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Abstract -This paper presents interactive power
electronics educational tools. These interactive tools make
use of the benefits of Java language to provide a dynamic
and interactive approach to simulate steady-state
idealized rectifiers (uncontrolled and controlled; single-
phase and three-phase). In addition, this paper discusses
the development and the use of the Java applet programs
to assist the teaching of basics rectifier power electronics
circuits, and to serve as a first design tool for basics
power electronics circuits in the experiments of the
laboratories. In order to validate the developed
interactive simulation applets, the results were
confronted with results obtained from a well-known
simulator package PSPICE.
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I. INTRODUCTION

Education is one of the most important foundations for
supporting the social development in a country. In the last
decades, researchers have been trying the refinement of
concepts/techniques and the development of new tools to
support the improvement of the educational processes [1].

The traditional form of teaching presented in the
classrooms can be complemented with the use of interactive
systems based on computers. These systems can provide a
learning environment with high quality leading to the
improvement of the student's learning quality, and
consequently the educator's productivity [2].

The evolution in the computers associated with the rapid
emergence of the World Wide Web (WWW) and its
associated tools have provided educators with a powerful and
effective  mechanism of information delivery. This
environment can easily incorporate the latest hypermedia
technologies (hypertexts, interactive simulations,
videos/sounds, databases, remote instruments control) to
compose and to manage educational courses, virtual
laboratories and virtual classrooms [3, 4].

The main advantages of educational systems based on
WWW are independence of time and space, a simple and
familiar interface, due to methodology based on web
browser, and conditions for simultaneous attendances [3-5].

Until few years ago, the teaching of power electronics
circuits used to be based on methodologies where concepts
were presented in a static way. However, these approaches
are been supplemented with computer simulations and
oriented object graphic tools, in order to illustrate in a
dynamic and interactive way concepts usually difficult to
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reproduce in traditional classrooms through the explanation
and static tools.

Provide the learning or teaching of a technical subject,
mainly in power electronics area, is often complicated
because there are a large number of possible reactions of a
system in the presence of parameter changes. In this way, the
dynamic system behavior can be explained much easier in
many cases if these dynamics are presented in the interactive
form through an interactive training environment. In
addition, it enables the student to avoid a passive watching
role at learning and pushes him to active participation in the
learning process.

The circuit simulation packages became essential tools in
several engineering courses, and strongly recommended for
complementary and advanced circuit analysis, once they
provide complex models with almost realistic behavior.
Moreover, some of these approaches based on specific
simulation packages require the software installation, and the
student needs to learn first how to use the simulation tool
before starts to study the desired topic. Usually, this task can
become inefficient and confuse if the student is facing up
with your first course using simulation packages [6-8].

On these last years, several researchers are looking for the
development of distributed environment tools to assist the
teaching of basic circuit systems with a high interaction
level, and that can be executed in a easy and straight way.
Thereby, Java is one of the most used platforms for the
development of these tools, due to their intrinsic advantages
[9-10].

In this context, most of the interactive tools are focused on
“what-if” simulations based on moving bars to increase or
decrease parameters of the circuits [10]. In other words, the
circuit situations are performed without the use of real values
for the circuit’s parameters. Thus, the sense for real values is
missed for the students, and it is well known that in this
learning stage they are very important.

On the other hand, it is also important to give to the
students a real world experience provided by laboratory
experiments. The students can enjoy the real experiment and
virtual simulation together if the laboratory experiments are
supplemented with interactive simulations. The real
experiment gives to the students a sense of practical testing,
where they can see some effects (diode reverse recovery,
switching losses, etc) not considered in the idealized models
presented in the virtual simulation. Therefore, students can
perform a relative comparison among lab-experiences and
the theoretical concepts introduced in the classes provided
on-line by the interactive simulations tools. [11]

In this context, this manuscript proposes several improved
interactive Java applets, increasing the resources available
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for the WWW-HTML-based course in basic power
electronics circuits, to be used both in the normal classes
even the laboratory classes. The applets deal with the main
aspects of the basic uncontrolled and controlled rectifiers and
they can be used to calculate important parameters such as
power factor, input current total harmonic distortion, root-
means-square (rms) values, average and peak values and to
provide a script file to be used in the simulator package
PSPICE. [12]

Il. DEVELOPMENT AND ORGANIZATION
OF JAVA APPLETS

The proposed Java applets were developed to assist power
electronics education at undergraduate level in engineering
course. The main goal of proposed Java applets is to produce
an interactive visualization of simulations for idealized
circuit of power electronics in steady state, which are used as
an instructional tool embedded in a WWW-HTML-based
course in the classes and in the laboratories. Therefore, the
results of simulation processes in steady-state may be
visually presented to learner in real time, illustrating
important concepts that are difficult to realize in a traditional
classes and laboratories.

The graphical user interface (GUI) for the simulation
applets were designed with four distinct sectors, as shown in
Fig. 1, with the purpose of allows the student to go through
menu options to change circuit’s parameters, run and view
simulation results in an easy and straight way.

The sectors that can initiate new simulations are
denominated actives, and the others are passives. The passive
sectors provide the feedback information to the student
through waveforms and calculated values.

The sectors 1 and 2 are active; where the student can
specify all circuit parameters and select the desired
component of the circuit to perform the requested simulation

analysis. Essentially, the student can set the load type (R or
R-L) and its magnitudes, amplitude and frequency of the
input voltage, and the fire angle in the case of the controlled
rectifiers.

The sectors 3 and 4 are passive sectors. In the sector 3 are
shown the voltage and current waveforms for the selected
circuit component in the sector 2. The main circuit variables
are online calculated and showed in the sector 4.

Additionally, if inconsistent values are specified by the
students in the simulation options, the simulation applets
perform warnings in the passive sectors informing the type of
errors.

I11. DEVELOPED JAVA APPLETS

Currently, the available interactive circuit simulations
include:

A. Uncontrolled Rectifiers (Idealized Circuits)

e Single-Phase: half-wave diode rectifier, half-wave
diode rectifier with freewheeling diode, full-wave
center-tapped diode rectifier, full-wave full-bridge
diode rectifier;

e Three-phase: three-pulse diode rectifier, six-pulse
full-bridge diode rectifier.

B. Controlled Rectifiers (Idealized Circuits)

e Single-Phase: half-wave thyristor rectifier, full-
wave center-tapped thyristor rectifier, full-wave
full-bridge thyristor rectifier;

e Three-Phase: three-pulse thyristor rectifier, six-
pulse full-bridge thyristor rectifier.

The Figures 2 until 5 show a couple of rectifier’s
simulations performed using the proposed interactive
simulation tools with the intention of tool features
exemplification.
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Fig. 1 — Graphical User Interface designed for the simulation applets.
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One can verify in these educational tools that students are
allowed to vary the circuit’s parameters and examine
instantly the effect of these changes on the main circuit’s
variables. Thus, the output current and voltage waveforms, as
well as another rms, average and peak circuit values, can be
investigated in the simulation applets for different input
parameters, as is shown in Fig. 2.

Moreover, the proposed improved simulation applets
features also include the Fourier analysis option for some
specified circuit variables, animation mode showing the
operational stages and the current flow paths, waveform
zoom tool with cursor option, abacus mode where the
students can select the rectifier operation point through
normalized graphics, and Pspice option where the simulation
script regarding the interactive simulation is provided using
the Pspice standard.

Figure 3 shows an example illustrating the option “move
cursor”, when this option is selected and the red point
regarding the current waveform position dragged and moved
by the mouse, the actual amplitudes of current and voltage
are shown in the bottom of section 3 and the selected current
flow is shown in the picture of the power circuit in the sector
2. The current flow is visualized by moving colored red
arrows and the students can pass through all the topological
stages of analyzed rectifier topology. Other option available
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Fig. 2 - Single-phase half-wave uncontrolled rectifier:
waveforms for the resistive-inductive load.
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Fig. 4 - Three-phase three-pulse controlled rectifier,
harmonic analysis of load voltage example.
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is the “anime mode” that provide the same information
regarding the topological stages but in an automatic way as
an animation.

For the three-phase interactive simulation tools, a Fourier
analysis can be performed using the input current through
one of the voltage sources, or the current and voltage across
the load. In accordance with Fig. 4, the Fourier analysis
results are presented in a table format, where the harmonic
content is depicted through each component order and their
associated amplitudes in peak values, frequency, and the
phases in degrees. Moreover, the power factor (P.F.) and
total harmonic distortion (T.H.D.) for the input current can
be also calculated.

In order to validate the developed simulation models, the
results were confronted with the results obtained from a well-
know simulator package PSPICE, where the rectifiers’
circuits were created employing idealized models for the
semiconductors and simulated using the script file provided
by the java application, as is shown in the example of Fig. 5.

Figure 6 shows the comparison for the results regarding
the Three-phase six-pulse full-bridge controlled rectifier. In
accordance with the difference between the results obtained,
the simulation applet performed an error relatively small, and
it has proved to be reasonably accurate taking in account the
simplicity of the utilized algorithms.
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Fig. 3 - Three-phase six-pulse full-bridge controlled rectifier,
operational stages and cursor example.
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Fig. 5 - Three-phase six-pulse full-bridge controlled
rectifier, Pspice script example.
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(b) Simulation Applet

Fig. 6 - Three-phase six-pulse full-bridge controlled rectifier: Pspice Results versus Java Applet results.

IV. LABORATORY SET-UP EXAMPLE

The experiments are developed using a laboratory set-up
including digital multimeters, digital oscilloscope, didactic
rectifier modules from DEGEM Systems, and a
microcomputer with internet connection, as shown in Fig. 7.

In this context, through experimental analysis of a specific
rectifier structure, the students can compare and analyze the
experimental results and obtained experimental waveforms,
in relation to simulated results obtained from the proposed
Java applets, as shown in Fig. 8. Consequently, students can
develop an accuracy conclusion for the experiments, through
a complete analysis between the idealized simulated circuits
and the real experiments, confirming and proving the
concepts developed in the classes.

Finally, in the example shown in Fig.8 students can note
the thyristor forward voltage drop during the interval when
the thyristor operates in the on state, and thyristor
commutation-angle, that reduces the average value of the
load voltage.

V. CONCLUSIONS
This paper presented JAVA applets for a WWW-HTML-

based course in power electronics also applied in power
electronics labs.
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The information technologies bring us new perspectives
for education, further on the technologies themselves, but
also on the philosophy, and strategies of instruction and
learning, allowing significant changes on many aspects of
undergraduate education. Java applets provide a powerful
and flexible way to deliver interactive content to students. In
particular, the interactive simulations allow anyone to gain
new insight into the behavior of basic rectifiers learning.

In this context, it was observed an important increase in
the student's desire to learn the content of the power
electronics course, when the proposed JAVA tools were
included in the traditional classes, resulting in an important
improvement of apprenticeship, due to the increase of
student's motivation, and the increase in the student's abilities
to comprehend the behavior of several rectifier circuits.

In addition, the use of these proposed tools during the
traditional laboratory experiences provide for the students
conditions to perform an online comparison analysis among
lab-experiences and the theoretical concepts developed in the
classes. The resultant approach is very efficient for education
because the students are actively involved, once it allows an
interactive and attractive learning system.
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Fig. 8 — Comparisons among experimental and simulation results.
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