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COMMINICTIONS

METHODS IN TEACHING INDUSTRIAL

MECHATRONIC SYSTEMS

Explanation in courses from the field of mechatronics is enough difficult due to the complexity and variety of phenomena to be explained.
The introduction of computer based learning enables to make the learning easier and visualisation of variables offers a deeper insight in the
system behaviour. Moreover, the introduction of e-learning into the teaching praxis makes learning in the courses more attractive for students
and easier for the understanding of the presented subject. The paper describes the e-learning support of the study programmes in industrial
mechatronic systems. Topics in e-learning modules are structured hierarchically starting from a system level in order to face the students with
an increased complexity (top down approach). Introduced interactivity and animations allow the students to acquire a possibly deep insight
into the complex and dynamic interactions of a number of parameters in the mechatronic systems.

1. Introduction

Industrial products are becoming more and more sophisticated
and more complex. Continuous industrial manufacturing belongs
among the most effective technologies. The manufacturing lines
present mechatronic systems in industrial environment. Here, the
technological operations are performed continuously on the mate-
rial in form of a strip (of steel, paper, plastic, rubber, etc.), that
moves continuously from one working machine to another. The
production lines of such types occur in various areas of industry,
e.g. in paper making machines (paper strips production), rolling
mills (steel strips), production lines in chemical industry (plastic
fibres and strips), and in many other industries. In fact, the processed
material causes a mechanical coupling of electrical drives driving
the working machines which increases complexity of the system
and introduces some problems at its control.

Such a mechatronic system requires a concurrent design of
mechanical, electronic, and information processing sub-systems in
order to reach the cost requirements of the industry. The growing
importance of mechatronics requires adequately prepared special-
ists. Regardless of whether the mechatronics is explicitly mentioned,
almost all engineering schools have given serious thoughts and
enhanced their programs so that their graduates are ready to suc-
cessfully face today’s industrial challenges and practice mecha-
tronics, as discussed detailed in [ 1]. Nowadays, when the students
incline more to the fields of study of informatics and telecommu-
nications, education in the field of electrical and mechatronic engi-
neering is really troublesome job [2]. The steadily decreasing ratio
of the students interested in studying “soft and clean” branches of
study like informatics and telecommunications to the students
dealing with electrical- and electro-mechanical engineering (con-
sidered generally as “hard and muddy” ones) has led to lack of
specialists in the field in many European countries.
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A mechatronic engineer is an ideal solution to the problem
faced by complex industrial environment but there are very few
engineers of this type available. This is mainly due to the fact that
the students are not encouraged to move into this field. Mecha-
tronic courses need to be marketed in a different way, by making
them more attractive, although they are seen to be difficult ones.
The students need to be aware of rewards and acquired knowledge
and of the fact that manufacturers have difficulty in finding these
type of engineers. It is the job of the university teachers to make
studying more attractive and easier accessible [3]. Web based
learning tools help to contribute to fulfilment of the presented
goals.

2. Object of industrial mechatronics curricula

Manufacturing lines equipped with motion control represent
industrial mechatronic systems. In Fig. 1, a control structure of
tandem hot-mill line is shown, that presents a typical multi-motor
drive system with mechanically coupled drives. Appearance of dis-

Fig. 1 Control structure of a tandem hot rolling mill as an example of
a large industrial mechatronic system (RR - speed controller,
RS - looper motor controller, SS - looper position sensor)

! Faculty of Electrical Engineering and Informatics, Technical University, KoSice, Slovakia, E-mail: Viliam.Fedak@tuke.sk
2 Delft University of Technology, Delft, The Netherlands, E-mail: P.Bauer@tudelft.nl

KOMUNIKACIE / COMMUNICATIONS 1/2007 o 47



COMVINICIONS

turbance (caused e.g. by inhomogenity of the processed material)
in one section influences the strip tension and thickness of the
material elsewhere. Thus it affects the behaviour of the whole group
of drives. To eliminate this effect sophisticated control structures
and algorithms are used.

A detailed analysis shows that such industrial technologic line
has all attributes of a mechatronic system, consisting of mechanical,
electrical and control (information processing) parts (Fig. 2a).
Control of such a complicated system with many mutual couplings
and dependencies requires a deep knowledge from all fields of
mechatronics: mechanical, electrical and information engineering.

There are plenty of mechatronic systems of various complex-
ities and ranges. For example, an electrical drive itself can be also
considered as a mechatronic system, although a simpler one, that
integrates various subsystems and knowledge from mechatronics
(Fig. 2b).

When designing controllers for a single electrical drive, influ-
ence of the environment is replaced by a load torque. In case of
analysed multi-motor drive, a complex multivariable system arises
causing difficulties in its control. Knowledge of a graduate in elec-
trical engineering is usually in this case unsatisfactory. The knowl-
edge from mechanical engineering as well as production technology
is also required. Without following a specialised course on mecha-
tronics, the specialist is not able to deal with the control of such
complex plant as described here.

A general problem in mechatronics is the fact that the expla-
nation deals with rather abstract notions (e.g. for electrical engi-
neering they are current, voltage, resistance, capacitance etc.). It
has been found that students who have faced with the principles of
fundamental courses (electronics, power electronics, control theory,
...) have problems in understanding the phenomena in complex
mechatronic systems where the main feature is a large number of
simultaneously occurring variables and changes of various sub-
stance, where the variables can vary with time, can be mutually
dependent, depend on state of other system variables, etc.

Requested values of technological parameters
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Teachers may clearly discuss all the phenomena involved during
lectures. However, even if computer animations are used, the stu-
dents cannot grasp the details in a short time, since the teacher
only once or twice shows examples or animations. There remains
a need for repetition and exercises. As a side problem, students
tend to get de-motivated by this complexity. This leads to the
undesirable situation that increases the discrepancy between the
number of students in mechatronic engineering and the demands
from industry for engineers in this field. After some considerations
it was decided to develop a number of computer animations showing
in a systematic and consistent way the interactions of switching
states, currents and voltages of different circuits of a mechatronic
system.

3. Basic philosophy of e-learning platform for courses
on mechatronics

The most important task at beginning of design and develop-
ment of an e-learning material is its philosophy. This covers the
appearance of the screens (environment), mutual linking of the
screens (screen flow), introducing animation and simulation tools,
introducing interactivity (external change of structure and para-
meters of the system), and, last but not least, presenting a way of
explanation and description of phenomena on the screen and
other ideas.

Each good e-learning material for mechatronics should evi-
dently clarify the phenomena and variables that are not directly
visible. In fact, nobody sees the current, voltage, mechanical stress,
force, etc., but their consequences are apparent. This is why a good
e-learning material should contain interactive animations to show
the phenomena-component-circuit-system behaviour. The introduced
interactivity brings a new dimension into education by showing
and evaluating influence of a variable parameter. A possibility to
change a circuit and/or system parameter by shifting a slider or
inserting the parameter value presents a presumption of the system
analysis.
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Fig. 2 Decomposition of mechatronic systems into subsystems: a) multi-motor drive of the hot rolling mill, b) electrical drive
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Further key point of a good e-learning material is the way of
theoretical explanation. It is not a simple question which amount
of textual explanation is necessary to make the basics understand-
ing, but not too much to become boring. This fact depends on
a target group - on the audience for whom the e-learning material
is prepared. These are the reasons why it is difficult to design
a proper e-learning material:

e if the tools are utilized as a complementary part of the lectures
at the university, then the theory is mostly explained by the
teacher, and the lecture notes, handouts can be used as the main
source,

e short explanations in form of flowing windows appearing after
any mouse activity (running over the picture, pushing buttons,
etc) are usually also enough for the qualified engineers, who
would like only to refresh or update their knowledge,

e much deeper theoretical explanations should be provided if the
main objective is the distance learning, since the learners are
expected to study most of the curriculum alone, after their work
or on the weekends.

The wide spectrum of key courses to be studied in the BSc.
and MSc. degrees study programmes on mechatronics covers all
three fields of the mechatronics: mechanical, electrical and infor-
mation engineering, mutually penetrating themselves [11].

4. Examples of e-elarning modules

The most important parts which the mechatronic motion
systems consist of are the system mechanics, electrical system con-
sisting of integrating power electronic converter, electrical drive,
and the information part covering control system with implemented
control algorithm. Let’s show several typical examples.

4.1 System Mechanics

A large part in the curricula of courses on mechatronics is
devoted to explanation of mechanic of more complex systems that

6.8 TWO-MOTOR DRIVE WITH ELASTIC STRIP COUPLING
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in our case are presented by the multi-motor drives. Their behav-
iour depends on the mutual mechanical coupling properties, in our
case on the form and mechanical properties of the processed mate-
rial. The screen in Fig. 3a shows a simple simulation of a two-
motor drive where the student can adjust elasticity and damping of
the strip material and to observe their influence to oscillations of
the tension in the strip. The parameters are set continuously, by
a slider. The students do not learn the properties of the system
only from simulation but they have a chance to verify the simu-
lated results on the laboratory model of a technological line (Fig.
3b) that of a coiler and uncoiler, and three driven cylinders trans-
porting the strip. Altogether five drives are mechanically coupled
through the strip. In the laboratory model, the tension in the strip
in each loop is measured by a position of a simple swinging arm
whose force can be separately adjusted. On the right side of the
figure a multiprocessor control system is shown.

Fig. 3a shows the full screen with the menu where the buttons
enable to control the screen flow and other supported functions
(e.g. to get the Contents, Symbols, Index, Help and more informa-
tion). In order to show the screens in the following figures simpler,
the menu is further omitted. The number in the left upper corner
of the screens assigns the chapter number of the developed multi-
media e-learning module.

4.2 Power Electronics

Power electronic converters are the main actuators of electri-
cal motors in the drive system. When studying a certain power
electronic circuit, the first question of the student is always for the
different current paths in dependency of the switching states and
certain impressed currents and voltages. With traditional teaching
a current paths are drawn using different colours into some figures
of the power circuit, or the teacher presents slide-shows in the class-
room. Here the approach of interactive animations is used.

To illustrate the ideas mentioned above an example is shown
here. The square wave generation principle shown in Fig. 4 pre-

Fig. 3 A multi-motor drive with mechanical coupling through the strip of the processed material as an example of an industrial mechatronic system:
a) block diagram with time response of the strip tension, b) laboratory model
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2.3.3 Chain Converter
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Fig. 4 A single-phase structure of an m-level cascade inverter

sents a basic switching strategy used for high power converters.
The continuously running animation was replaced by a static one
where the cursor (orange vertical line in the time diagram) can be
shifted in time. This solution gives a possibility to explain circuit
behaviour given by switching states of the power semiconductor
devices in the required time instant. The chain circuit represents
a straightforward approach to the realisation of a multi-level con-
verter for use in high power applications without the need for mag-
netic combining circuitry and complex transformer arrangement.
The main advantage of this approach is the well-defined operating
environment for each three-level pole within a substantially iso-
lated H-bridge circuit.

4.3 Electrical Drives

In an open-loop drive system, consisting of a power electronic
converter and motor, the students learn properties of the drive from
time courses of the system typical variables (voltages, currents,
magnetic fluxes, motor torque and shaft speed) in the dynamic and
steady-state states.

A typical example from the field of AC electrical drives sup-
plied by a voltage-source inverter (VSI) in Fig. 5 shows time courses

8.9.5 Starting and Loading of Motor (Very Low Frequencies)

a)
Fig. 5 AC drive with VSI: animation of drive behaviour in area of low (a) and higher (b) frequencies
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of the drive typical variables - the phase voltage of the motor, the
stator current, the electrical torque and the speed.

The student can set up the frequency of the inverter switching
and thus study influence of the six-pulse converter switching on
the motor behaviour, separately at low frequencies where the
oscillation of the speed occurs and at higher frequencies. The fre-
quency is set by the orange colour slider. The built-in switch enables
to demonstrate frequency starting and direct connection of the
induction motor to the pre-set frequency. More advanced topics
deal with eliminating the torque and speed oscillations by intro-
ducing other switching algorithms (different PWM techniques) for
the inverter.

4.4 Motion Control

Here, the students learn various motor control structures and
a design of motor controllers from the point of view of ensuring
performance criteria. The most important is to explain the system
behaviour, to show the procedure for controller parameters calcu-
lation and to show the time courses of the inner and output drive
variables.

To eliminate sensors, the control structures of modern drives
involve also observers of inaccessible system variables. Fig. 6
shows an example of a linear state and disturbance observer [10].
Their time courses of observed state variables and disturbance are
shown after opening the block of the scope as shown in the Fig.
6b.

Necessary calculations for the observer gains would disturb
the attention of the students at explanation of performance the
observer. This is the reason why they were put in the secondary
screen which is opened after clicking on the “Example” button.
The observer parameters are calculated based on the system eigen-
values and observer chosen eigenvalues (i.e. on the desired char-
acteristic polynomial). Based on the procedure, the student can
calculate observer parameters for own system.

8.9.5 Starting and Loading of Motor (Higher Frequencies)
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Fig. 6 a) Block diagram of a DC drive with state and disturbance observer and b) time responses of the actual
and observed speed and disturbance (load torque)

5. Conclusions

The paper gives an overview of needs and skills required by
the engineers working in the mechatronic system environment.
After a brief presentation of the background of the curricula in
mechatronics the paper shows philosophy of the web based inter-
active modules supporting the courses. They were developed not
only in order to make education easier but also with the aim to
attract the students to follow the accredited courses on mecha-

The e-learning approach helps to understand coherences in
complex mechatronic systems but it presents a part of education
only. The training is also supported by a laboratory equipment
where the students get practical experience.

The animations in the modules were realised in Macromedia
Director environment and finally implemented in the html using
Macromedia Dreamweaver. The Macromedia software can
develop interactive graphical user interfaces that are easy to use.

tronics. On several screens there are some typical results from
realised e-learning modules presented, enhancing the used philos-
ophy and ways of visualisation.
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