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Abstract

This paper presents the simulation of the Asynchronous Machine Module, making use of the LabView
tool to make the graphical presentation of it, simulating its real behavior at the time of performing the
practices, thus allowing the prediction of the state of the Variables of the induction motor according to
its operation. With the data obtained from the simulation carried out in Simulink it was possible to
observe the ideal behavior of the machine and the realization of the simulation in LabVIEW in order to
later take data in a practical way and being able to compare by error percentage having low results.

Keywords: asynchronous machine; torque; stator

1. Introduction

Asynchronous machines, which are of constant use in industries due to their simplicity of
construction and use, have been an indispensable cause of study and analysis of the variables that
govern their behavior; therefore, future electrical engineers, this is an important part of knowledge [1,2].
With the present project it is possible to perform the simulation of the Asynchronous Machine Module
performing different types of tests and thus analyzing the behavior of the same taking values such as
current, speed and torque; in addition, the curves of the data taken from the different practices such as
testing the machine under vacuum, by variation of the resistant torque, braking maneuver by injection
of direct current will be plotted through the programming done in the Matlab and LabView® tool [3].

The use of LabVIEW® for programming enables an intuitive graphical development environment
based on functional blocks rather than traditional code, simplifying the understanding of system
behavior. This platform not only allows real-time acquisition of data from measurement instruments
integrated into the Asynchronous Machine Module [4], but also provides a virtual interface that
replicates the physical instrumentation. When combined with MATLAB-based simulations, which
model the theoretical and dynamic behavior of the machine, LabVIEW® serves as a complementary
tool that validates simulated responses through the acquisition of experimental data. This integration
enhances the didactic process, allowing students to correlate the simulated scenarios with practical
outcomes, thus reinforcing the theoretical concepts covered in class [5].
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2. Materials and Methods

The asynchronous or induction machine is defined as a rotating electrical machine in which there
is no synchronism between the magnetic fields generated in the stator and the rotational speed of the
rotor [6]. Its functioning or operation is based on the application of Faraday’s law to a conductor [7],
which states that voltage generation is possible when there is any change in the magnetic environment
in which a conductor is located [3].

A fundamental aspect of the asynchronous machine that generally works or functions as a motor
is that the three stator coils are 120 ° out of phase in space [8]. When electric current is injected into
these windings, a rotating sine wave m.m.f. distributed sinusoidally around the periphery of the air
gap produces a rotating flow of velocity [9].

Another aspect that must be considered is the design of the rotor, as this influences the starting
torque that, being at rest, it has a state of inertia generating a resistant torque and increasing its current
from 6 to 12 times its nominal value, since it needs to break its inertia [10-12].

The simulation with the LabVIEW® tool of the Asynchronous Machine Module requires first a
data acquisition that will be performed through a simulation of the induction motor in Simulink of
Matlab®. The tests performed were the vacuum test, torque resistance variation test, voltage variation
starting test, and shunting test. voltage variation and braking maneuvering test by direct current
injection. The data and results of these tests will be shown in the graphical interface previously created
in LabView in order to perform the respective analysis of current, speed, and torque of each of the tests
with respect to the practices performed in the module. The analysis of these tests will be performed
using the error percentage, thus determining the reliability of the data [13].

2.0.1. Determination of Parameters

The main feature of an asynchronous machine, which generally works or functions as a motor, is
that the stator winding consists of three windings offset by 120 © in space [14]. When electrical current
is injected from the frequency feeder Fr, a rotating wave of . m.m. is produced, distributed sinusoidally
around the periphery of the air gap, producing a rotating flux of velocity flux [15,16].

Ng = 0 )
p
Equation 1 Rotational speed of the magnetic field.
Where:
NS = the synchronous speed of the rotating flow.
Fr = the frequency of the electrical current from the power supply.
P = the number of pairs of poles.
In the study of electrical machines, the following applies:
Ns > N, ()

Equation 2 Field ratio

This inequality represents that the speed of the rotating magnetic field (Ns) is always higher than
the mechanical speed of the rotor (N;) in induction motors.

This is also referred to as slip and can be expressed as follows [6]:

Absolute slip:
S=N;—N; 3)
Equation 3 Absolute slip of the induction motor
Relative slippage:
NS - Nr
% = | —— 100% 4
S% ( N ) x 100% 4)

Equation 4 Relative slip of the induction motor
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The induced torque must be greater than the resistant torque for the motor to start, knowing that
there are two induced torques, one due to the bars surrounding the rotor and the other due to the rotor
itself.

Tind > Tres (5)

Equation 5 Torque induction

Tg=n-1-B-1-r (6)

Equation 6 Induced torque induction motor

Where:

It can be seen that the equivalent circuit of the motor is similar to that of the transformer, which
produces a voltage in the secondary winding when voltage is supplied to the primary winding; while,
when the motor stator is connected to a voltage source, the magnetic field generated in it produces a
secondary magnetic field in the rotor. These magnetic fields interact with each other, causing the rotor
to rotate, but with a difference between the speeds of these fields [12].

The stator circuit consists of a resistor and a coil leakage reactance. On the other hand, the stator
circuit consists of a resistance and inductance of the same inductor, as well as a variable resistance
defined by the mechanical load on the motor [6]. Another variable that must be considered is the
frequency in the rotor, which is defined by the slip of the machine, so the rotor variables depend on
this frequency.

It can be seen that the equivalent circuit Figure 1 of the motor is similar to that of the transformer,
which produces a voltage in the secondary winding when voltage is supplied to the primary winding;
while, when the motor stator is connected to a voltage source, the magnetic field generated in it
produces a secondary magnetic field in the rotor. These magnetic fields interact with each other,
causing the rotor to rotate, but with a difference between the speeds of these fields [17]. The stator
circuit consists of a resistance and a coil leakage reactance. On the other hand, the stator circuit consists
of a resistance and inductance from the same inductor, as well as a variable resistance defined by
the mechanical load on the motor. Another variable that must be considered is the frequency in the
rotor, which is defined by the slip of the machine, so the rotor variables depend on this frequency [18].
When there is current in the rotor circuit, there is also an electrical equation that is equivalent to the
mechanical load of the motor and is defined as:

E;
L, === 7
2= (7)
The rotor current is given by Equation 7:
Rotor Current Analysis
The rotor current in an induction motor is given by 8:
SE2
L=— 8
2= (8)
SE2
h=—5—-5 9
27 Ry +jSX, ©)
Transformation of the Equation
It is divided by the displacement, leaving a single term:
S E2 1 Ez
p— - X . 10
2 Ry +jSX; % Rsz+]'X (10)
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S - )
?2 + ]SXz
Resistance as a Function of Slip
With resistance depending on the slip of the machine:
Ez EZ
L= , = 12
27 Ry+jSXa+ Ry — Ry Ry +jX; + %2 — R, (12)
E
L= , 2 . (13)
Ry +jSXa +Ro — Ry (1 1)
E
L= 2 (14)
Ry +jSX5 + Rz(% — 1)
Interpretation of Terms
* Ry = Represents the resistance of the rotor
s R (% - 1) = Represents the load resistance
Mechanical Load Resistance
The resistance of the mechanical load applied to the motor is given below.
1
Rc =R 5 1 (15)
The resistance to load is given by Equation 15.
ESTATOR ROTOR
—R1 e X1 e X1 —R1
Y - [UtR
A _.-'F Y A
Xt Re | [ | Re
2 e1q 12 E2 1
.{I‘ ::T'.

Figure 1. Equivalent diagram of the induction motor

2.0.2. Engine Plate Data

Table 1 presents the engine plate data of the asynchronous machine that we used in the test, with
a speed of 1800 RPM, indicating that it is a 4 pole with a frequency of 60 Hz and allows us to connect
the windings in star at 127 V or in delta at 220 V.

Table 1. Engine plate data

Rated Current
(In)

3 HP 127 -220 V 60 Hz 1800 r.p.m. 173/ 10 A

Power (P) Voltage (V) Frequency () Speed ()

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Three-Phase Induction Motor Testing

Before performing the simulation, it was necessary to test the three-phase induction motor in
order to determine the equivalent circuit diagram of the machine and thus configure the simulation
parameters in Simulink. The tests were as follows:

Open circuit test (CA) This consists of running the asynchronous machine without a load resistive
to the rotor shaft but with its nominal voltage values. After the test was performed, the data shown in
the table was obtained. Table 2:

Table 2. Data obtained from the open circuit (AC) test

VPromedio VFase IPromedio
218V 125,86 V 5,38 A

Locked rotor test (RB) This consists of applying a resistant torque to the rotor shaft, preventing it
from moving when energized and reaching its rated current. After the test was performed, the data
obtained can be seen in the table. Table 3:

Table 3. Data obtained from the blocked rotor test

VPromedio VFase IPromedio
54V 31,18V 9,88 A

Direct current (DC) voltage test This consists of supplying DC voltage to the motor coils, thereby
obtaining voltage and current to determine the motor’s resistance. After the experiment, the following
data was obtained, which can be seen in the table below. Table 4:

Table 4. Data obtained from the DC voltage test

VvDC IDC
29V 2,6 A

Determination of parameters
Using the values shown in the table, it is possible to calculate the open circuit impedance, thus
obtaining the following:

Vi
|an fase| = Ifase (16)
fase
125,86V
|an fase| = 5,38 A (17)
|an fase| =23,40 (18)

Using the values shown in the following table, it is possible to calculate the resistance of the stator of
the asynchronous machine, thus obtaining the following:

_ Vdc
Ri= 5 (19)
2,9V

Taking into account the equivalent circuit diagram Figure 2 the following values are obtained.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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X
Figure 2. Equivalent circuit
Equivalent Circuit of the Asynchronous Machine
Parameter calculation
Power per phase:
Prp (30
Prase = 3( ) (21)
Prage = @V =176,7W (22)
Locked rotor impedance:
VRB Ptrp
Zrp= —4L| ——— 2
2 T (VRB x Irp *
31,18V 176,7W
= d =3,16454,9° Q) 24
RB™ "9 88A (31,18V><9,88A> 3,16254,9 @4

Representation in rectangular coordinates is necessary to determine the resistance and reactance
of the locked rotor, thus having the following;:

Zrp = (Rgp + jXRrB) (25)

Zrp = (1,81 +j2,58) Q) (26)

Rrg =1,81Q (27)

XrB = j2,580Q (28)

Rotor resistance (Ry):

Rrg = R1 + Ry (29)

Ry =Rgp — R4 (30)

R, =1,81Q0-0,56Q =1,250 31)

Rotor and stator reactance (X; y X):

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Xgg = X1+ Xp (32)

2,580
Xi =X =122 _ 1290 (33)

Magnetization inductance (Xp1):

XM= |an fase| - X (34)
Xym =7523,400—71,290 (35)
Xyp = 22,110 (36)

2.1. Simulation
2.1.1. Simulink

Before the simulation of the asynchronous machine module in the LabView® software, an ideal
simulation of the asynchronous machine was performed on the Simulink platform of Matlab®, and
these data obtained for current, speed, and torque for each practice proposed in this monograph will
be imported to Excel to compare with the data obtained in a practical way and presented in LabView®.
To make a comparison of the simulation of an ideal motor vs. the data obtained in the laboratory
of machines I and II and then verify the percentage of error that exists between them. The results
obtained from the different practices and the simulation will be used to perform an analysis of current,
speed, torque in each test, to verify the behavior of the asynchronous machine, Figure 3.

ofSs

Figure 3. Simulation in Matlab Simulink

2.1.2. Labview
The tests performed in the simulation were:
*  Vacuum testing of electrical machines

*  Resistance torque variation test: This test was performed to determine the variation of different
motor operating parameters by varying its operating conditions with a load of 1.2 Nm.

For space reasons, the graphic interface of the resistant torque with a load of 1.2 Nm. will be
shown, for which we will display the main menu as shown in Figure 4.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. Test menu for torque resistance variation

3. Results
Before performing the analysis in a specific load case, the behavior of the machine is analyzed
considering basic tests of the same, taking into account both Matlab and LabVIEW software for data

acquisition. No-load test
In Figure 5, it can be seen that the motor consumes up to 50 A during startup and stabilizes 1.3
seconds after being energized; after that, its nonload consumption is approximately 5 A. Current vs.

time
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CORRIENTE(A)

[
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TIEMPO (S)

Figure 5. Vacio Corriente Tiempo Matlab

For Figure 6, the data acquired using LabVIEW confirm the behavior observed in Matlab: the
starting current reaches high values during the first few moments, stabilizing at around 5 A once the

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0773.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2026 d0i:10.20944/preprints202604.0773.v1

9of 17

motor overcomes its inertia and enters a steady state. The slight difference between the waveforms
obtained in both environments can be attributed to the latency inherent in the acquisition system and
to small fluctuations in the supply voltage, without compromising the validity of the results. This
coincidence supports the reliability of the measurement, allowing us to conclude that the no-load
consumption of the motor remains stable after the transient period.

PRUEBA DE VACIO
Corriente VS Tiempo

'
I

IR MR R M‘|||h|\| AR T

i -\llulll"l\umHnll\M\MM |‘|I|I-H\ul\lwu\Hlnlll\MMI\lnul\h WA

I
|

‘|||H|||||ul I |‘|‘|“5U I

Figure 6. Vacio Corriente Tiempo Labview

In Figure 7, it can be seen that after overcoming its inertia, the motor begins to increase its speed
exponentially until it stabilizes after 1.5 seconds at approximately 1800 rpm.
Speed vs. time

§

B

§
T

E
T

—“Z2Um grU-QOCW<

I | | 1 | | 1 | |
® s 1 [0 F] x5 3 a5 “ 45 ]

TIEMPO (S)

Figure 7. Vacio Velocidad Tiempo Matlab

In Figure 8, the speed record in LabVIEW faithfully reproduces the progressive acceleration of
the motor: after exceeding the starting torque, the machine increases its speed almost exponentially,
reaching approximately 1800 rpm in around 1.5 s. Minimal variations from the behavior simulated
in Matlab may be due to the time resolution of the acquisition system or mechanical irregularities
inherent to the shaft. However, the overall profile confirms that the model accurately reproduces the
actual dynamics, ensuring the relevance of the parameters adopted for further analysis.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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PRUEBA DE VACIO
Velocidad VS Tiempo

2 14 vs 13 2 22 24 25 28 3 32 3 36 38 4 a2 44 46 43 3

Tiempo (s)

Figure 8. Vacio Velocidad Tiempo Labview

In Figure 9, it can be seen that the motor requires a torque of approximately 40 N.m to overcome
its own inertia until it stabilizes after 1.6 seconds.
Torque vs. Time

TORQUE (N.m)

TIEMPO (8S)

Figure 9. Vacio Torque Tiempo Matlab

In Figure 10, the data recorded with LabVIEW shows that the motor requires a torque of approxi-
mately 40 N-m during start-up, which is necessary to overcome its own inertia and friction losses in the
bearings. After approximately 1.6 s, the torque tends to stabilize at a very low level, consistent with the
no-load operation. This similarity to the Matlab results validates the robustness of the measurement
system and confirms that the experimental conditions were adequate to characterize the dynamic
behavior of the motor.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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PRUEBA DE VACIO
Torque VS Tiempo

poto N

2 o1s 1% 1 2 22 2 26 28 3

Tiempo (s)

Figure 10. Vacio Torque Tiempo Labview

Likewise, the curve obtained in LabVIEW shows slight oscillations in torque during the first few
moments, possibly associated with small irregularities in the power supply or microvibrations in the
rotor-stator assembly. These variations do not affect the main conclusion: the theoretical model and
experimental measurement describe the evolution of torque in transient and steady-state conditions
with remarkable accuracy, providing a solid basis for continuing the analysis with specific load cases.

Figure 11 shows that most of the error points are in the range of 0 to 20 percent, but 13 of the 7,000
points taken are outside this range, so these simulated results are considered reliable. The 13 points
that fall outside the 20 percent error range are part of the sample taken during engine start-up, so these
errors may be caused by various factors, such as poor contact with the engine terminals at start-up,
poor contact with a phase of the voltage regulator, or even rapid fluctuations in the supply voltage.

140 T T T

% ERROR

0 | | | | |
[ 02 0.4 06 08 1 12 14 16

Figure 11. Analiss de Error

Considering the low error rate in the proposal, the analysis will continue with a specific function-
ality case.

Figure 12 illustrates the dynamic response of the induction motor during the star-delta starting
sequence with 1.2 Nm. Figure 13 presents the time-domain current waveform, revealing a high inrush
current at startup, which drops when the transition from the star to the delta connection occurs,
showing the effectiveness of this strategy in reducing electrical stress. Finally, Figure 14 shows the
development of the torque over time, indicating a stable behavior consistent with the observed current
and speed variations.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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PRUEBA DE VARIACION DEL PAR RESISTENTE CON CARGA DE 1.2 NM
Velocidad VS Tiempo
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Figure 12. Rotor speed as a function of time during star—delta starting.
PRUEBA DE VARIACION DEL PAR RESISTENTE CON CARGA DE 1.2 NM
Corriente VS Tiempo
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Figure 13. Time-domain current waveform during star-delta starting.

PRUEBA DE VARIACION DEL PAR RESISTENTE CON CARGA DE 1.2 NM
Torque VS Tiempo

ot IRN

6 o2 os o 08 1 1z w4 Ws 13 3 Z2 24 28 25 3 32 34 38 38 4 42 L& 48 43 3

@ pruesss

Figure 14. Torque evolution as a function of time during the start-up phase.

3.1. Current Analysis

In Figure 15 when comparing the simulated and plotted values in the programming (red curve)
vs. the real measured values (blue curve) it is possible to determine the percentage error between them
to verify if the simulation is reliable.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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CORRIENTE(A)
CORRIENTE(A)

TIEMPO (S) TIEMPO (S)

Figure 15. Comparison of current curves

In Figure 16 data can be observed that in the range of 1.5 seconds pass the 100 % error, this may
be due to the fact that in that instant of time there was a change in the machine’s own operating factors
such as vibrations, loose terminals, cables in bad condition, motor malfunctions; however, these 87
points do not affect the analysis because it is a small part of the sample and the variation begins after
the 6,500 data obtained.

3500 T T T T T T

2500 [ 1

1500 [ N

% DE ERROR

1000 [~

500 [~

f
o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Figure 16. Error in % obtained in the comparison of currents

3.2. Speed Analysis

In Figure 17 Comparing the simulated and plotted values in the programming (red curve) vs. the
real measured values (blue curve), it is possible to determine the percentage error between them to
verify if the simulation is reliable.

H H
1

VELOCIDAD (RPM)
VELOCIDAD (RPM)

T~

L 1 | | L L 1 - il 1l ! L L L
r V

" u ) 3 . " ' h w v 0 [ 3 v [ i

TIEMPO (S) TIEMPO (S)

Figure 17. Comparison of speed curves

In Figure 18 it can be seen that the error percentage is minimal because it is between 0 and 0.2%,
but after the first 2,000 points approximately the curve stabilizes, with this result it is shown that the
simulation is reliable.
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Figure 18. Error in % obtained in the speed comparison

The points between 0 and 2,000 are data taken during machine start-up, so these percentages may
be higher than the rest due to bearing wear.

3.3. Torque Analysis

In Figure 19 comparing the simulated and plotted values in the programming (red curve) vs. the
real measured values (blue curve), it is possible to determine the percentage error between them to
verify if the simulation is reliable.
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Figure 19. Comparison of torque curves

In Figure 20 it can be seen that the error percentage is low because the motor is without load, so
the resistant torque will be zero and the motor must only overcome its own torque generated by the
internal friction and the moment of inertia of the motor. The percentage of error is between 0 and 5%,
thus confirming the reliability of the simulated system.
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Figure 20. Error in % obtained in the torque comparison
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4. Discussion

The findings of this investigation demonstrate the viability and efficacy of the proposed simulation
strategy to analyze asynchronous machines. The low error percentage obtained when comparing
the data simulated in Simulink with actual laboratory measurements - below 5(%) for speed and
torque and under 20(%) for current in most data points - confirms the accuracy of the implemented
model. These error margins are particularly significant when considering the inherent variations in
real-world motor operating conditions, where factors such as bearing wear, power supply fluctuations,
and environmental conditions can introduce discrepancies. The consistency of the results validates the
reliability of the simulation module for both educational purposes and technical analysis.

Detailed examination of error peaks during motor startup reveals crucial aspects of asynchronous
machines’ transient behavior. Although numerically scarce relative to the total sample size (only 13
out of 7000 points under no-load conditions and 87 in current analysis), the highest error points sys-
tematically coincide with initial operation moments where transient phenomena are most pronounced.
This observation indicates that, while the simulated model effectively captures steady-state behavior,
opportunities exist to enhance the representation of startup transients by incorporating more detailed
models that account for variable friction and magnetic saturation effects.

The successful implementation of the graphical interface in LabVIEW® represents a significant
advancement in the teaching methodology of electrical machinery. The capability of simultaneously
visualizing theoretical (simulated) and practical (measured) behavior enables students to establish
direct correlations between theoretical concepts and their manifestation in actual equipment. The
general agreement between both curves, particularly evident in the speed analysis where the error
remains between 0-0.2(%) after stabilization, strengthens the understanding of fundamental induction
motor operation principles. This integrated approach not only optimizes practical work efficiency, but
also promotes deeper and more meaningful learning by facilitating immediate experimental validation
of theoretical concepts.

5. Conclusions

The simulation of the Asynchronous Machine Module was performed in the LabView® interface,
graphically representing all its components, its uses, and procedures at the time of performing the
practices established at the beginning of this work, which will facilitate the student to become familiar
with the module at the time of performing a practice in person, since it allows him to identify the
connections and the steps that must be executed, avoiding making mistakes that put at risk his well-
being and that of his classmates. The programming was carried out in the LabView® software in
which the main electrical parameters and characteristic curves of current, speed, and torque of the
asynchronous machine can be observed in each of the established practices due to the data obtained
prior to the development of the graphical interface of the Asynchronous Machine Module. Theoretical-
practical applications were developed verifying the correct simulation by means of the analysis of
the error percentage of each graph being this low in relation to the amount of data obtained, having
as a result the verification of the efficiency of an ideal model and considering that some of these
peaks within the error percentage were given to the internal and external factors that influence the
performance of a motor such as environmental conditions, electrical faults, short between turns, short
between phases; in addition, the own faults that are generated by the motor components in bearings,
stator, and rotor. The comparative analysis between the results derived from the Matlab simulation and
those obtained experimentally using LabVIEW showed a high degree of correspondence in the current,
speed, and torque parameters. The discrepancies observed in the transient regime are mainly due to
the temporal resolution limitations of the acquisition systems, as well as power supply fluctuations
or mechanical factors intrinsic to the motor. These findings confirm the validity of the proposed
model and the suitability of the methodological procedures applied, supporting the joint use of both
environments as reliable tools for the dynamic characterization of electrical machines under no-load
operating conditions. The error analysis showed that the outliers represent a marginal percentage of
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the total sample and are concentrated in the initial moments of start-up, when phenomena such as
rotor inertia, internal friction, or instantaneous variations in supply voltage converge. The general
consistency between the experimental data and the simulation results supports the robustness of
the measurement system and the theoretical model used, providing a solid methodological basis for
future research aimed at evaluating the performance of the machine under load conditions, optimizing
start-up strategies, and refining control algorithms that promote energy efficiency and operational
reliability.
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