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Abstract: At the National Technological
Institute of Mexico, Veracruz Campus, in
the Electrical Engineering program, the
course “ Modeling of Electrical Power Sys-
tems “ is taught in the 7th semester. This
course provides electrical engineers with
the ability to interpret, represent, calcula-
te, and explain the behavior of loads and
power flows in an electrical power system,
including analysis under fault conditions,
in order to operate them efficiently. It in-
troduces students to the methodological
analysis of interconnected electrical power
systems to understand load management
in normal or transient operation through
transmission lines, substations, and electri-
cal power distribution networks. See Figu-
re 1. This research project seeks to address
the academic challenges faced by electrical
engineering students in learning how to
calculate short-circuit currents under sym-
metrical unbalanced fault conditions in
subtransient time. Based on a historical and
methodological analysis of calculation tools
in electrical power systems, there is a clear
need for a teaching resource that facilitates
the understanding of these complex con-
cepts and, at the same time, allows students
to visualize each step of the calculation pro-
cedure. In this regard, the project proposes
the creation of an accessible and practical
tool in Excel format that contributes to im-
proving accuracy and understanding in the
analysis of unbalanced faults.
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INTRODUCTION

In the field of electrical engineering,
short-circuit analysis plays a fundamental
role in the planning, operation, and pro-
tection of power systems. Faults that occur
in these systems, particularly symmetrical
unbalanced faults in the subtransient time
domain, can cause serious disturbances that
compromise the safety and reliability of the
electrical grid.

The study of unbalanced faults in the
subtransient time domain—such as single-
-phase-to-ground,  two-phase-to-ground,
and two-phase-to-phase faults—presents a
particular challenge because these faults ge-
nerate asymmetrical currents and voltages.
To analyze them correctly, it is necessary to
break down the system into positive, nega-
tive, and zero sequence components, which
significantly increases the complexity of the
calculations.

The objective of this project is to de-
sign an Excel calculation tool specifically
geared toward the analysis of unbalanced
faults in electrical power systems. This tool
seeks to make it easier for students to per-
form detailed calculations and verify their
manual results, providing them with an in-
teractive experience that complements theo-

retical learning and fosters the development

of practical skills.

In this way, it aims to contribute to
improving students’ academic performan-
ce in the subject of Electrical Power System
Modeling at TecNM Veracruz, as well as
offering a solid foundation for short-circuit
analysis in their professional training, due to
its contribution to the practical manual for
these subjects.

Description of the problem

In the field of electrical engineering,
short-circuit analysis is essential to ensure
the safety and reliability of power systems.
Unbalanced faults, which include single-
-phase to ground, two-phase to ground, and
two-phase faults, represent one of the most
complex situations that an electrical system
can face.

A calculation tool focused on the
analysis of unbalanced faults could provi-
de a solution to this problem, facilitating
learning and allowing students to visualize
and validate the results of their hand-writ-
ten calculations. With such a tool, students
would not only improve their mastery of the
subject, but also develop practical skills that
would be useful to them later on.

1. General information about the course
Name of the subject

Course code

SATCAY:
Career

Modeling of Electrical Power Systems
FLF-1020
3-2-5

Electrical Engineering

Figure 1.- Heading of the subject Electrical Power Systems Modeling
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Project approach

Short-circuit analysis is a crucial topic
in electrical engineering, especially in the
context of unbalanced faults, which inclu-
de single-phase-to-ground, two-phase-to-
-ground, and two-phase-to-phase faults.
These faults generate asymmetrical currents
and voltages in the system, which presents a
considerable challenge for their calculation
and analysis.

Therefore, there is a need to develop a
short-circuit calculation tool for unbalanced
faults that facilitates detailed analysis and
comparison of results with manual calcula-
tions, providing a more solid and accurate
basis for students’ studies. This tool would
contribute to improving the efficiency and
accuracy of the learning process and stren-
gthening the academic performance of stu-
dents in the subject of Electrical Power Sys-
tem Modeling at TecNM Veracruz.

General objective

To design a short-circuit current cal-
culation tool for unbalanced, symmetrical,
subtransient faults, allowing students to per-
form detailed analyses and verify their ma-
nual results, contributing to their practical
learning and improving their academic per-
formance in the subject of Electrical Power

Systems Modeling at TecNM Veracruz.

Hypothesis

The Excel calculation tool designed for
short-circuit current analysis in unbalanced
faults facilitates the comparison of results
with traditional calculations performed by
hand, allowing students to visualize the de-
tailed procedure that leads to these results
and providing a practical and accurate re-
ference that improves their understanding

DOI https://doi.org/10.22533/at.ed.317582501109

and accuracy in the analysis of faults in elec-
trical systems, contributing to their learning
through their practice manual.

Theoretical framework;
Background

Power system analysis is a key discipli-
ne in electrical engineering, and within this,
the calculation of short-circuit currents has
always been fundamental to ensuring the
protection, safety, and stability of electrical
networks.

Historically, the calculation of fault
currents was done manually, which involved
a number of significant technical challenges.
Engineers had to solve complex equations
that modeled the behavior of the system
during a fault, which required a deep un-
derstanding of the properties of individual
components, such as generators, transmis-
sion lines, and transformers. These devices
required accurate data on the current le-
vels they had to interrupt in the event of a
fault, which led to short-circuit calculation
methods that included specific protection
parameters.

Thus, short-circuit current analysis was
adapted to provide protection devices with
the data necessary to operate effectively and
prevent damage. The introduction of inter-
national standards and norms, such as those
of the IEEE (Institute of Electrical and Elec-
tronics Engineers) and IEC (International
Electrotechnical Commission), established
uniform methodologies for calculating fault
currents. These standards allowed engineers
in different parts of the world to work with
a common methodological basis, facilitating
the implementation of protection practices
in various network configurations.
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The transition to the use of computa-
tional tools in fault analysis was largely dri-
ven by the emergence of programs designed
specifically for power systems, as described
in “Computer Methods in Power System
Analysis” by G. W. Stagg and A. H. EI-A-
biad. These computational tools made it
possible to solve large impedance and ad-
mittance matrices with great speed and ac-
curacy, eliminating human error and the ti-
me-consuming nature of manual methods.

With the advent of computers and
specialized software, power system analysis
underwent a profound transformation. As
electrical networks grew in size and com-
plexity, engineers began to rely on advan-
ced programs that automated calculations
and allowed them to model entire power
systems, incorporating not only the physi-
cal characteristics of each component, but
also the dynamic conditions that arise in the
event of a fault.

This methodological change was es-
pecially useful for calculating unbalanced
faults, which involve the interaction betwe-
en different sequence components and re-
quire exhaustive mathematical treatment.
Reference books such as Grainger and Ste-
venson’s “Power Systems Analysis,” updated
to include these computational tools, hi-
ghlight the importance of using specialized
software for electrical system analysis and
describe computational methods as an in-
dispensable alternative for fault calculation.

Today’s networks, with multiple ge-
neration points and diverse interconnected
sources, require advanced methodologies
for fault analysis that allow engineers to ad-
dress the added complexity of generation
variability.
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Today, electrical engineers have advan-
ced simulation tools, such as ETAP, DIgSI-
LENT PowerFactory, and other specialized
programs, that allow them to perform ac-
curate simulations of power systems under
various operating and fault conditions.

These programs, by incorporating se-
quence component theory and matrix calcu-
lation methods, greatly simplify the process
and allow accurate results to be obtained in
a short time. However, the use of these pro-
grams does not eliminate the importance
of understanding the theoretical concepts
that underpin fault analysis, as established
in the works of Stevenson and Grainger and
Stevenson.

The use of tools such as Excel, althou-
gh more basic than specialized programs, re-
presents an accessible and practical solution
in the academic environment.

Excel’s ability to structure calculations
in an automated and visual way allows stu-
dents and professionals to implement cal-
culation models that break down currents
into their sequence components, facilitating
a deeper understanding of unbalanced fault
analysis.

, and referential conceptual
framework

This research project is based on fun-
damental concepts of electrical power sys-
tem analysis, focusing on the study of faults
and the calculation of short-circuit current
under unbalanced fault conditions. The
main concepts are listed below in alphabe-
tical order.

The reference framework of this rese-
arch establishes the theoretical, technologi-
cal, regulatory, and educational foundations
that support the development of the project.
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Design of a tool for calculating short-circuit
current in symmetrical unbalanced faults
in subtransient time. A contribution to the
practical manual for students of “Modeling
of electrical power systems” at TecNM Ve-
racruz. This section contextualizes the pro-
blem addressed, analyzing the state of the
art, the academic and institutional environ-
ment, relevant regulations, and current te-

chnological trends.

Service connection
Admittance

Feeder

Power Systems Analysis
Bus

Motor configuration

Transformer
configuration

Short-circuit current

Short Circuit in
Electrical Systems

Zero-sequence con-
nection diagram

Balanced Fault
Two-Phase Fault

Educational Tool
Impedance
Fault Modeling

Electrical Power
System Modeling

Motor

Sequence Networks
Zero Sequence
Negative Sequence
Positive Sequence

Electrical Power
Systems

Simulation and
Computational
Analysis of Faults

Two-Phase Grou- Sequence Com-

nd Fault ponent Theory

Unbalanced Fault Subtransient Time

Fault in Power Systems Transformer
Single-line diagram

Single-Phase to
Ground Fault

Theoretical and Methodological
Foundations

Fault analysis in electrical systems is a
central topic in electrical engineering, since
asymmetry conditions in systems signifi-
cantly affect their performance and stability.
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This analysis requires the use of sequence
component theory, a tool that breaks down
the currents and voltages of a system into
three components: positive, negative, and
zero. These components allow for more ac-
curate modeling and analysis of fault con-
ditions, which is essential to ensuring the
safety and reliability of electrical systems.

In this sense, pedagogical theory su-
pports the development of teaching tools
that combine theory and practice in an ac-
cessible way. Approaches such as meaning-
ful learning and constructivism emphasize
the importance of providing students with
interactive learning environments that allow
them to apply abstract concepts to concre-
te problems. This project responds to these
needs by designing an Excel tool that auto-
mates short-circuit current calculations in
unbalanced faults, breaking down each step
of the process to facilitate understanding
and validation of the results.

State of the art

In the current state of technology, ad-
vanced computational tools such as ETAD,
DIgSILENT PowerFactory, and PSCAD
have revolutionized the analysis of electri-
cal systems, enabling accurate simulations
of complex networks. These tools, while
effective, are primarily designed for the pro-
fessional arena and present barriers to their
use in educational settings due to their high
cost, technical complexity, and computatio-
nal requirements.

In contrast, more accessible programs
such as Microsoft Excel offer a viable alter-
native in the academic field. Excel allows the
integration of formulas, graphs, and auto-
mations that facilitate the learning of advan-
ced concepts, making it especially useful for
students in training.
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Academic and institutional context

TecNM  Veracruz is an educational
institution recognized for its focus on the
comprehensive training of engineers capab-
le of solving the technical challenges of the
electrical industry. As part of its academic
offerings, the Electrical Power Systems Mo-
deling course seeks to equip students with
the theoretical and practical tools necessary
to analyze, model, and optimize electrical
networks under normal and fault condi-
tions. This subject, being directly related to
the analysis of faults in power systems, plays
a crucial role in the preparation of future
electrical engineers.

This project, which consists of a cal-
culation tool developed in Excel, responds
to this educational need by providing an ac-
cessible and easy-to-use resource. The tool
not only facilitates complex calculations,
but also breaks down the process into steps
that students can follow and understand. By
using a widely known platform such as Ex-
cel, the project adapts to the resource limita-
tions of educational institutions and allows
both students and teachers to adopt the tool
without requiring a steep learning curve.

Furthermore, the implementation of
this tool is designed to enhance the edu-
cational experience by providing practical
examples and interactive exercises. This
allows students to visualize how currents
and voltages break down into positive, ne-
gative, and zero sequence components, un-
derstanding how these interact under fault
conditions. In this way, the project not only
contributes to better academic performance,
but also fosters a deeper and more practical
understanding of electrical power systems,
aligning with the educational objectives of

TecNM Veracruz.
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From a regulatory standpoint, the re-
search is based on international standards
such as those established by the IEEE, which
regulate fault analysis in electrical systems.
These standards provide clear guidelines on
how to calculate short-circuit currents and
design protection systems, ensuring that the
project’s methods and results are aligned
with industry best practices.

Among the relevant standards are:

e IEEE 141 (Recommended Practice
for Electric Power Distribution for In-
dustrial Plants): Provides detailed gui-
delines for the analysis of distribution
systems.

e IEEE 399 (Brown Book): Addresses
electrical system studies, including
fault analysis.

The proposed tool aligns with these
standards, ensuring that the calculations
performed are consistent with industry best
practices. This not only reinforces its acade-
mic relevance, but also prepares students to
apply knowledge aligned with professional
demands.

Expected impact

The tool developed in this project has
the potential to generate a significant impact
in both academic and professional settings.
By providing an interactive environment for
performing short-circuit current calcula-
tions in unbalanced faults, the project con-
tributes to:

* Improve student academic performan-
ce by simplifying and visualizing com-
plex concepts.
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* Strengthen  students  preparation
to face technical challenges in the

workplace.

* Provide an innovative resource that
can be replicated in other areas of elec-
trical systems analysis.

METHODOLOGY

Population

The target population for this resear-
ch comprises the student community of the
Electrical Engineering program at TecNM
Veracruz, specifically those enrolled in the
Electrical Power Systems Modeling course
in the seventh semester, according to the
program’s curriculum.

This sector represents a key point due
to its need to acquire practical skills in fault
analysis and discover its different uses, sin-
ce, without knowing how each type of fault
affects an electrical system, the measures re-
quired within the country’s National Elec-
trical Code () are not currently followed
when it comes to short-circuit studies, and
the protection system developed is often
inadequate.

This project is based specifically on
unbalanced faults (single-phase to ground,
two-phase between lines, and two-phase to
ground), which are essential for the design
of the ground grid and the sizing of the bare
cable, It therefore contributes to the trai-
ning of students in theoretical and technical
concepts related to electrical power systems,
so that future engineers, for whom the de-
liverables are intended, graduate with the
skills required to ensure safety in electrical
networks.
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This work corresponds to a develop-
ment study, as its purpose is to design an
educational tool in Excel format for calcu-
lating short-circuit currents in unbalanced,
symmetrical faults in subtransient time.

The project can even be classified as
applied research, as it seeks to offer a prac-
tical and specific solution to the educatio-
nal needs of students of the subject Mode-
ling of Electrical Power Systems at TecNM
Veracruz.

This research is aimed at improving
academic performance by introducing tea-
ching resources that integrate theory, prac-
tice, and technology into a single learning
process. In this way, it is hoped that students
will not only improve their technical skills
but also develop critical competencies for
their professional performance in the analy-
sis and design of electrical systems.

Description of the resource

This project is based on a comprehen-
sive resource that combines a computational
tool in Excel format and a user guide ma-
nual, specifically designed to facilitate the
analysis of short-circuit currents in unbalan-
ced, symmetrical, subtransient faults. This
set of resources aims to provide students
with a practical and educational tool that
simplifies complex calculations and reinfor-
ces their theoretical and practical learning.

The Excel tool allows automated cal-
culations to be performed using predefined
formulas, breaking down currents into po-
sitive, negative, and zero sequence com-
ponents. Its design includes a structured
interface for entering electrical system pa-
rameters such as voltages, impedances, and
system configuration.
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Additionally, it incorporates graphics
that allow the corresponding system dia-
grams to be visualized, facilitating unders-
tanding. This tool also includes sections
dedicated to validating manual calculations,
offering students a means to check the accu-
racy of their procedures and strengthen their
confidence in applying these concepts.

Data collection procedure

The data collection procedure will be
carried out in two phases:

1. Initial testing: The tool will be valida-
ted with a pilot group of students who
will simulate unbalanced fault scena-
rios using manual calculations and the
Excel tool. Observations will be recor-
ded on ease of use, understanding of
results, and time required to complete

tasks.

2. Final evaluation: A questionnaire will
be administered to gather students
opinions and feedback on the effecti-
veness of the tool in the learning pro-
cess. A comparison will also be made
between the results obtained with the
tool and the calculations performed
manually to evaluate its accuracy and
usefulness.

This project required a rigorous pro-
cess of gathering theoretical, technical, and
practical information to ensure the accura-
cy, functionality, and applicability of the re-
sources designed: the Excel calculation tool
and the user manual.

This procedure was carried out in se-
veral stages, each aimed at collecting specific
data that would allow for the development
of a comprehensive resource adapted to the
educational needs of students in the Electri-
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cal Power Systems Modeling course at Tec-
NM’s Veracruz campus.

In the first stage, a comprehensive re-
view of technical and regulatory literature
was conducted. Among the main sources
used were fundamental texts such as “Power
Systems Analysis” by Grainger and Steven-
son, “Elements of Power System Analysis”
by W.D. Stevenson, as well as reference
standards such as IEEE 141. These sources
made it possible to establish the theoretical
basis necessary for calculating short-circuit
currents in symmetrical unbalanced faults
in subtransient time, providing the key
equations and basic parameters for structu-
ring the tool.

Subsequently, the electrical parame-
ters and practical scenarios that would be
used as the basis for the calculations were
defined, since this tool is limited to a single
type of single-line arrangement.

These included nominal operating vol-
tages, positive and zero sequence impedan-
ces (since the negative sequence is conside-
red equivalent to the positive sequence, an
approximation that can be used in small-s-
cale scenarios such as this one), and system
configurations such as grounded star and
delta connections.

Based on this data, a representative
electrical network scenario was designed,
which was then used to develop practical
exercises that served as examples in other
spreadsheets in the same tool file, following
the same procedure detailed in the manual.

In the third stage, simulations were
carried out in specialized software, such as
ETAD, to validate the accuracy of the the-
oretical and manual calculations. The si-
mulations were essential for comparing the
results obtained manually with those provi-
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ded by advanced computational methods,
adjusting the formulas when necessary to
ensure consistency.

These simulations also made it possible
to identify potential errors in the initial de-
velopment and establish strategies for their
correction, which were incorporated into
the structure of the tool.

Once the calculations were validated,
the calculation tool was structured in Ex-
cel. This stage included the creation of an
interface organized into clear sections: one
for data entry, where basic parameters such
as voltages, system configurations, data on
elements such as cable gauge and distance,
equipment power, among others, are ente-
red; another for intermediate calculations,
where the necessary formulas were integra-
ted to first organize the single-line data in
a table from which to obtain what was re-
quired to convert the system to PUj then,
to break down the currents into positive
and zero sequence components; and finally,
a section for final results, where the single-
-phase to ground, two-phase to ground, and
two-phase between lines fault currents are
displayed. This design allows users not only
to obtain accurate results, but also to un-
derstand the calculation process and analyze
the results obtained , providing a layout that
allows them to easily locate the steps in the
user manual.

At the same time, the user manual
was developed to serve as a guide, acting as
an indispensable complement to the Excel
tool. This manual includes theoretical expla-
nations of the fundamentals of short-circuit
current calculation and describes the practi-
cal examples solved step by step in the Excel
tool, allowing students to apply the con-
cepts they have learned. It also describes in
detail how to use the tool, ensuring that it is
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accessible even to users with basic knowled-
ge of the subject.

Finally, comprehensive testing of the
designed resources was carried out. The-
se tests consisted of applying the tool and
manual to simulated scenarios that are
normally used for the subject of Electrical
Power Systems Modeling, verifying that the
results obtained were consistent with manu-
al and theoretical calculations.

The Excel tool and user manual are
designed to adapt to the academic needs of
students, contributing significantly to their
theoretical and practical training, as well as
to the requirements necessary for their gra-
duate profile, training engineers who master
the specific subject and are capable of repli-
cating it in the workplace.

This is confirmed by tests carried out
on a small group of students who volunta-
rily agreed to participate, both those enrol-
led in the course and those who will soon be
taking it.

Statistical information
management procedure

The statistical information manage-
ment in this project was designed to vali-
date the functionality and accuracy of the
FExcel calculation tool, as well as to evalua-
te its usefulness as an educational resource
in the subject of Electrical Power Systems

Modeling.

This procedure was structured in seve-
ral stages, ranging from data collection and
organization to analysis and graphical repre-
sentation, with the aim of ensuring reliable
results aligned with the project’s objectives.

First, data was collected from various
sources. This included values obtained from

10
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manual calculations of short-circuit cur-
rents in symmetrical unbalanced faults in
subtransient time ( ), results generated by
simulations in specialized software such as
ETAP, and values calculated automatically
using the Excel tool.

The statistical analysis of the data focu-
sed on two main aspects: validating the ac-
curacy of the results obtained using the tool
and comparing its efficiency in relation to
manual and advanced computational me-
thods. To do this, key indicators were calcu-
lated, such as the percentage error between
the results obtained manually and those ge-
nerated by the Excel tool.

This percentage of error made it pos-
sible to evaluate the accuracy of the calcula-
tions performed with the tool in comparison
with traditional methods and simulations
performed in specialized software. In addi-
tion, the average time required to perform
the calculations manually was analyzed in
comparison with the time required using
the tool, highlighting the improvement in
efficiency that it provides.

The graphical representation of the
data was another fundamental element in
this procedure.

The Excel tool developed played a dual
role in this procedure. On the one hand, it
automated the complex calculations requi-
red for short-circuit current analysis, signifi-
cantly reducing the time required and mini-
mizing human error.

In addition to the technical analysis,
a qualitative evaluation was included based
on the application of practical exercises de-
signed to be solved with the tool and the
manual as part of the testing phase by the
participating students. These exercises were
reviewed to ensure that the instructions
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were clear and that the results generated
by the tool were easily interpretable by the
students.

This process allowed for the identifica-
tion of possible adjustments to the structure
of the tool and the content of the manual,
ensuring that both resources fulfilled their
educational objective.

Ultimately, the statistical analysis of
the information not only validated the re-
sults obtained with the tool, but also pro-
vided a solid basis for justifying its imple-
mentation as part of the subject’s practical
manual.

The analyzed data demonstrated that
the Excel tool is accurate, efficient, and ac-
cessible, making it a valuable resource for
the practical learning of concepts related t
r the analysis of electrical power systems, fa-
cilitating the acquisition of such knowledge
by students who find the subject difficult or
have not had their first approach to it.

To ensure a comprehensive analysis,
the variables and data to be collected have
been clearly defined. In the case of qualita-
tive variables, these include the level of stu-
dent satisfaction with the tool, their opinion
on its ease of use, and their perception of its
impact on their understanding of the analy-
sis of symmetrical unbalanced faults.

These variables allow us to capture the
subjective experiences and opinions of users.
On the other hand, quantitative variables
include the time spent performing manual
calculations versus automated calculations
with the tool, the percentage of error in the
results obtained using both methods, and
the frequency of correct answers in exercises
before and after using the tool. These va-
riables provide an objective framework for

1
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evaluating the performance and efficiency
of the developed resource.

Data collection will be carried out
using a structured questionnaire adminis-
tered to students who use the tool. This
instrument will collect both qualitative and
quantitative data, providing detailed infor-
mation about their user experience and the
educational impact. In addition, the results
of specific academic activities involving ma-
nual calculations and the use of the tool will
be collected. This data will be essential for
analyzing the error rate and execution times,
offering a direct comparison between tradi-
tional methods and the designed tool.

Furthermore, comparisons will be
made to identify differences in the error rate
before and after using the tool, which will
allow its impact on academic performance
to be determined.

Furthermore, comparative graphs,
such as bar or line graphs, will be created to
show the evolution of academic performan-
ce and calculation errors before and after
implementing the tool. These visualizations
will facilitate understanding of trends and

the impact of the tool on student learning,

The interpretation of the statistical re-
sults will allow for an evaluation of the tool’s
effectiveness in terms of reducing calcula-
tion time, improving the accuracy of results,
and the perceived impact on learning.

Finally, the presentation of the results
will include a clear and visual summary of
the analyzed data using tables, graphs, and
detailed descriptions. This presentation will
not only facilitate the interpretation of the
findings but will also serve as the basis for
the study’s conclusions. Additionally, a dis-
cussion section will be included to analyze
the implications of the results in the aca-
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demic and professional fields, highlighting
how the use of the tool and the manual con-
tribute to practical learning in the subject of
Electrical Power Systems Modeling.

Results obtained and discussion

This project is expected to have a sig-
nificant impact on the academic training of
Electrical Engineering students at TecNM
Veracruz, particularly the Excel calculation
tool for those currently studying the subject
of Electrical Power Systems Modeling.

The tool developed in Excel is desig-
ned to directly address academic needs and
contribute to the practical understanding of
concepts related to the analysis of short-cir-
cuit currents in unbalanced, symmetrical,
subtransient faults.

One of the main expected results is
that this tool will allow students to gain a
deeper understanding of the steps necessary
to perform detailed short-circuit current
calculations.

This will help students understand
how currents and voltages are broken down
into positive and zero sequence compo-
nents, significantly improving their abili-
ty to visualize and apply these concepts in
practical scenarios.
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Figure 2. Cover of the user manual.

In addition, a tangible improvement
in students’ academic performance is expec-
ted. By allowing them to compare the re-
sults obtained through manual calculations
with those generated by the tool, students
will be able to identify common errors and
correct them more efficiently.

As a result, an increase in grades ob-
tained in practical assessments and greater
confidence in their ability to perform elec-
trical system analysis are expected.

Another key result of the project is
the integration of this tool into the subject’s
practical manual, which will represent a sig-
nificant contribution to the institution. This
manual will include not only the tool itself,
but also practical guides, interactive exerci-
ses, and solved examples to help students
apply theoretical concepts in real-world
situations.
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This contribution to the practical
manual will not only enrich the existing
academic material, but will also become a
replicable standard that will benefit future
generations of students, providing a valuab-
le resource for learning about electrical
power systems.

These skills include the ability to in-
terpret results, analyze failure scenarios, and
propose effective solutions, which are essen-
tial competencies in today’s electrical indus-
try. In this way, the project contributes to
closing the gap between academic training
and the demands of the labor market.

Finally, the tool is expected to be suc-
cessfully validated during its implementa-
tion in the classroom. Testing with students
will not only confirm its functionality and
accuracy but also provide valuable feedback
for adjustments and improvements.

In addition, by reducing the time re-
quired to perform complex manual calcu-
lations, the tool will allow students to focus
more on critical analysis and interpreta-
tion of results, maximizing the educational
impact.

Graph 1 below shows the results ob-
tained after testing with the small group of
students taken:

STUDENTS OF MODELING OF
POWER ELECTRICAL 5YSTEMS
POWER

siechor B

Servar A
RiF

Graph 1. Test results for a group of students.
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According to the graph, 80% of the

students currently enrolled in the course

“Modeling of Electrical Power Sys-
tems” at the TecNM campus in Veracruz
(Sector A) were able to use the tool effi-
ciently, achieving the expected result and
significantly improving the time spent cal-
culating these faults.

On the other hand, 20% (Sector B)
had complications in the development, re-
quiring the user manual to use the tool in
the manner for which it is designed.

It is expected that the user manual, in
conjunction with the Excel tool, will have
a significant impact on a group of students
who have not yet taken the Electrical Power
Systems Modeling course, preparing them
to more easily address the theoretical and
practical concepts related to unbalanced,
symmetrical, subtransient faults.

This group represents a key population
for evaluating the user manual’s capacity as
an introductory resource, designed to facili-
tate the learning of advanced concepts from
carlier stages than those planned in their
academic training.

Specifically, it is anticipated that stu-
dents will effectively understand the theory
of sequence components, identifying how
fault currents break down into positive, ne-
gative, and zero sequence components, and
how these concepts apply to the analysis of
unbalanced faults.

By carefully reading the manual and
completing guided exercises, students are
expected to develop skills to perform basic
calculations using the Excel tool, even wi-
thout prior experience in the subject.

A key expected outcome is an increa-
se in the accuracy of students’ calculations
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when comparing the initial results obtained
manually with those obtained after using
the manual and the tool.

From a qualitative perspective, it is an-
ticipated that students will perceive the ma-
nual as an accessible and useful tool, parti-
cularly due to its step-by-step explanations,
solved examples, and practical exercises.
Participants are expected to consider that
the manual contributes to a better unders-
tanding of the fundamentals of unbalanced
fault analysis and improves their confidence
in tackling more complex topics in future
courses.

Finally, it is anticipated that this initial
impact will serve as an indicator of the po-
tential of the manual and tool to be used in
introductory courses or as complementary
support material, helping students establish
a solid foundation before tackling the more
in-depth analysis required by the subject of
Electrical Power Systems Modeling. This
result will reinforce the applicability of the
designed resources and their ability to be
effectively integrated into different levels of
academic training.

IMPALCT OF THE USER MANLIAL

Graph 2. Sector “A” and Sector “B” of students
who took the test.

The results of the test administered to
students who have not currently taken the
course “Modeling of Electrical Power Sys-
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tems” and, in turn, have not learned about
the importance of topics related to short cir-
cuits reveal the impact that developing these
skills can have at a stage prior to that consi-
dered by the current Electrical Engineering
curriculum, since this topic is of utmost
importance for the graduate profile and, in
general, is not addressed with enough time
for all students related to the subject to mas-
ter it.

In Graph 2, it can be seen that 60%
(Sector A) of the students who took the test
successfully completed the proposed exerci-
se, even though this was their first encoun-
ter with the subject.

On the other hand, 40% (Sector B)
faced difficulties in completing the exerci-
se, highlighting the importance of a more
thorough analysis of the relevant conside-
rations taken into account with respect to
load values (motors).

Based on the satisfaction survey, as-
pects were identified that need to be explo-
red in greater depth in the user manual in
order to make the topic clearer, making it an
easily accessible and understandable tool for
the entire student community, seeking the
most efficient way to develop the topic in
order to achieve the expected competencies.

In summary, the expected results of
this project include a notable improvement
in students’ theoretical and practical un-
derstanding, an increase in their academic
performance, a significant contribution to
the subject’s practical manual, and a positive
impact on their professional preparation.
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CONCLUSIONS

Based on the results obtained from
tests carried out on students enrolled in the
“Electrical Power Systems Modeling” cour-
se, as well as those who will soon enroll in
the course, it is clear that the tool designed
in Excel is truly useful for calculating the
short-circuit current of single-phase to grou-
nd, two-phase to ground, and two-phase
between lines unbalanced faults. It fulfills its
function and makes the development of the
corresponding equations and the analysis of
the concepts applied to them more efficient.

For their part, the students for whom
it represented an introduction to the subject
of short circuits agreed that it is a very use-
ful tool that facilitates understanding of the
subject and, accompanied by the user ma-
nual, emphasized its intuitive nature.

It should be noted that this project
does not seek to compete with current tech-
nological tools for simulating different fault
scenarios in various electrical network con-
figurations, but rather to be a complement
that offers students of the subject “Modeling
of Electrical Power Systems” a value that can
be easily used as a reference to confirm their
own calculations.

In addition, the manual has been de-
signed to allow students not only to learn
how to use the calculation tool in Excel for-
mat, but also to develop the detailed proce-
dure that this same spreadsheet carries out
to achieve its results.

Based on the IEEE Std. 141 standard,
it offers students a tool that they can use not
only in the academic field, but also as know-
ledge acquired for the development of their
graduate profile.
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Analysis of the results obtained from
tests carried out on a small group of students
currently studying the subject at TecNM
campus Veracruz shows that the calculation
tool is easy to use and accessible to all, unli-
ke current platforms that are not available to
the entire student community.

This fact allows for the evaluation of
the possible use of the tool designed as an
official complement to the subject, so that it
can be made available to teachers to imple-
ment in their subjects, not limited to “Mo-
deling of Electrical Power Systems,” but also
to areas that go hand in hand with it in the
Electrical Engineering degree program.
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