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Abstract: Active learning approaches, incorporating student engagement through experimentation
and problem solving, effectively foster higher-level thinking abilities and enhance academic perfor-
mance. Interactive tools like simulators align with these methodologies, but commercially available
simulators have limitations; particularly, their high cost and lack of customization features pose
significant challenges for many educational institutions. This article presents CORES, a web-based
educational application designed to simulate controlled rectifier circuits. CORES eliminates the need
for intricate circuit assembly and software installation by providing pre-built circuits so that users
can concentrate on analyzing circuit behavior by manipulating the thyristor firing angle and load
characteristics, while the application generates output voltage and current waveforms under steady-
state conditions, minimizing computation time. CORES has proven to be a valuable pedagogical
tool, surpassing commercial simulators in terms of accessibility, ease of use, and enriched learning
experiences for power electronics students and educators.

Keywords: active learning; educational simulators; power electronics; higher education

1. Introduction

Active learning, an educational strategy introduced by Bonwell and Eison in 1991,
focuses on student engagement and interaction, moving beyond the traditional passive
learning model where students primarily receive information from teachers [1]. This
method, as Prince noted, cultivates an environment centered on students, empowering
them to actively participate in their education instead of passively receiving knowledge [2].
Freeman emphasized that through active participation in course material, students can
then develop their own understanding, connect it to previous knowledge, and apply it
in real-life situations, thereby improving both retention and application of knowledge [3].
Active learning also nurtures essential skills like teamwork, communication, and analytical
thinking. To achieve these outcomes, various methods like group activities, problem-based
learning, inquiry-based learning, and project-based learning can be employed [4–6]. These
practices encourage active involvement with the subject, through class discussions, group
projects, role playing, hands-on experiments, and collaborative problem solving [1,7]. This
way, active learners tend to engage in higher cognitive tasks like analysis, synthesis, and
evaluation [8,9].

In engineering education, the integration of active learning methods has been widely
supported, as shown by Prince, Freeman, Faria and Tsalapatas [2,3,10,11]. The systematic
review by Prince, in particular, examined the evidence supporting the effectiveness of active
learning in the context of engineering education. He identified key forms of active learning,
such as collaborative, cooperative, and problem-based learning, and evaluated their impact
on student learning and concluded that there was substantial support for the efficacy of ac-
tive learning strategies in improving the engineering students’ understanding and skills [2].

Information 2024, 15, 327. https://doi.org/10.3390/info15060327 https://www.mdpi.com/journal/information

https://doi.org/10.3390/info15060327
https://doi.org/10.3390/info15060327
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/information
https://www.mdpi.com
https://orcid.org/0000-0002-8174-3011
https://orcid.org/0000-0001-6587-5893
https://doi.org/10.3390/info15060327
https://www.mdpi.com/journal/information
https://www.mdpi.com/article/10.3390/info15060327?type=check_update&version=1


Information 2024, 15, 327 2 of 15

However, other more focused studies also contributed to the perception of the advantages
of active learning in engineering education: Madhuri et al. explored how inquiry-based
learning, an active learning strategy, can enhance higher-order cognitive skills among
first-year engineering students in a chemistry course. They aligned laboratory exercises
with Bloom’s taxonomy and adopted a just-in-time teaching approach, demonstrating that
such methods effectively foster analytical and problem-solving skills in engineering con-
texts [12]; Asok et al. investigated the development of higher-order thinking skills (HOTS)
in engineering education by establishing an Active Learning Environment (ALE) utilizing
various digital tools. Their study indicated that ALEs effectively cultivate HOTS among
engineering students, preparing them for the complexities of their future professional
roles [13]; Sorby and Baartmans evaluated the effectiveness of an ALE in developing higher-
order cognitive skills among engineering students. The authors implemented a program
designed to enhance spatial visualization skills, an essential component of engineering
education. The program utilized active learning strategies, including hands-on activities
and collaborative problem solving. The results indicated significant improvements in the
students’ spatial visualization skills, demonstrating the potential of ALE to foster critical
cognitive skills in engineering disciplines [14]; Lattuca et al. investigated the impact of
cooperative learning on the problem-solving abilities of engineering students. The study
was conducted in an engineering program that incorporated structured group activities
and collaborative projects into its curriculum. By analyzing the students’ performance and
feedback, the researchers found that cooperative learning experiences were positively asso-
ciated with enhanced problem-solving skills, deeper understanding of complex concepts,
and improved ability to work effectively in teams. These findings support the integration
of cooperative learning strategies in engineering education to promote essential skills for
engineering practice [15].

Active learning is especially relevant in complex areas like power electronics, as Wang
et al., Umetani et al., Roy et al. and Flores-Arias et al. demonstrated [16–19]. For in-
stance, understanding controlled rectifiers under various load conditions can be difficult
and students often struggle with the principles and application of these circuits. Sterman
argues that, in those conditions, traditional lectures are insufficient and interactive tools
like simulators are necessary to improve learning [20]. Laboratory experiments are crucial
but have limitations like hardware restrictions and safety concerns, leading to alternatives
like virtual labs and remote experiments [21–23]. These tools are particularly beneficial in
STEM education, providing safe, cost-effective learning environments. Simulators, as De-
terding et al. point out, also enable immersive experiences that enhance the application of
knowledge and facilitate active learning by allowing students to practice decision making
and critical thinking [24]. Maseda and Martija introduced a novel educational methodology
combining project-based learning with a specific scenario to promote active learning in
power electronics education. It centers on a complete photovoltaic solar generation power
system, integrating basic power electronic conversions and utilizing power electronics
simulation software to enhance educational outcomes [25]. Goldemberg et al. presented
a Python-based tool for power electronics and electrical drives education, emphasizing
simulation’s role in active learning. The tool facilitates the students’ understanding of
power electronics circuits, providing hands-on experience in analyzing steady-state wave-
forms, their mean and RMS values, and exploring electrical machine principles through
animation [26].

Electronic circuit simulators like PSIM and Matlab/Simulink are prime examples of the
educational potential of simulators, used in universities and schools to teach electrical and
computer engineering, physics, and basic concepts like the Ohm’s Law. These simulators,
relevant in both academic and industrial settings, prepare students for future professional
roles. Khader and Abuaisheh compared both simulators in teaching power electronics
and electrical drive courses, underscoring PSIM’s effectiveness in simplifying the learning
process for students. The study highlighted PSIM’s fast and robust algorithms, which are
particularly beneficial in educational settings, making it a preferred tool for demonstrating
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and understanding complex electronic circuits and systems [27]. Li and Chen discussed
the application of PSIM in teaching courses related to new energy power generation,
demonstrating how it can be utilized to model and simulate wind power systems, thereby
offering students practical insights into the operation and control of such systems. The use
of PSIM helped bridge theoretical knowledge with practical application, enhancing the
students’ engagement and understanding of new energy technologies [28].

However, these simulators come with challenges like software installation, operating
system requirements, and licensing costs. Building complex circuits in these simulators can
be challenging for students, potentially shifting their focus from key learning objectives [16].
Managing the balance between transient and steady-state analysis in simulators is also
crucial to avoid misinterpretations [18].

Web-based simulation applications provide alternatives but have their own limitations,
including software and licensing requirements and the need for constructing both power
and control circuits [16]. These applications, often Java-based, face compatibility issues with
modern browsers, and may restrict the ability to modify critical parameters and effectively
manage the simulation time. To address these limitations, the authors created the THYCIS
application for simulating controlled rectifier circuits [29]. Unlike traditional simulators,
THYCIS runs in web browsers, making it accessible on various devices without software
installation or licensing concerns. In THYCIS, rectifier circuits are presented to users in a
pre-built form, simplifying the process and allowing users to focus on analyzing circuit
behavior by varying thyristor firing angle. THYCIS provides output voltage waveforms
and semiconductor conduction information under steady-state conditions, eliminating the
need to solve complex equations, resulting in significantly reduced execution times. The
validation of the efficacy of THYCIS involved students in a Power Electronics course at
the Engineering School of the Porto Polytechnic. The results of a comparative assessment
between THYCIS and the PSIM simulator demonstrated the superior performance of
THYCIS in several pedagogical aspects [28]. This suggested that THYCIS could effectively
complement traditional simulators like PSIM, serving as a valuable pedagogical tool for
both students and educators.

The CORES (COntrolled REctifier Simulator) software was a natural evolution of
THYCIS. CORES has new significant features, namely the variation of source and load
characteristics. By considering a generic RLE load (resistance, inductance and counter elec-
tromotive force), the user is now able to set the value of each component. This permits the
analysis of many different scenarios, particularly the operation in discontinuous conduction
mode besides the continuous conduction mode, which is a very significant enhancement.
Another major improvement is that the load current waveform is plotted together with the
load voltage waveform. The knowledge of how current flows in the circuit is a key factor
in terms of circuit analysis since it enables a deep understanding of circuit theory, enabling
to distinguish between continuous conduction mode and discontinuous conduction mode
and also to plot other circuit variables using the Ohm’s law or other theoretical concepts
related to the theory of circuits such as load resistor voltage, inductor voltage or thyristor
voltage. So, CORES was developed to specifically simulate thyristor rectifiers and no
other power electronics converters. CORES is not a general-purpose simulator and is not
intended to replace or compete with commercial software. On the contrary, CORES can
coexist with commercial software since both solutions have very different features. CORES
has a Creative Commons CC BY-NC-SA 4.0 license. This license requires that reusers give
credit to the creator but allows reusers to distribute, remix, adapt, and build upon the
material in any medium or format, for noncommercial purposes only. If others modify or
adapt the material, they must license the modified material under identical terms.

Next, Section 2 presents the conceptual basis for the CORES simulator and its archi-
tecture, namely presenting the theory of rectifiers and the main operating principles of
the simulator. Section 3 then presents the analysis of the results of the validation study
conducted with students from the Electrical Engineering degree of the Engineering School
of the Porto Polytechnic. The paper ends with the main conclusions and recommendations.
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2. CORES—Controlled Rectifier Simulator

The application is available at https://ave.dee.isep.ipp.pt/~rmc/eltrp/cores_en/
(accessed on 22 May 2024). The application was designed to be used as a pedagogical tool
in Power Electronics courses and it can either be used autonomously by the students or by
the teachers in the classroom, to illustrate, graphically and interactively, the converter’s
operation process. In our case, Power Electronics is a mandatory third-year course of
the Electrical and Computer Engineering degree at the Engineering School of the Porto
Polytechnic. The learning objective of the course is to provide students with introductory
concepts in the area of Power Electronics. The course starts with the analysis of the main
power semiconductor devices. Then, the main electronic power converters are covered,
analyzing the operation principle as function of the selected control strategy. The studied
power topologies are the rectifiers (with diodes and thyristors), DC/DC converters and
DC/AC converters. The course is divided in theoretical classes and laboratory classes.

In the theoretical classes the expositive method is combined with active learning
strategies like class discussions, case studies, peer teaching and simulation. The CORES
application is used in this context as a tool for the teacher to explore and complement the
theoretical foundations previously presented. Moreover, the students are encouraged to
use the application outside the classroom, simulating other circuit topologies or exploring
different operating conditions. The students are challenged to anticipate results and reflect
on the theoretical basis that justifies the results, promoting self-study and self-assessment.

In the laboratory classes, focus is given to experimental activities, complemented
by initial simulations with the PLECS software as a preparation task. An experimental
class follows where students realize some real measurements that can be compared and
validated with the simulated results. Laboratory classes are also used to develop teamwork
skills, analysis skills and technical skills.

2.1. Rectifiers Theory in CORES

Rectifiers can be characterized by several factors such as [21,22]:

• the number of phases;
• the connection type to the grid;
• the type of semiconductors (diodes and/or thyristors);
• the topology (half or full bridge and semi-controlled or fully-controlled);
• the load characteristics.

CORES implements the most relevant controlled rectifier topologies according to their
use in the industry [13,14]:

• One-phase full-wave (bridge) rectifier
• Three-phase half-bridge rectifier
• Three-phase full-bridge rectifier

In all topologies the rectifier can operate in continuous conduction mode (CCM) or
discontinuous conduction mode (DCM). Since the load has typically inductive properties,
the existence of a transient-state where the current starts from zero and has an evolution
that stabilizes after some cycles is usual. When the current presents a constant variation in
two consecutive cycles, the steady state is reached. At steady state, the operating mode
is called CCM if the current is always positive during a cycle. Next, for each topology,
we derive the current expression for DCM and CCM, as well as the boundary condition
between DCM and CCM. Each time the user changes one of the available parameters the
boundary condition is checked in order to determine the actual operation mode. Then,
voltages across the several circuit components can be easily calculated and plotted using
basic laws of electrical circuits such as the Ohm’s law and Kirchhoff’s laws.

To illustrate the approach a one-phase full-wave (bridge) rectifier is presented (Figure 1a)
in which a single-phase vi feeds an RLE load. The usual mode of operation is that in the
positive half-cycle of vi thyristors T1T4 are triggered into conduction at firing angle α. In the
negative half-cycle of vi thyristors T1T4 are forward-biased and can be fired symmetrically at

https://ave.dee.isep.ipp.pt/~rmc/eltrp/cores_en/
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angle α (or α + π considering the same time reference). When one pair of thyristors (T1T4 or
T2T3) is conducting the equivalent circuit is the one represented in Figure 1b.
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At start-up or in DCM the initial conditions of the differential equation related to the
equivalent circuit in Figure 1b is io(α) = 0, and the corresponding solution is given by:

io(θ) =

√
2Vrms

Z
sin(θ − φ)− E

R
+

[
E
R
−

√
2Vrms

Z
sin(α − φ)

]
e−

R
wL (θ−α) (1)

θ = wt (2)

φ = arctan
(

wL
R

)
(3)

Z =

√
R2 + (wL)2 (4)

Equation (1) is valid in the range α ≤ θ ≤ α + γ where γ represents the conduction
interval. So, the thyristors turn-off at θ = α + γ. The parameter γ is determined based on
the bisection method considering:

io(α + γ) = 0 (5)

If γ ≤ π DCM is confirmed Equation (1) describes the current variation. If γ > π CCM
is confirmed since the phase delay between the firing of T1T4 and T2T3 is π, which means
that a firing is carried out before the current reaches zero. For CCM, Equation (1) does not
apply because in this case the initial conditions must satisfy:

io(α) = io(α + π) (6)

The corresponding solution is given by:

io(θ) =
√

2Vrms

Z
sin(θ − φ)− E

R
+

2
√

2 Vrms

Z
sin(α − φ)

e−( Rπ
wL ) − 1

e−
R

wL (θ−α) (7)

and it is valid in the range α ≤ θ ≤ α + π.
Figure 2 illustrates the current variation in the full-wave rectifier of Figure 1 for the

DCM and CCM operation modes. For DCM, represented in case Figure 2a, the current is
described by Equation (1) and steady state is always verified. For CCM, represented in case
Figure 2b, transient state characterizes the initial current behavior. After the steady state is
achieved, the current is described by Equation (7).
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Equations (1) and (7) and their validity ranges enable to plot the voltages of interest,
namely vo, vR and vL, using common relationships in electrical circuits:{

vo = vi for T1T4 on
vo = −vi for T2T3 on

(8)

vR = Rio (9)

vL = L
dio
dt

(10)

Figure 3 illustrates the application of the previous relationships considering the CCM
scenario. The upper graph shows the variables vo (black) and io (blue), and the lower graph
shows the variables vR (blue) and vL (black).



Information 2024, 15, 327 7 of 15

Information 2024, 15, x FOR PEER REVIEW 7 of 15 
 

 

tolerance as stopping criteria such that the application preservers its “real time” 
characteristics. 

This approach can be applied to other rectifier topologies (three-phase half-bridge 
rectifier and three-phase full-bridge rectifier) with the necessary adaptations. 

 
Figure 3. Example of one-phase full-wave rectifier waveforms (continuous conduction). 

2.2. Application Features 
The developed application is based on JavaScript and runs in any browser, allowing 

its execution in any device (PC, tablet, smartphone), thus avoiding the need for software 
installation. On the other hand, the rectifier circuits are presented to the user in a built 
form, where the control circuit is transparent to the user, such that the user should only 
choose one of the available topologies and focus on circuit analysis by varying the 
thyristors firing angle as the main control parameter. Moreover, the source characteristic 
(maximum voltage) as well as the load characteristic (defined by the resistive (R), 
inductive (L) and counter electromotive force (E) components) can be changed. This 
allows the user to simulate all possible theoretical scenarios and operating modes (DCM 
or CCM). The load voltage waveform and load current waveform are plotted by default 
considering the steady-state circuit operation. However other circuit variables can be 
selected. Based on user selected parameter values, the application identifies the correct 
operating mode (DCM or CCM) and the corresponding mathematical equations that 
describe the load current and the several voltages. The application has been carefully 
coded so that this process is extremely fast and the update of the waveforms is practically 
instantaneous. This is a significant advantage compared to common electrical circuit 
simulators where simulation time can vary between some units to tens of seconds. The 
user interface is organized as follows. At the start the user can choose one converter 
topology among the implemented topologies by clicking on it as illustrated in Figure 4: 
• One-phase full-wave (bridge) rectifier 
• Three-phase half-bridge rectifier 
• Three-phase full-bridge rectifier 

Figure 3. Example of one-phase full-wave rectifier waveforms (continuous conduction).

It should be pointed out that every time a parameter is changed by the user, Equation
(1) changes. Therefore, the first root of Equation (5) must be determined in order to get the
value of γ and identify the operating mode (DCM or CCM). This process of root finding is
implemented in CORES using the standard bisection method with an adequate tolerance
as stopping criteria such that the application preservers its “real time” characteristics.

This approach can be applied to other rectifier topologies (three-phase half-bridge
rectifier and three-phase full-bridge rectifier) with the necessary adaptations.

2.2. Application Features

The developed application is based on JavaScript and runs in any browser, allowing
its execution in any device (PC, tablet, smartphone), thus avoiding the need for software
installation. On the other hand, the rectifier circuits are presented to the user in a built form,
where the control circuit is transparent to the user, such that the user should only choose
one of the available topologies and focus on circuit analysis by varying the thyristors firing
angle as the main control parameter. Moreover, the source characteristic (maximum voltage)
as well as the load characteristic (defined by the resistive (R), inductive (L) and counter
electromotive force (E) components) can be changed. This allows the user to simulate
all possible theoretical scenarios and operating modes (DCM or CCM). The load voltage
waveform and load current waveform are plotted by default considering the steady-state
circuit operation. However other circuit variables can be selected. Based on user selected
parameter values, the application identifies the correct operating mode (DCM or CCM) and
the corresponding mathematical equations that describe the load current and the several
voltages. The application has been carefully coded so that this process is extremely fast and
the update of the waveforms is practically instantaneous. This is a significant advantage
compared to common electrical circuit simulators where simulation time can vary between
some units to tens of seconds. The user interface is organized as follows. At the start the
user can choose one converter topology among the implemented topologies by clicking on
it as illustrated in Figure 4:

• One-phase full-wave (bridge) rectifier
• Three-phase half-bridge rectifier
• Three-phase full-bridge rectifier
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Figure 5. CORES interface for a selected circuit.

A zone: This is the CORES menu where the user can change some settings. The
most relevant are the parameter’s slider range of variation (minimum and maximum) and
the waveforms selection as illustrated in Figure 5. Other settings include the scale type
(manual or automatic) and the waveform’s color selection. From this menu the user can
also inspect the maximum values of load voltage and load current, as well as the average
value (DC component) of load voltage and load current. This information is important
since in a controlled rectifier (AC/DC) the main feature is the ability to control the output
DC component. If the thyristors’ firing angle is varied in its full range (0 to π) the user can
observe that the average value of load voltage varies between a maximum (positive) value
and a minimum (negative) value, confirming that the converter can operate in rectifier
mode (α < π/2) or inverter mode (α > π/2).

B zone: Sliders to set the values of the thyristors firing angle (α), the source character-
istic (maximum voltage) and the load characteristics (defined by the resistive (R), inductive
(L) and counter electromotive force (E) components). The selected value is indicated by the
red dot within the available interval represented by the grey bar.

C zone: The area where the output voltage waveform is plotted (in red). The load volt-
age is plotted by default. Input voltage (v1) and its symmetrical (−v1) are also represented
for a better understanding of the relationship between output and input voltages. The
user can select other circuit voltages as illustrated in Figure 6 such as the resistor voltage,
inductor voltage or thyristor voltage. This feature is particularly relevant since it enables
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the user to detail the circuit analysis by relating several variables and confirm several
theoretical concepts.
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D zone: The area where the load current waveform is plotted.
The software has intentionally a simple graphical user interface with a self-explaining

nature. The amount of text was reduced to a minimum since students tend to dislike
reading large text blocks.

2.3. Examples of CORES Usage

The next figures illustrate the use of CORES in different operating modes in the one-
phase full-wave rectifier. Figure 7 exemplifies DCM and CCM. In this example it was
enough to change the inductive parameter from 0.2 H to 0.8 H. By making the RLE load
more inductive there are no conditions for the current to decrease to zero, thus assuring
CCM. In DCM the effect of the counter electromotive force (E = −30 V) in the load voltage
is clear. As expected, the effect is visible when there are no devices conducting. Otherwise,
the load voltage is the function of the input voltage.
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The following example (Figure 8) illustrates the operation of the one-phase bridge
rectifier with a constant output current. The user must understand that a high inductive
load must be chosen. The more inductive the load, the lower the current ripple. In
this example the load resistive component was set to 25 Ω and the inductive component



Information 2024, 15, 327 10 of 15

to 4 H. The simulation of this scenario in CORES is extremely simple and fast. It is a
matter of changing the load characteristic until the current waveform presents a constant
behavior, since CORES represents all waveforms at steady state based on appropriated
current expression as the function of select parameter values set by the user. In a common
circuit simulator this is not a simple task since a trial-and-error approach must be used, by
managing the load characteristics and the simulation time in order to assure that steady
state has been reached with constant output current.
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The example in Figure 9 illustrates the operation of the three-phase half-bridge rectifier
in inverter mode of operation. The output voltage waveform is plotted in red. For a better
understanding of the relationship between output and input voltages, the 3-phase system
voltages (v1, v2, v3) are also represented with different colors. This mode is characterized
by a negative average value of the output voltage which is clear in inspecting the output
voltage waveform. The user should realize that a necessary condition is that the thyristor’s
firing angle must be greater than 90 degrees (120 degrees in the example). A second
necessary condition is the existence of a negative counter electromotive force (E), which
must be negative enough to maintain the current flowing on the load. In the example in
Figure 9 E = −150 V giving rise to a DCM.

In the last example (Figure 10) we explore further the previous topic. The thyristor’s
firing angle was decreased to 90 degrees such that the average value of the output voltage
is zero. Still, there is current at the load and particularly in CCM due to the negative
counter electromotive force. From a theoretical perspective, the mathematical expression
that justifies the previous analysis is:

io_average =
vo_average − E

R
(11)
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3. Discussion

The validation of the CORES application was conducted with 51 students who at-
tended the Power Electronics discipline of the Electrical and Computer Engineering Bache-
lor degree of the Engineering School of the Porto Polytechnic. Students used the CORES
and PSIM simulators throughout the whole semester and in the end the students’ results
and their perception of use were assessed. To better analyze the software’s usability and
impact on the students’ assimilation of theoretical concepts, students also evaluated the cir-
cuit simulator PSIM used in the course. This way it was possible to compare the perception
of the students in relation to both simulators.

The validation was mainly conducted through a quantitative research process using a
closed questionnaire. This was later complemented through a qualitative approach based on
the collection of students’ open comments. Table 1 lists the questions proposed to students, in
the form of a statement. Students classified each statement in a Lickert scale (5 level):

5—fully agree
4—partially agree
3—neutral
2—partially disagree
1—fully disagree
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Table 1. Student assessment of the CORES simulator.

Strongly Agree Partially Agree Neutral Partially Disagree Totally Disagree Average Standard Deviation

CORES is easy to understand and use 80.39% 11.76% 7.84% 0.00% 0.00%
4.73 0.60

41 6 4 0 0

CORES has an uncluttered interface with good graphic quality 52.94% 35.29% 9.80% 1.96% 0.00%
4.39 0.74

27 18 5 1 0

CORES responds to my actions quickly 72.55% 17.65% 9.80% 0.00% 0.00%
4.63 0.66

37 9 5 0 0

CORES helped me understand the relationship between the firing angle
and the output voltage

68.63% 19.61% 9.80% 0.00% 1.96%
4.53 0.82

35 10 5 0 1

CORES helped me understand the influence of load on rectifier behavior 68.63% 17.65% 9.80% 3.92% 0.00%
4.51 0.83

35 9 5 2 0

CORES helped me understand the process of continuous and
discontinuous conduction

41.18% 29.41% 21.57% 7.84% 0.00%
4.04 0.97

21 15 11 4 0

CORES allows to quickly and clearly analyse the steady-state regime 52.94% 25.49% 19.61% 1.96% 0.00%
4.29 0.85

27 13 10 1 0

In CORES, the thyristor trigger circuit is transparent, which represents an
added advantage

41.18% 35.29% 19.61% 1.96% 1.96%
4.12 0.92

21 18 10 1 1

CORES enables the simulation of various circuits
33.33% 37.25% 19.61% 9.80% 0.00%

3.94 0.96
17 19 10 5 0

CORES features low simulation times
60.78% 19.61% 17.65% 1.96% 0.00%

4.39 0.84
31 10 9 1 0

The use of CORES improved my ability to solve exercises on rectifiers 58.82% 29.41% 9.80% 1.96% 0.00%
4.45 0.75

30 15 5 1 0

CORES contributed to better preparation for the exam 52.94% 27.45% 19.61% 0.00% 0.00%
4.33 0.78

27 14 10 0 0

CORES is a valid learning alternative to traditional methods 60.78% 23.53% 13.73% 1.96% 0.00%
4.43 0.80

31 12 7 1 0

I learned a lot by using the CORES software 58.82% 25.49% 15.69% 0.00% 0.00%
4.43 0.75

30 13 8 0 0

The more closed and oriented nature of the CORES software is an added
value compared to the more open and flexible nature of other simulators

50.98% 23.53% 21.57% 1.96% 1.96%
4.20 0.97

26 12 11 1 1

The overall average score across all survey statements, using the provided average
scores, is approximately 4.36. This confirms our earlier findings and suggests a high level
of agreement or satisfaction among the respondents. The standard deviations of the survey
responses range from 0.60 to 0.97, with an average standard deviation of 0.82. This range
indicates varying levels of agreement among respondents across different statements but
not overly different. The top statements with the highest average scores are the following:

• “CORES is easy to understand and use”: this statement received the highest average
score, indicating that users find CORES very intuitive and user-friendly. Such a high
score reflects well on the system’s design and usability, suggesting that it meets the
needs of its users effectively in terms of ease of use and understandability.

• “CORES responds to my actions quickly”: the high score for this statement suggests
that CORES is perceived as a responsive system. Quick response to user actions is
crucial in ensuring a positive user experience, and this score indicates that CORES is
performing well in this aspect.

• “CORES helped me understand the relationship between different parameters”: this
statement’s high score reveals that CORES is effective in helping users understand com-
plex relationships between different parameters. This is indicative of good educational
value and effective information presentation within the system.

On the other hand, the bottom statements with the lowest average scores were the
following:

• “In CORES, the thyristor trigger circuit is transparent and understandable”: while still
above 4, this statement score indicates that the aspects related to the thyristor trigger
circuit in CORES might be somewhat less transparent or understandable compared to
other features.
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• “CORES helped me understand the process of continuous and discontinuous con-
duction”: this statement, with a score slightly above 4, suggests that while CORES is
helpful in understanding the various conduction regimes, there might be room for
improvement in how it conveys this particular aspect.

• “CORES enables the simulation of various circuits effectively”: as the statement with
the lowest average score, it indicates that users find the simulation of different circuits
in CORES to be less effective compared to other features. This area might benefit from
additional attention or enhancement to improve user satisfaction.

The qualitative comments related also to the usability and efficacy of the tool, and the
main drawback was related to the limited number of circuits that were then available:

• “CORES has the potential to be better than other simulators in the study for power
electronics. However, there has to be a strong investment to contemplate all the circuits
studied, under penalty of becoming a tool of limited use. In my case, I used it only
for the circuits I had but I quickly turned to the PSIM, since I could perform different
tests, in order to understand how the circuits work. However, the time spent was
considerably longer. The abstraction and speed of use brought by CORES seems very
important to me, so if I had all the circuits I would hardly use other simulators (in a
less analytical logic, more focused on the influence of the components on the behavior
of the circuit)”.

• “The only weak point, from my point of view, will be the fact that there are only the
3 main circuits, so the existence of others would be something valuable”.

• “It would be fruitful to have more diversity and better ability to adjust circuit specificities”.
• “It could have more circuits, or better yet, allow the construction of circuits. Maybe

something to put as a job for a next student who can give continuity. I find it a very
useful application for the quick understanding of circuits”.

• “CORES is very easy to use and allows you to clearly understand the behavior of the
circuits. I could count on more model circuits and/or allow you to create new ones
and save them as models”.

• “An excellent graphical tool to reconcile with the analytical resolution of an exercise”.
• “Some implementations are still missing”.
• “It could be extended to work with more topologies (circuits)”.
• “Weaknesses: does not have waveforms of the voltage drop of semiconductors with

discontinuous conduction”.
• “You can’t have more than four waves”.
• “There should be more types of circuits”.

4. Conclusions

Active student participation in the learning process is a relevant factor on the achieve-
ment of learning outcomes. Adopting instructional practices that engage students in the
learning process is therefore paramount. Digital simulations are interactive tools mod-
elling a physical system that have the potential to motivate and involve students in active
experiential learning processes that promote higher-order thinking skills.

This paper presents the development of a JavaScript application that simulates the
behavior of thyristor-controlled rectifiers, which is a relevant topic in Power Electronics
courses. The user can vary the load characteristics and the thyristors firing angle, and then
analyze the corresponding influence on the circuit behavior, by relating the load current
waveform to the several circuit voltages available. Since the results are updated in real
time, a better understanding of the theoretical foundations is fostered. The application
only requires the use of a browser (online or offline) and there is no need for installation or
plugins. The application’s characteristics described along this paper are innovative and
are not present in any previous published software, to the best of the authors’ knowledge.
CORES has proven to be a valuable pedagogical tool.
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