demand and to have redundancy 
due to the importance of the system. Depending on 
the requirements of the ship's network and the 
consumers, one or more generators run, connected 
to the ship’s busbars. Today, the monitoring of the 
entire system and the execution of all steps is done 
automatically. When the computer decides that 
another engine is needed, an engine is started, 
synchronized and connected to the ships' busbars. 
If a human operator wants to start an additional 
generator engine, he can give the computer the 
command to do so remotely. The whole process is 

relatively short and simple, especially if the 
automatic system is working properly, and can 
easily be done by either by Engine ratings or an 
Engineering Officer. The difference between the 
two is noticed when problems occur and when the 
system starts to function abnormally. 
As described in the introduction, simulator training 
can be seen as a bridge between practice and 
theory. Assuming that students have learned the 
theoretical part and are ready to face the 
challenges of the practical simulator, the training is 
conducted in a way where students actively 
participate in various operations and problem-
solving classes.  
In this method of training, students are given 
standard ship checklists and are encouraged to 
carry out the exercise themselves under the 
guidance of an instructor. Any problems they 
encounter along the way can be considered 
learning checkpoints, because at these moments 
the students have to draw on their theoretical 
knowledge and use it to solve the problem. This is 
the foundation on which they will build their future 
experience. 
The Simulator exercise recreates extraordinary 
situations where education and training should be 
beneficial. In the first part of the exercise, the 
computer system has failed and the monitoring of 
the generator and load should be done by a human. 
When the student determines that an additional 
generator is needed, he has to start a generator, 
synchronize it and connect it manually to the 
busbars. 
To perform this task manually, the student must be 
familiar with the three conditions required to 
synchronize a generator (only three which the 
operator can change): 

- The incoming generator voltage and the 
mains voltage must match, 
- the frequency of the incoming generator 
and the mains should be almost the same, 
- the phase sequence and phase position of 
the incoming generator and the mains 
should match. 

Only when the student knows these conditions, he 
can perform the manual synchronization [6] of the 
generator. 

2.1. Synchronization procedure 

After connecting one generator to the ship's grid 
and starting and warming up another generator, 
the student should proceed with the process of 
synchronization. After turning on the synchroscope 
on Synchronizing Panel (Figure 2), the student 
must select the generator to be connected to the 
network (the incoming generator). 
At this moment, the displays at the top of the 
Synchronizing Panel start to show the correct 
values. The first thing the students have to check 
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is that the two voltages are the same. The voltages 
of the incoming generator and the mains are fixed 
by the manufacturers and normally do not need to 
be adjusted. If the student needs to perform an 
adjustment, they can do so by setting the AVR 
(Automatic Voltage Regulator). 

 
Figure 2. Simulator Synchronizing Panel 
 
After checking that the voltages are equal in the 
upper left part of the Synchronizing Panel (Figure 
2), you need to check and set the next condition, 
which is that the frequency is almost equal. 
The frequency meters are in the upper right part of 
the panel and both frequencies should be almost 
the same. If an adjustment is required, you should 
operate the frequency adjustment handle (Figure 
3) to achieve the correct results. 

 
Figure 3. Frequency adjustment handle 

The frequency of the incoming generator can also 
be checked by means of the rotating lights (upper 
part, in the middle), which indicate the difference 
in frequency between the generator and the mains. 
If the lights rotate too fast in either direction 
(clockwise or counterclockwise), it means that the 
incoming frequency should be adjusted until the 
rotation slows down. Once you have adjusted the 
frequency of the generator, you can move on to the 
last part of the synchronization, which is to adjust 
the phase and connect the generator to the mains. 
The rotating lights should turn slowly clockwise, 
which means that the frequency of the incoming 
generator is slightly higher than that of the mains 
and the generator will start generating electricity 
after being connected. The generator can also be 
connected also if lights rotate slowly 
counterclockwise, which means that the incoming 
generator has a lower frequency than the mains. 
Connecting the generator in this condition will 
make the generator run like a motor (consuming 
electricity instead of generating it) and can trigger 
a reverse power protection trip if the power is too 
high or the time for such work is too long. 
Another mistake students can make is connecting 
the generator when the rotating speed is too high. 
This action can lead to an aggressive connection 
and cause damage to the engine and generator. 
After getting everything ready, the student should 
wait until the rotating lights arrive just before the 
12 o'clock position and then connect the generator 
to the mains. When making the connection, the 
student should ensure that the load of all 
generators is evenly distributed [7]. 

3. STUDENTS’ PROGRESS 

The first assessment was conducted when the 
instructors determined that familiarization with the 
simulator was complete, i.e. after 16 hours of 
instruction. During this time, the students learned 
about the simulator set-up, functioning and 
operation principles of the simulator and performed 
several exercises and tasks. One of the normal 
tasks was to remotely connect another generator in 
automatic mode. They performed this task several 
times and were familiar with the procedure. The 
assessment consisted of the synchronization 
process after a computer failure, i.e. manual 
synchronization, where the students had to answer 
several questions to show that they understood the 
background of the process. At the end of the 
practical demonstration, the students had to 
answer a questionnaire with 10 questions to check 
their theoretical knowledge about actions. 
The results of the first assessment are shown in 
Table 1. 
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Table 1. The first assessment success rate 

Practical Answers Questionnaire 

7/23 4/23 17/23 

30% 17% 74% 

 
Despite familiarization and theoretical knowledge, 
very few students managed to pass the 
assessment. The only area where the results were 
acceptable was the questionnaire, which 74% of 
the students passed, all other results were very 
poor. 
At the end of the semester, the students were 
tested again using the same approach. The test was 
repeated and this time the pass rate was 100%, 
which can be explained by the consequences of 
failing the first assessment. After this part, the 
students are tested again, only this time the 
questions and tasks have been adjusted to a higher 
level. Besides the computer failure, there was an 
additional failure of the governor motor, which 
made it impossible to use the frequency adjustment 
handle. This largely complicated synchronization 
process, which required local manual adjustment of 
the governor to the value at which the incoming 
generator frequency is too high compared to the 
mains, followed by an increase in the mains 
frequency, creating the synchronization conditions. 
After synchronization and connection of the 
generator, the mains frequency should be set to a 
normal value, resulting in load sharing to the newly 
connected generator with a faulty governor motor. 

Table 2. The second assessment success rate 

Practical Answers Questionnaire 

21/23 19/23 22/23 

91% 82% 95% 

 
As shown in Table 2, the vast majority of students 
succeeded in passing the assessment despite the 
relatively complex scenario. The assessment 
results clearly show the great progress made by the 
students during the Simulator course. The same 
results have been reached by many researchers in 
the maritime industry [8, 9, 10] as well as in other 
industries [11, 12]. 

4. CONCLUSION 

From the assessment results, it is clear that the 
students have improved significantly since they 
started the Simulator training. The Simulator 
training allowed the students to apply their 
theoretical knowledge for the first time and 
"connect" it with practice. 
When the parallelization problem was first 
presented to the students, many of them knew the 
definition from the textbook and the conditions for 
parallelization (almost 75% of the students), but 
did not know how to perform the operation. Only a 

small number of students were able to perform the 
required task on the first assessment, showing that 
theoretical knowledge alone is not sufficient. After 
mastering the operation procedure, theoretical and 
practical knowledge were merged and students 
were not only able to perform this and many other 
exercises, but also to understand the whole 
background of the process. This moment 
represents the point at which the students 
transform from being Engine room ratings to future 
Engineering Officers. 
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