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Abstract

Learning Power Electronics is essential in both electrical and electronic engineering fields and the introductory courses are similar
in many universities. Taking this premise into account, an educational computer-aided platform for power electronics will be
presented in this paper. This educational platform includes an e-book, a set of power electronics animations, Java simulations, as
well as several hands-on training sessions. The main advantages of this platform are twofold. First, all necessary teaching tools are
combined on a single platform. And secondly, access to this platform is available free of charge and with no complicated registration
requirements. In addition to traditional teaching techniques, the use of this platform has demonstrated an increase in student
participation and has consistently improved their academic performance. Data consist of surveys, which guarantee both reliability

and validity through psychometric techniques.
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I.  INTRODUCTION

Power electronics is a discipline that encompasses a wide
range of real-life applications in industrial, commercial and
residential environments [1]. Therefore, the learning of this
discipline in electronic engineering is essential. In this sense,
an increased interest in providing power electronics subjects
both at the senior undergraduate and graduate levels in various
universities and institutions has been awakened [2].

Additionally, in the last decades, power electronics has gone
through intense development in many aspects of technology,
including power devices, control methods, circuit design,
computer-aided analysis, etc [3]-[5]. This development has
brought about an increase of the content to be taught in power
electronics. In this context, Mohan and his colleagues at the
University of Minnesota have reorganized the traditional power
electronics courses so that students, in a first course, learn the
basic principles of operation of power electronics converters,
devices control and utility applications [6]. In subsequent
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courses, areas such as digital signal processing applications,
programmable logic and digital control should be covered [7].

In fact, most curricula in formal university engineering
education only consider a first general course or subject in
power electronics, and leave aspects such as research and
development oriented to real industrial applications for more
advanced or even postgraduate courses.

In this sense, the content of this introductory course relative
to power electronics is similar in many universities, and covers
the different converter topologies, their control and some
design aspects and applications. Therefore, books and tools
used for teaching can be employed as support material
independently of the university. This is the case, for example,
the power electronics books written by Mohan et al. [8], Rashid
[9], Kassakian [10], Hart [11], Bose [12], etc., that are
extensively used as text books at universities throughout the
world.

In this framework, the authors have developed an
educational computer-aided platform for power electronics that
can be used as on-line teaching tool both for any first year
course and for any general purpose course in power electronics.

The platform takes advantages of the potential of Internet
and multimedia tools for educational purposes, such as
interactivity, dynamism, accessibility any place or any time.
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The benefits of this computer-aided on-line platform for
power electronics are:
¢ It combines, in a single platform, all tools needed for a

power electronics course: a complete e-book, power
electronics animations, Java simulations and power
electronics laboratory tutorial. This is significant due to the
infinite number of on-line resources and information related
to power electronics on the Web that could confuse and
overwhelm students.

e It is an open access platform, that is, it is freely available on
Internet, and it can be used by any student or teacher without
charge, registration or password.

o It allows students to interact with the tool and organize their
learning process.

e It is very useful for any student of this discipline as it covers
all the basic aspects of power electronics, with an extensive
content.

Conversely, as a drawback, it is worth mentioning that an
excessive employment of e-learning methods, based on new
informatics technologies could imply a lack of reasoning
process. Consequently, b-learning methods, instead of pure
e-learning, have been employed in the methodology described
in this paper. Therefore, this paper describes this educational
computer-aided platform for teaching power electronics, as
well as its applications, in an initial course of this subject. In
particular, this platform has been conceived as an aid in
learning for undergraduate students. As case of study, the
“Power Electronics System” subject, belongs to the ETS
Ingenieria Industrial of the University of Malaga, has been
considered.

This paper is structured as follows. Section Il presents the
necessity of new tools for power electronics teaching.
Subsequently, section 11l describes in detail the developed
computer-aided platform for power electronics. Later, section
IV focuses on how the integration of this tool, as aid and
support for traditional learning techniques, has contributed to
improve the student grades in power electronics subject.
Finally, section V summarizes the main conclusions of this
project.

II.  NECESSITY OF NEW TOOLS FOR TEACHING
POWER ELECTRONICS

The main goal of a first year course in power electronics is
to learn the basic principles of operation of power electronics
converters and control devices, as well as to provide the
students a brief introduction to the main power electronics
applications. One of the major difficulties in power electronics
lies with the nonlinearity and mathematical complexity of
power electronics circuits, which greatly complicates its
theoretical analysis. Therefore, it is necessary to use
appropriate teaching techniques to improve students’
understanding of these challenging concepts.

Steps followed for
teaching power electronics  Traditionaltechniques  + Tools added

* Blacboard .
Y * Interactive e-book
Introductory » Transparencies . . o i
locturas  Slides nte:acllwe animations of power
electronics converters
s::_";‘iems;nd + Blackboard * Interactive Java tool for animation
simulations of + Comercial package and simulation of power electronics
power electranics simulations converters, and calculation of the
CONVerters main control parameters
Laboratory + Workstation of power . .
experiments electronics » 2 * Interactive e-practice book

Fig. 1. Step and techniques for power electronics teaching.

The traditional method for teaching power electronics
focuses on lectures, using resources such as text books,
blackboard or slides. This methodology has the advantage of
allowing the teacher to present the contents to a wide audience.
However, it presents several drawbacks in the case of power
electronics, such as: how to show the intervals in which each
device is in the on/off state; how to illustrate the dynamic
behavior of the system; and finally, how to demonstrate the
complex waveforms of the currents for each interval [13]-[15].
Moreover, these kinds of resources are static, involving
minimal interaction and thus they cannot exemplify the effects
of changing the load and control parameters over the
waveforms.

Thus, circuit simulation packages, such as PSpice, PSIM,
MATLAB/SIMULINK, have become an essential tool in any
power electronics course. The main reason is that these
simulation packages are strongly recommended for
complementary and advanced circuit analysis since they
provide complex models with almost realistic behavior [16]. In
addition, the hands-on training laboratory exercises improve
students’ skills knowledge [17], help students to assimilate the
theoretical concepts as well as to facilitate a first contact with
the instrumentation and equipment that in the professional
future the students will work with [18].

In brief, for teaching a first course of power electronics, the
steps followed and the tools traditionally employed are (Fig. 1):
(@) introductory lectures: blackboard, slides and transparencies;
(b) solving proposed problems: blackboard and simulations of
the power electronics converters using commercial package
simulations and, finally, (c) implementation of the studied
converter, in a hardware laboratory, and comparison of the
results obtained from the simulated ideal circuits with the real
experiments.

These techniques and tools have been the ones used by
authors until the academic year 2006-2007. However, students
had still serious difficulties in understanding the subject,
specifically in the analysis of switched power converters.

Therefore, it was necessary to develop other tools in
conjunction with traditional techniques for power electronics
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teaching. With this combination, students can perform a
comprehensive analysis of electrical circuits, as well as design
and model power electronics circuits [19]- [22].

These new tools, based on multimedia and information
technologies, are integrated as a single platform in a website,
freely available on Internet. These tools are more useful for
both students and instructors. In fact, teaching is more efficient
because these tools allow numerous circuit states to be
represented clarifying the dynamic behavior which is so
difficult to illustrate with static slides.

Thus, the tools developed for each of the steps followed for
teaching a first power electronics course are (Fig. 1):

1) Introductory lectures: interactive e-book version of the text
book written by authors [23] that includes the study of
power semiconductors, the different power electronics
converter topologies as well as the main industrial
applications and home power electronics applications.
This e-book has been completed with interactive
animations in Adobe Flash to study, in each period, the
analytically control parameter values and graphical
waveforms [24], [25]. Both online tools complement the
traditional ~ presentation  techniques:  blackboard,
transparencies and slides.

2) Solving proposed problems and simulations of power

electronics converters: profitable interactive web-based
tool employing a free authoring tool written in Java,
called EasyJava [26]. This tool generates an interactive
visualization of simulation of a power electronics
converter in the steady state in real time, with the
parameters introduced by the student. The results shown
during the simulation are the waveforms of output
voltages and currents, the animation of the state of
switches and the current circulation in each period and,
finally, the calculation of some important control values
such as commutation interval, main load voltage, etc.
Therefore, this tool allows the students to solve the
problems proposed and to check the results by
themselves.

3) Laboratory experiments are performed in the workstations
of power electronics that include basic laboratory

equipment as well as a training station of power electronics.

The instructions to implement the experiments and
laboratory sessions are included in the interactive
e-practice-book, a multimedia web tool created by authors
free available on Internet [27].
The following section explains the developed educational

platform for power electronics teaching. The educational
platform includes the four basic power electronics converters
(ac-ac, dc-ac, dc-dc and ac-dc), as well as an introduction of
semiconductors and power electronics applications. In this
paper, the explanation of the platform is focused on the ac-dc
three-phase controlled converters, in the configurations of
half bridge and full bridge, as they are the most challenging
for students to understand. Nevertheless, in order to show the
potential of the platform, additional figures corresponding to
other topologies, such as dc-dc, will be added.

Youare in: Comverfers > acde three-phase controlled

2.3 Ac-dc three-phase controlled converters
Ve Vi Ve Vie Via Ves

Fig. 2. Power electronics e-book.

I1l. INTERACTIVE MULTIMEDIA TOOLS

A. E-book

The objective of the power electronics e-book is to provide a
free online textbook that allows students to find the topic to
study readily. The e-book has been developed in a Windows
environment using Joomla! [28], an open source application
built on PHP (Hypertext Pre-Processor) under GNU (General
Public License). The e-book is hosted on the server of the
University of Malaga and its access is free through the url:
www.uma.es/investigadores/grupos/ electronica_potencia.

There are other many sites that provide complete books or
selected chapters freely available on Internet to any interested
user in power electronics. Such is the case of the Indian
Institute of Technology Kharagpur [29], which offers a
complete book of power electronics divided into different
modules and each module in lessons. Each lesson consists of a
PDF file that users can download freely. Another important
initiative has been elaborated by the Massachusetts Institute of
Technology (MIT) that created the OCW-MIT (Open Ware
Course) in April 2001, where free educational materials are
offered by teachers, as a study aid [30]. This initiative has
spread to other universities. Thus, Carlos Il University of
Madrid (Spain) has a power electronics course developed in
OCW. However, OCW consists of an index that links to files
(videos, PDF, audio) or other external websites [31]. But both
examples mentioned have static contents, consisting of a
repository of files related to lessons, problems, slides, etc. The
user cannot navigate through the book, and it has no interactive
elements.

Thus, in the e-book implemented, at the top of the home
page, a set of pull-down menus let students navigate easily
through the main topics (Fig. 2). The content of the e-book is
organized into four sections:

1) Introduction: an overview of power electronics.

2) Power semiconductors: diodes, BJT transistors, MOSFET
transistors, thyristors, IGBTs, IGCTs, GTOs and triacs.

3) Power electronics converters:

a) ac-dc uncontrolled rectifiers: single-phase and
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three-phase.

b) ac-dc phase-controlled converters: single-phase and
three-phase.

c¢) de-dc converters: buck, boost, buck/boost, Cuk and
dc-dc full-bridge converter.

d) dc-ac converters: single-phase and three-phase.

e)ac-ac converters; ac voltage controllers and
cycloconverters.

4) Power electronics applications: dc power switched,

uninterruptible power supplies and applications of power
electronics systems.
The e-book also has the option to print each section of a
lesson, save it in PDF format or send the content by email.

B. Power Electronics Animations

This tool is the complement to the power electronics e-book.
In this tool, the performance principles of power electronics
converters are explained and illustrated by means of videos and
animations. These videos are implemented using Adobe Flash
multimedia software [32], software designed for creating Web
animations.

The videos are freely available at the following link:
www.uma.es/investigadores/grupos/electronica_potencia/docu
ments/tutoriales/web_convertidores_nuevo2/index.htm

By using the animations, students can analyze, step by step,
the behavior of the selected power electronics converter. The
displaying of this analysis is performed in two ways:
analytically, showing the control parameter values; and
graphically, through the waveforms.

A total of 24 videos, for the different topologies of switched
power converters, have been implemented. Fig. 3 shows the
ac-dc three-phase converter in full-bridge configuration with
RLV4 load operating in continuous mode and Fig. 4 shows a
dc-dc boost or step-up converter.

Every video contains the following sections:

1) The heading, with the next information: the name of the
power electronics converter, the control parameters and the
analytical result of the converter in each state.

2) The electronic circuit animation of the power electronics
converter.

3) A graphic screen where the resulting waveforms are
displayed: input voltage and output voltage.

4) A control panel to regulate the animation: forward
continuous mode, reverse continuous mode, forward step
by step, reverse step by step, stop, go to the animation
beginning and go to the animation end.

C. Simulation on Java

This tool allows the students to reproduce the animation and,
for the exercises proposed, to obtain analytical results and
waveforms which can be compared with their solutions. To
run this tool, students only need an Internet connection and the
Java virtual machine. The tool is freely available at the link:
www.uma.es/investigadores/grupos/electronica_potencia/doc
uments/tutoriales/easyjava/index.htm

AC-DC THREE-PHASE CONVERTER IN FULL-BRIDGE CONFIGURATION WITH RLVp LOAD
a=15" OPERATION MODE: CONTINUOUS

va > ve, vb
ve<va,vb

=j> TiyT2 ON (T6OFF), vo=vac, Vaxi=0

® ® 6 @ ®»
Fig. 3. Ac-dc three-phase converter in full-bridge configuration
with RLV 4 load animation.

DC-DC BOOST (STEP-UP) CONVERTER OPERATION MODE: CONTINUOUS

TOFF y DON® VL=Vd-Vo
<VL>=0 & Area+=Area-

® 0 @m

Fig. 4. Dc-dc step-up (boost) converter animation.

Despite the wide range of specific software focusing on the
simulation of power electronics converters, such as PSIM [33],
SABER [34], and others that can be applied to power
electronics as MATLAB/SIMULINK [35] or PSpice [36], the
authors have chosen to create a new specific tool for several
reasons:

1) Circuit simulation packages require software installation
tool; consequently, learning how to use the simulation tool
before starting to study the desired topic is necessary.
Furthermore, if the students do not know the key concepts
of the circuit under analysis, students encounter difficulties
designing and simulating the circuits with a professional
simulator.

2) Circuit simulation package provide the graphical results of
the simulation, but not the analytical results. So that,
although the students can test the waveforms of their
solution, it is not possible to get the numerical value of
the required parameters such as firing angle o or
commutation angle u.

For ac-dc three-phase controlled converters, Fig. 5 shows the
main frame corresponding to the half-bridge topology and Fig.
6 displays the main frame for the full-bridge topology.

As it can be observed, both windows contain the electronic
circuit schematic and, at the top, four tabs with the legends of
the input parameters, load, waveforms and calculations.
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AC-DC THREE PHASE CONTROLLED CONVERTER HALF-BRIDGE
CONFIGURATION

o
Fig. 5. Main frame of the Java tool, corresponding to the ac-dc
three phase controlled converter half-bridge topology.
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N
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CONFIGURATION
NN
Fig. 6. Main frame of the Java tool, corresponding to the ac-dc
three phase controlled converter full-bridge topology.

The first two tabs are active, that is, the student can
introduce values to perform the desired analysis. As input
parameters, students can set the rms value of the power supply,
frequency, firing angle and commutation inductance. This is an
inductance, called L, in serial with the three-phase input
voltage that avoids thyristors turn on and turn off
instantaneously. As load, it can be chosen any combination of
R, L and V4 (emf, electromotive force), as well as their
corresponding values.

The last two tabs are inactive. In the tab named “graphic
representation”, students select the waveforms to be shown
simultaneously. These can correspond to output voltage, output
current, drop voltage in the thyristors, and phase current, as it is
shown at Fig. 7 for half-bridge topology and Fig. 8 for
full-bridge topology. Finally, the tab *“calculations” provides
the results of the analytical operation. So, in case of ac-dc
three-phase controlled, information provided is: the operation
mode and the commutation angle u.

X102 Input and output voltage

T T T T T T T T = T e T

VS

70 75 80 B85 80 85 100 105 11,0 11,56 120 125 130
wi

%102 Drop voltage in the thyristor1

70 75 80 85 80 895 JRU,U 105 110 115 120 125 130

Fig. 7. Waveforms of the simulation of an ac-dc three-phase
controlled converter half-bridge topology.
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Fig. 8. Waveforms of the simulation of an ac-dc three-phase
controlled converter full-bridge topology.

When students run the application, firstly they choose the
power electronics converter to analyze. After fixing the input
parameters indicated in the exercise, students select the
waveforms to display and click the play button. Then, the
circuit animation starts to work. While this animation is
running, the selected waveforms are updated continuously.

So, students can observe and study the relation between the
state of the circuit operation and its waveform at each instant.
Animation ends at four periods. After that, by clicking the tab
“calculations”, students can check if their results calculated
match with the ones provided by the simulation.

Similar results could be obtained with the rest of topologies
implemented, such as dc-dc step-down or buck converter (Fig.
9 and Fig. 10).
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Fig. 9. Main frame of the Java tool, corresponding to the dc-dc
step-down (buck) topology.
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Fig. 10. Waveforms of the simulation of dc-dc step-down (buck)

topology.

Other tools for simulation of power electronics converters in
Java can be found in the web, such us Interactive Power
Electronics Seminar (iPES) of the Zurich University [37],
available in wwuw.ipes.eth.ch. This tool has the inconvenience
that the software employed, Gecko Circuits Research [38],
requires the payment of a license. The University of Sao Paulo
has developed an interesting power electronics tool in Java
which integrates PSpice [39]. This tool is available in:
www.dee.feis.unesp.br/docentes/flavio/lepjava/index.php.

However, while the possibilities of this software are similar
to the tool presented in this paper, the Sao Paulo software does
not include the commutation inductance effect in the ac-dc
converters.

Another interactive Power Electronics online text can be
found in http://services.eng.uts.edu.au/~venkat/pe_html
/peintro.htm. The web provides MATLAB, C, PSpice and Java
source files, however, it does not support the configuration of
converters nor does it provide animations or numerical data.
Additionally, it only includes several ac-dc converters.

LINKS
Main

Theory

VirtualCampus

University of
Mélaga

Contact

Credits

Fig. 11. E-practice book.

Therefore, the proposed platform offers more resources to
directly observe problem resolution for better instruction.

D. Laboratory
Once students have studied, simulated, performed and

validated the set of proposed exercises, they are able to

implement these power electronics converters in the laboratory.

It is essential that students carry out hardware-based
laboratory experiments. In fact, the practice of replacing
hardware training by simulation tools is being adopted by
many universities. Unfortunately, this is insufficient for proper
instruction. Students need to manipulate real hardware
—designing, implementing and testing hardware systems— in
order to acquire the skills necessary for the real world.

The power electronics laboratory in the University of
Malaga has five workstations. Each workstation includes the
following instruments: digital oscilloscope, function generator,
dc-ac power supply, three-phase connection, digital multimeter,
differential voltage probe, clamp and power electronics training
based on modules.

The power electronics training based on modules is a
didactic commercial equipment composed of different
interconnected elements, that allows the configuration of the
different topologies of power electronics converters. Its
philosophy is similar to that developed at the University of
Minnesota [40].

The didactic equipment employed in the laboratory contains:

o A phase transformer 220/280-22/30 V ac.

e A pulse generator module.

o A module with power thyristors, to configure single-phase
rectifiers and three-phase half-bridge and full-bridge
topologies.

o Several loads: resistors, inductances, dc sources.

In order to provide a guide to aid in the proposed training
sessions, an e-practice-book has been created. This
e-practice-book has been developed in a Windows environment
using Joomla! [28]. The e-practice-book is available in the link:
www.uma.es/investigadores/grupos/electronica_potencia/labor
atorio. Students have full access from the home page all the
contents of the e-practice-book. Specifically, the pull-down
menu called “practices” contains the following elements (Fig.
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11):

¢ Objectives and material used in each practice.

e Theoretical analysis, where a clear and simple theory for
the correct understanding of each practice is presented.

o A sample implementation, that includes animations of each
of the assemblies in order to guide to students, step by step,
in each practice performance.

o Self-assessment questionnaires that are sent automatically
to the teacher by email. Also, if it was necessary, students
could even send graphics files with screenshots from the
oscilloscope.

Once the training sessions have been implemented,
students can establish a comparison between experimental
results and simulation results using the tool proposed. As an
example, Fig. 12 draws the results, for an ac-dc three-phase
controlled converter in a half-bridge topology in the
continuous mode and RL load, from oscilloscope and
simulation.

IV. OBTAINED RESULTS

In order to measure the quality and the performance of the
platform explained in this paper, awareness of students’ point
of view is essential. The authors have collected subjective
data through satisfaction surveys and objective data through
mark statistics [41]. The satisfaction surveys have guaranteed
its reliability and validity by means of psychometric
techniques.

As case of study, authors have considered the “Power
Electronics System” subject, a basic power electronics
undergraduate subject belonging to the fourth course of the
E.T.S. Ingenieria Industrial of the University of Malaga.

This subject consists of 60 hours, distributed in 4 hours per
week, over 15 weeks. Over these 60 hours, the authors have
performed the steps explained for power electronics teaching
as well as the combination of traditional techniques and
interactive multimedia tools implemented.

These interactive multimedia tools have been gradually
introduced in the past courses. That is, in 2007/2008 course,
the students used the free online e-book, and the
e-practice-book. Moreover, the power electronics animations
were implemented along 2008/2009 course. And finally, in
the course 2009/2010, and subsequent courses, the students
could work with facilities of the Java Simulations. In Table I,
the mark statics are drawn [42]. It represents three ratios: D/R,

TABLEI

HISTORICAL DATA OF THE POWER ELECTRONICS SYSTEM SUBJECT:
R: REGISTERED, D: DONE, P: PASSED

ACADEMIC R D P %D/R %P/R %P/D
YEAR
2007/2008 17 6 3 85.71% 42.85% 50%

2008/2009 14 1 9 7 64.28% 50% 77%

2009/2010 21 | 20 | 19 95.23% | 90.47% 95%

2010/2011 11 | 10 | 10 90.90% | 90.90% 100%

2011/2012 12 | 12 | 12 100% 100% 100%

MEDIDAS

: : : : : : ] Fuente
Tearraaaaiesan feesstaseimasaeesaas sesseraseiee ]
R W 0 WO R 0 AN W | AN N o

AE . : A \|] EE=E
NESTE RTERE | IURRTE WUTT ' SETRR' e N 113V

M 5.00ms

CHi ooy "¢k’ ctiica 7
RefA 100V 5.00ms RefB 100% 5.00ms
(a)

*10° Input and output voltage

Vs

(b)
Fig. 12. Comparison between: (a) experimental results and (b)
simulation result for an ac-dc three-phase controlled converter in a
half-bridge topology and RL load.

P/R, P/D (D: done, R: registered, P: passed).

It can be observed that due to the increase in the use of
more tools for the comprehension of power electronics, the
ratio P/D has been increased considerably and, in general,
results have been thoroughly satisfactory. It is worthy to note
that each year brought an increase in overall results.

Regarding the satisfaction surveys, students consider the
interactive tools both useful and positive and in particular, the
simulations in Java. These results emerge from the test
performed relative to the methodology and educational
package for the power electronics teaching/learning and from
the interviews with the students. The evaluated items are:

1) Aid in the study of power electronics subject.
2) Facility of concept searching.

3) Interactivity.

4) Improvement of the obtained results.

5) Global score.

The results are shown in Fig. 13. The answers are
numerical, where the values “5” and “1” correspond,
respectively, to maximum and minimum grades.

V. CONCLUSIONS

In this paper, an educational computer-aided platform for
power electronics teaching purpose has been presented. The
results of its application, in conjunction with traditional
teaching techniques, in a first course of power electronics
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Aid in the study of power electronics subject

50

Facility of concept searching

4,50

Interactivity

4,60

Improvement of the obtained results

4,80

Global score

Fig. 13. Evaluation results.
called “Power Electronics System” are shown in Table I.

The main advantages of this platform are:

e It can be employed as a teaching aid in any general course
of power electronics, because the contents are similar in
many universities.

e[t combines in a single platform all tools needed for a
power electronics course: e-book, power electronics
animations, Java simulations and laboratory tutorial.

elt is freely available on Internet and accessible to any
person interested in power electronics.

e It is interactive and increases students’ autonomy.

eThe results in the mark statistics show that the ratio
passed/done has increased considerably.

Future developments include the translation of the
platform into other languages and the creation of
new animations switched power converters.
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