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Abstract— Updating the laboratories of electrical 

engineering department, as well as training technicians in 

order to keeping a periodic maintenance for these labs and 

prolong the lifespan of their equipments, cost the university a 

fortune and that it is not possible nowadays due to the unstable 

situation of the country. Most of these labs are so old and do 

not correspond to the rapid development in electrical systems 

disciplinary. In addition to that they contain a lot of non-

operational equipments, devices, parts, and measurement 

units. For these reasons, modeling and simulation tools for 

electrical systems have emerged to enable users build up, 

observing, analyzing, modifying and designing various 

operational systems without the actual need to order 

components and assembling. In this context, the paper presents 

a simulations package for educational and training purposes. 

The simulations package deals with power electronics 

converters and their applications. The first version of 

developed tool is oriented towards electrical and electronic 

engineering students at the undergraduate level and serves 

covering the practical part of power electronics courses. The 

proposed simulations package is based on libraries of 

Matlab/Simulink software. The methodology is demonstrated 

by realizing simulation examples of converter circuits. 

Keywords— AC/DC converter, DC/DC converter, power 

electronics, Matlab/Simulink, teaching & training tools 

I. INTRODUCTION 

Nowadays, an energy revolution becomes more evident 
and of important appearance. The assumed key role, as 
multidisciplinary field, is the devices of power electronics 
and their circuits [1][2]. 

Industry is in high demand for qualifications and know-
how of electronics specialists, engineers, and technicians that 
create plans, handle, connect and parameterize power 
electronics systems and equipment. In addition, they must be 
familiar with contemporary efficient tools and capable of 
using them too. As a result, training for both practical and 
project oriented is expected, covering the industry needs. 
Modeling and simulations using computer tools help 
understanding complicated configurations, saving devices 
and equipment, and making training simple [3]. Under 
variable loads and/or changing parameters, the system can 
react in many different ways, but with the help of advanced 
tools, the analysis becomes easier. Various basic and 
advanced tools are already being used in educational 
processes around the world [4], to support and provide 
instructor with powerful and effective manner for 
information delivery, so its productivity will be improved. 

These tools are independent of time and location, have 
simple and familiar interface, offer high quality learning 
environment, and are normally much cheaper compared to 
building up an actual converters which might be time-
consuming and expensive [5][6]. There are some of 
programming software existing in the literature and designed 
to modeling and simulating power electronics systems for 
teaching and research purposes. Here, we can cited some of 
them like, PSIM [7], PSCAD/EMTDC [8], PSPICE [9], 
SABER [10], SIMPLORER [11], and Matlab/Simulink 
[12][13][14]. A comparison between them is given in 
TABLE I. The Table shows that Matlab/Simulink has very 
high specifications integrating numerical analysis, matrix 
computation, signal processing, building blocks, and 
graphics in an user friendly environment. These merits  
prompted to select it as an environment for developing the 
Simulations Package for Power Electronics Training 
(SPPET) proposed in this paper. As a real contribution, 
SPPET currently covers the practical parts of power 
electronics1 course. 

The following section presents the concept of proposed 
tool. Section III discusses two demonstration examples 
classified under the AC/DC converters category. Other two 
demonstration examples for DC/DC converters category will 
be illustrated in section IV. In section V the current status of 
SPPET will be done. Finally, the conclusions will be given in 
section VI. 

II. CONCEPT OF SPPET 

Initially, the idea was to accomplish several simulations 
as practical part covering the laboratory aspect of power 
electronics courses, which taught at the Department of 
Electrical and Electronic Engineering (DEEE) of Omar Al-
Mukhtar University (OMU). The idea then evolved into a 
complete package of simulations including most power 
electronics circuits as a primary stage. An advanced stage of 
this idea will be the applications of these converters in 
electrical power systems such as electrical traction, hybrid 
electric vehicles, electrical sources management, connecting 
renewable energy sources to the electrical grid, microgrid, 
HVDC, ... etc.  

The tool is based on the libraries of the most popular 
software in matrix computations domain, the so called 
Matlab/Simulink. So, to benefit from the services of SPPET, 
it is necessary to acquire this software. 
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Fig. 1 shows the SPPET algorithm. It is clear that the 
SPPET offers to users three possibilities. The first is to open 
existing demo, then run the simulation followed by plotting 

the results. The second option is to modify an existing demo 
by acting on their parameters or rearrangement their 
components. Since, there are  a large number of power 

TABLE I.   EXISTING POWER ELECTRONICS SOFTWARE 

 PSIM PSCAD PSPICE SABER SIMPLORER Matlab/Simulink 

Graphic interface simple simple simple simple simple  very simple 

Visual options high medium medium lower medium excellent 

Model development time long long long long long smaller 

Simulation time long long long long long moderate 

Accuracy high high high high high higher 

Availability medium low medium low low high 

Popularity popular less popular popular less popular less popular more popular 

 
electronics circuits, the third option comes to give the users 
the ability to build up new configurations. All options 
employ Simulink libraries to construct the Studied converter 
circuit.  

The homepage of SPPET tool is illustrated in the Fig. 2. 
It constructed as Simulink file and basically contains some 
information about the abbreviation of SPPET, location, and 
coordinates. 

 

 

Fig. 1. SPPET algorithm. 

 

 
Fig. 2. SPPET homepage. 

 
 

 

Double click on LUNCH bottom, a new window will be 
appear asking the user to select one category from main four 
categories as shown in Fig.3. At this stage of project, users 
have only the possibility of navigation through two 
categories of power electronics circuits, the AC to DC 
converters and DC to DC converters. Fig.4 and Fig.5 present 
samples of subdivisions that are realized by SPPET tool for 
the two categories mentioned previously. 

Each demo in this proposed simulations package has 
three icons as illustrated in Fig.6, Fig.9, Fig.12., and Fig.15. 
The first is called "Demo Info" and gives access to Simulink 
file that contains details about the circuit, equations, 
constraints, and calculations of power. The second icon is 
called "Initialization" and enables users the adjustment of 
initial conditions and elements values for studied demo, via a 
Matlab file. Exploitation the results becomes available after 
running simulation and then clicking on the third icon 
recalling a Matlab file that contains a code to plot and 
display the important variables and signals. This last icon is 
called "Plot Results". 

 

 
Fig. 3. Starting of SPPET. 
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Fig. 4. DC/DC subdivisions. 

 
Fig. 5. AC/DC subdivisions. 

 

III. AC TO DC CONVERTERS 

In this section, two demo examples of the AC/DC 
converters category will be exposed in order to highlight the 
capabilities of SPPET tool. The first demo example 
represents one converter circuit  of many power electronics 
circuits situated under the uncontrolled rectifier types. It is 
the three phase half-wave uncontrolled rectifier with resistive 
load. While the second demo example represents one 
converter circuit related to the controlled rectifier types. It is 
the single phase full-wave controlled rectifier with RLE-
load. 

A. Three-Phase Uncontrolled Rectifier 

Three phase half-wave uncontrolled rectifier circuit is 
shown in Fig.6. It can be considered as three single phase 
combined together. A diode with a highest positive voltage 
will begin to conduct at the cross-over points of the three 
phase supply. Unlike the single phase rectifier circuit, the 
conduction angle of each diode is (2π/3) instead of (π). The 
voltage across the load follows the positive supply voltage 
envelope and has the waveform as shown in Fig.7. The 
conduction of diodes in proper sequence is shown in Fig.8. 
When a diode is conducting, the common cathode terminal 
rises to the highest positive voltage of that phase and the 
other two blocking diodes are reverse biased [1][15]. 

B. Single-Phase Full-Wave Controlled Rectifier with RLE-

Load 

A DC motor drive circuit and a battery charger are an 
industrial load which may be modeled as a series resistance, 
inductance and a DC voltage source. The two modes of 
operations, for the single phase full-wave controlled rectifier 
circuit illustrated in Fig.9, are the continuous-current mode 
(CCM) and the discontinuous-current mode (DCM) [16]. In 
the CCM, the load current is always positive for steady state 
operation. Discontinuous load current is characterized by 
current returning to zero during every period as shown in 
Fig.10. The Silicon Controlled Rectifiers (SCRs) may be 
turned on at any time that they are forward biased with an 
firing angle determined based on relationship between the 
peak value of the input source voltage and DC voltage of 
load. Fig.11 illustrates the waveforms of thyristors pulses 
and the voltages of input source, DC source and the load. 

 

Fig. 6. 3-Φ half-wave uncontrolled rectifier. 

 
Fig. 7. Supply and load voltages. 

 
Fig. 8. Diodes and load currents. 
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Fig. 9. 1-Φ FWCR with RLE-load. 

 
Fig. 10. Source and load currents. 

 
Fig. 11. Input AC & DC voltages, Gate pulses & load voltage. 

IV. DC TO DC CONVERTERS 

This section is dedicated to present two demo examples 
of the DC/DC category. The first is classified into the non-
isolated type and known as boost DC converter. While the 
second demo is located in the isolated type, the so called 
flyback DC converter. 

A. Boost DC Converter 

The circuit of step-up chopper or the boost DC converter 
is given in Fig.12. The circuit operates in two modes [17]. 
The first begins when transistor is turned On, so the diode 
will be reverse biased. The input current rises and flows 
through the inductor and transistor. The second mode begins 
when transistor is switched Off, here the potential of anode 
will be greater than that of cathode, so diode will conducting. 
The current which was following through the transistor 
would now flow through L, C, R, and diode. For continuous 
load current, the waveforms of inductor voltage and current, 

and the currents of diode and capacitor are respectively 
illustrated in Fig.13. and Fig.14. 

B. Flyback DC Converter 

The circuit of flyback DC converter is implemented in 
Simulink as shown in Fig.15. An efficient way to provide 
electrical isolation between input and output is the use of 
high frequency transformer, so its size would be small. In 
addition, the design flexibility is increased by acting on the 
transformer turns ratio which appears in the overall 
relationship between the input and output of converter [16].  

The basic of the flyback converter is similar to that of the 
back-boost DC converter. When switch is turned On, the 
source current gradually increased and flows through the 
magnetizing inductance, so it will energized. During this 
period, the diode is blocked. Then, this energy is transferred 
to the load through the transformer and the diode that 
becomes forward biased when switch is turned Off. This 
energy transfer process is clearly seen by observing the 
switching sequence. Fig.16 shows the variation of source, 
and diode, currents versus time. 

 

 
Fig. 12. Circuit of boost DC converter. 

 
Fig. 13. Inductor voltage and current. 

 
Fig. 14. Diode and capacitor currents. 
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Fig. 15. Circuit of flyback converter. 

 
Fig. 16. Circuit currents. 

 

V. CURRENT VERSION OF SPPET 

In the first version of SPPET project presented in this 
paper, the current status of realized power electronics circuits 
simulations is illustrated in TABLE II. Also, converter 
circuits for the other two categories (i.e. DC/AC and 
AC/AC) at the stage of development and will included into 
the next version of SPPET. In addition, some of power 
electronics applications, specially related to electric vehicle 
and renewable energy, are in the phase of integration into 
SPPET tool. 

TABLE II.  REALIZED SIMULATIONS BY SPPET 

Category Type 
N° of Simulated 

Circuits 

AC to DC 

Converters 

Uncontrolled 27 

Controlled 21 

DC to DC  

Converters 

Non-Isolated 11 

Isolated 5 

DC to AC 
Under development stage 

AC to AC 

 

 

VI. CONCLUSION 

The work presented in this paper comes as a first step 
towards the conception of a power electronics circuits  tool 
called SPPET. It groups a large number of converter circuits 
in one package. That will be helpful for education and 
training the students of DEEE in order to understand the 
behavior of these converters. Also, it offers to instructor an 

assessment, so its productivity will improved.  As a 
limitation, the integration of large and complicated systems 
into SPPET may suffering of difficulties and decelerates the 
simulation. 
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