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In the article, the authors detail an example of the application of, and latest developmentsin, new
simulation techniquesin computer-based programs (CBP) for mechanical engineering students. An
interactive program has been devised that is related to the fuel oil separator installation, wherein
trainees have the possibility to familiarise themselves with the system and develop operational
skills. Various multimedia techniques of simulation have been applied in this program, including
three-dimensional presentations, sound applications, diagrams, pictures, etc. The relationship
between simulation and the realism of the machinery’s operation has been particularly emphasi sed
in this application of new simulation techniques employed in the program. The experiencesin this
application of modern tools and techniques, as well as the advantages and drawbacks of the use of
interactive programs in the educational process of engine room officers, are also presented and

discussed in the article.

THE APPLICATION OF ENGINE ROOM
SIMULATORS

Today, many maritime academies and vocational train-
ing centres apply engine room simulators in their
didactic processes. Furthermore, the STCW 87/95
Convention strongly recommends the application of
engine room simulators in the teaching/learning
process[1-3]. Indeed, the application of simulatorsin
the professional training of marine engineering is a
mandatory requirement as determined by the Stand-
ards of Training, Certification and Watchkeeping
(STCW), which isan international convention on the
standards of training, certification and watchkeeping
for seafarers. The objective of this convention is to
establish aminimum level of specialised knowledge
and qualificationin global ship traffic[4].

*A revised and expanded version of a keynote address
presented at the 7" UICEE Annual Conference on Engi-
neering Education, held in Mumbai, India, from 9 to 13
February 2004. This paper was awarded the UICEE silver
award (joint fourth grade with one other paper) by popular
vote of Conference participants for the most significant
contribution to the field of engineering education.
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However, it is worthwhile mentioning that, apart
from several benefits, engine room simulators have
also some basic drawbacks and disadvantages.

First of dl, smulatorsinvolve many simplifications,
abbreviations and schemati ¢ presentations of machin-
ery systems. As aresult, trainees with even a perfect
knowledge of the simulator operation can have
serious problems while operating a real ship power
plant, primarily becausethe graphical presentation and
operating procedures of asimulator are different from
thereal environment that thetraineeisnormally being
confronted with.

For thisreason, computer-based training (CBT) is
beingincreasingly utilised in maritime academiesasa
preparatory stage, prior to the use of full mission
engine room simulators. The basic role of CBT inter-
active programsisthe familiarisation with individual
auxiliary machinery and associated systems, prior to
the commencement of the operation with the whole
engineroom plant [5-7].

Theuseof CBT modulesisespecially importantin
the case of complex marine control systems, where a
perfect knowledge of different operational modes is
required. Hence, the application of new simulation
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techniques in marine engineering education may be
analysed based on an exampleof aCBT module ALFA
LAVAL - Stype Separation System. Thegeneral view
of thisinteractive program isshown in Figure 1.

Figure 1: General view of the CBT module ALFA
LAVAL S-type Separation System.

Thelnvolvement of GdyniaMaritime
University

Thisnew generation of CBT modules, preparedin close
cooperation withthe ALFA LAVAL company, isalso
aresult of the experiencesgained in the application of
CBT in the education process of maritime engineers
at GdyniaMaritime University, Gdynia, Poland.

It should be noted at this point that Gdynia Mari-
time University has established and developed the
Centre for Maritime Engineering Education, a satel-
lite centre of the UNESCO International Centre for
Engineering Education (UICEE). Thissatellite centre
carries out research and development activities spe-
cifically dedicated to maritime engineering education,
and facilitates the continuing education needs of mari-
time personnel [8]. Part of this entails research and
development into simulation techniquesfor the train-
ing of the next generation of maritime engineers.

Advancements

In comparison with the previous CBT modules devel -
oped, the new generation of these programs includes
a better graphical presentation (involving also three-
dimensional techniques). Additionally, the program
presents a much closer relationship between simula-
tion and realism of the machinery’s operation, aswell
asthe adjustment of the machinery parameters, which
ispossiblethrough the operation of adigital panel. The
program also providesfacilitiesfor the preparation of
atraining report.

DESCRIPTION OF THEMODULES

The new generation of CBT modules consists of the
following sections as presented in Figure 2. The sys-
tem description presentsthe application, working prin-
ciplesand main components of theingtallation, together
with different kinds of graphical presentation, such as
pictures, photos, diagrams, etc. These can be better
understood in the examples presented in Figures 3, 4
and 5.

A digital control panel wasintentionally designed
to be as close as possible to the real equipment de-
sign. The real control panel of a separator system is
shown in Figure 6, and its graphical form, asused in
the simulator, is presented in Figure 7.

The operating procedures section includes a step-
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Figure 2: CBT module elements.
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Figure 3: Working principles of a separator.



New Simulation Techniques... 203

Reguiating
valve
Shut-off valve |

Dpéraung}_,: i %4;
water . 3 i

Pressure
lransmitier
(il inket)

Clean oil outlet
-

Temperature |
transmittar ; | \Water
? £ transducer
Oil inlet :
% s Pressure
il L 4 transimitter
recirculation T T Tt B (oil outlat)
N\ i Ass
s Control unit
Change-over “% T &y :
VB 4T A Pressure f//\\

Oilin— "

B e i fransmitter [ @
-;J/ (e i (water) { %jf
i Draini y
Cil get,  valve
Wateri T/ %o

Figure 4. Separator elements — a three-dimensional
presentation.
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Figure 5: The combination between aphoto and apic-
ture presentation.

by-step detailed description of the preparation for the
process of starting the plant, automatic and manual
control functioning, aswell as stopping the plant. Im-
portantly, emergency procedures are also includedin
the procedures. This part also presents diagrams il-
lustrating the consecutive phases of the plant opera-
tion, parametersand an alarm list. Digital displaysand
push buttons allow for the adjustment of the process
parameters.

Inthe simulator part of the program, an interactive
software simulator is applied, as shown in Figures 7
and 8.

A fuel ail treatment plant-timing unit is presented
inFigure 3. Thetiming unit givesthe possibility to ad-
just the basic system’s parameters as shown in Figure
4. The refrigerating plant pressure control has been
presented here (the adjustment possibilities areidenti-
cal asinred lifeconditions). By clicking on the mouse,
the trainee must set the proper parameters, start the
supply pump, the compressor, etc, and he/she must
follow theinstructions given in the Operating I nstruc-
tions. Thisenablesthetraineeto apply in practice the
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Figure 6: A separator’s control panel.

Figure 8: A diagram of the separator’sinstallation.



204 R. Cwilewicz, L. Tomczak & Z.J. Pudlowski

theoretical knowledge acquired according to the Op-
erating Instructions. The system diagram isshownin
Figure8.

The experience gained in the educational process
shows that it is extremely important to combine the
schematic diagram with the real presentation of ade-
termined part in the form of aphoto. Therelationships

between the graphical presentation and real system’s
elements are presented in Figure 9.

It should be noted that a new version of the CBT
modules contains also a Training Report (see Figure
10), where students' performances during the lessons
and their test scores in the assessment section can be
recorded in terms of percentage rates (%).

Figure 9: The relations between graphical presentation and the real system'’s elements.

Trainee name: Jan kowalski

Date campleted: 3 Movember 2003 Totaltime used: & minutes
Lessan Completed Test scare

1. Systern description 100 %

2. Beparatar design 100 %

3. Operating instructions 100 %

4. Parameter list 100 %

5. Alarms 100 %

B. Simulator BT %

7. Assessment 100 % 4 correct of 10 40 %
Total 895 %

Figure 10: A training report template.
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RECENT DEVELOPMENTS

The latest development in the CBT simulator is pre-
sented in Figures 11 and 12. This three-dimensional
presentation of thecomplex ALFA LAVAL Fuel Con-
ditioning Module allows for zoomed and detailed ob-
servations of the system’s elements (as viewed from
different sides). Thistechnique also permits changing
valve positions and the activation of switchesand push
buttons—all by simply clicking the mouse.

Thisinnovativetype of complex three-dimensional
technique for machinery presentations appears very
closeto reality. Such an approach enables the student
to follow how a certain device really functions and
gives him/her the opportunity to see a complete pic-
ture of the structure. It should also be added that this
type of presentation also includes sound effects that
can befound in real-life operations.

It is envisaged that, in the near future, this type of
solutions will be applied at an increasing rate with
regard to the design of CBT interactive programs.

Figure 12: Fue conditioning modul e el ements (zoom).

CONCLUSIONS

It has been learnt through experience that the appli-
cation of simulation in teaching complex control sys-
tems leads to a better understanding of the principles
of operation of both the equipment and the systemsin
comparison with traditional education methods.
Moreover, it reducesthe cost of training and increases
the effectiveness of engineering educational scheme.
Trainees not only acquire the knowledge concerning
the operation of the equipment in normal exploitation
conditions, but are also familiarised with emergency
situations. As a consequence, trainees are better pre-
pared to deal with potential emergencies during op-
erations on board [4][9].

Theapplication of CBT interactive programsplays
a very important role in a preliminary stage of the
preparation for the use of full mission simulators.
During the exercises conducted with the application
of full mission simulators, the instructor has no time
to present the detailed description and the principles
of operation of each individual parts of the system.
Thus, theuse of CBT interactive programsin the edu-
cational process increases, in a very important way,
the effectiveness of the application of afull mission
smulator.
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