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Abstract. Industry 4.0 has gained drive in the last few years since most
companies at the industrial level need to update and optimize their pro-
duction chain. Restructuring their processes and improving their human
resources skills is imperative if they want to remain competitive. This
research presents the development of a virtual reality system for induc-
tion motor troubleshooting training. Two sample groups were taken as
references. The first one was trained with the VR system, while the sec-
ond group worked with a conventional methodology. With the use of
the proposed system, there was a time reduction of 57.73%. In terms of
knowledge acquisition, it was possible to confirm, with a p-value lower
than 0.05, that the VR system is more efficient than the conventional
methodology. Finally, the system’s usability was evaluated utilizing the
System Usability Scale (SUS), obtaining an average value of 73.33.

Keywords: Optimization · Industrial training · Virtual reality ·
Induction motors

1 Introduction

The development of personnel knowledge should progress along with innovation.
It is fundamental to improve the productive chain of an organization. As of
now, it is new to join preparing with virtual instruments; this implies diminish-
ing expenses and ensuring the learning of the data bestowed to the staff. The
focal responsibility of virtual preparing is to produce quick and simple to utilize
solutions for human resources [3,6].
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The 4.0 revolution allows this sort of innovation, consequently permitting an
efficient management. Most businesses have been compelled to enter this new
time to get more effective creation strategies. The main tools inside this era
are VR, augmented reality (AR) and extended reality (XR), utilized for staff
preparing.

The main recipients of this innovation are the raw materials’ industry, which
allows for automatic control of the process. These technologies are said to have
a wide range of uses, from educational, military, medical to industrial machinery
maintenance [1].

The health crisis and the monetary emergency that the world is encounter-
ing make innovation a definitive factor in addressing these challenges. On an
industrial level, employers also have a serious impact, trying to ensure employee
health, avoid physical contact and seek new ways to implement robotized work.
Create products for the industrial sector using virtual platforms and applications
is a means to neutralize the damage caused by the pandemic [13].

It is clear that with the application of virtual techniques, the frequency of
work and interpersonal relationships will change [11]. The current and future
alternative is virtual reality. This is to avoid the industrial environment and to
maintain human integrity. It is an option available in all industrial manufacturing
processes [14].

Likewise, technological advancements make it possible for us to apply vir-
tual fields to all industries and surprisingly to people’s everyday lives. Similarly,
this is a major factor as many companies have adopted this model to train all
processes in the industrial sector. The main benefit by adopting virtual real-
ity is improved performance in industrial projects. In addition, it is an element
that seeks continuous improvement over other organizations and an industrial
competitive advantage. [4,14].

In this article, we will explain the development of VR system for fault detec-
tion training of three-phase motors and its comparison with conventional train-
ing systems. This system was developed using the Unity 3D graphics engine and
Blender.

This article is divided into six sections, including the introduction. In Sect. 2,
the objectives of the study are detailed. In Sect. 3, the developed interfaces
are explained, while in Sect. 4, the usability evaluation is deployed. In Sect.
5, the results are discussed; and, in Sect. 6, the conclusions and future works are
studied.

2 Case of Study

This study compares two types of training in fault detection and repair of three-
phase electric motors. The first is based on lessons that apply as usual in the
health crisis we are boldly facing. A virtual classroom with videos, slides and
video calling software. The second uses an immersive VR app. The app uses
interactive content and sensors to provide users with a fully immersive experi-
ence. See Fig. 1.
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Due to the high probability of failure with this type of engine, the failures in
this study are the most common and easy to detect and are described below.

– Broken Bars: It reduces the smooth operation efficiency of the induction
motor. The problem starts with a broken bar and if not fixed in time will
cause more rotor bars to break. Therefore, these machines require regular
maintenance [8].

– Inter-turn short circuits: They are caused by damage to the insulating
coating of the windings. This can also affect the entire coil and adjacent
coils. Mechanical stress, high current or thermal shock are some causes of
insulation. When this damage occurs, it will cause vibration problems in the
machine and cause serious magnetic field damage [5].

Fig. 1. Conventional and VR training

3 Interactive System Design

The graphic environment limits the space in which the user develops and learns
to identify possible faults in the electric motors. Here the Unity 3D graphics
engine and Blender design software were used. An interactive interface was also
created with the HMD and HTC VIVE command.

In Fig. 2, it can be identified that the VR system consists of three modules.
i) Overview: Learn the technical concepts of three-phase asynchronous motors
in a general presentation. This was done through the video. ii) Engine failures:
Allows the user to recognize the failures caused by bar breakage or short circuit
and learn how to fix them. iii) Test: Required to evaluate the knowledge acquired
by the apprentice.

When the system is started, users will be immersed in a mechanical workshop,
perfecting their presence and feeling themselves in an environment useful for
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industrial learning. Here they will be presented with a menu of options where
they can choose to start the workout or exit the system. See Fig. 3. When the
user agrees to start training, a video will be displayed explaining the basics of
the induction motor, its parts, and the application. When finish the video, the
button to move on to the next scene is activated. This can be appreciated in
Fig. 4.

Fig. 2. System block diagram

Fig. 3. Options menu

In Fig. 5, the rated data of the motor is running and the phase signal of the
oscilloscope is displayed. The first mistake users have to learn is broken bars.
We also simulated the characteristic sound of this engine to help users get used
to a real environment. With this interface, the learner can use buttons to view
on a map the signal difference between a non-faulty motor and a faulted motor.

There is auditory feedback in this scene, which explains that the amplitude
in the frequency range of 75 to 110 Hz decreases to lower values of −40 dBV
compared to a standard signal. On the other hand, it is also taught that there
is an increase in amplitude in the frequency range from 100 to 110 Hz. Finally,
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it is established that another characteristic of this type of failure is the creation
of lateral peaks near 70, 40 and 50 Hz with oscillating amplitudes around −10
dbV. See Fig. 6.

Fig. 4. Tutorial

Fig. 5. Broken bars fault

When the user understands this information, the disassembled motor will be
displayed. That is, the case and stator are not visible. A rotating red arrow iden-
tifies visible physical damage and draw students’ attention. The above described
can be seen in Fig. 7. The user is then trained on how to repair it. We chose to
braze here because it is the most common way to repair minor damage in small
rotor bars. When the repair is complete, the damage is gone and the apprentice
can move on to the next fault. See Fig. 8.
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Fig. 6. Broken bars: graphs comparison

Fig. 7. Broken bars fault: physical damage

The scenes developed for the inter-turn short circuits failure are similar. The
rated motor data displayed on the screen is different, so the actual status of this
fault can be created. In Fig. 9, the user will be able to learn that, in phase 3,
there is a relatively small increase of 0.53 dBv in the frequency 300 Hz. In phase
1, the spectral signal moves 11 dBv above the signal without failures. Finally,
in the three phases, it can be seen that 180 Hz, the signal spectrum increases 23
dBv above the noise level [2].

Finally, a questionnaire of 10 multiple-choice questions was set up to evaluate
the knowledge acquired by each user. Four are for understanding bars breakage
failures, four are for short circuits between turns, and two are for a general
understanding of three-phase electric motors. Each question has three options,
only one of which is appropriate. To ensure the reliability of the response, it is
recorded and cannot be changed. In Fig. 10, it is shown that after finishing the
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Fig. 8. Broken bars fault: brazing process

Fig. 9. Short circuit: graphs comparison

test a scene with all the test information will be generated, i.e., username, time
and score.

4 System Usability Scale

Scores from 0 to 100 determine the efficiency of the developed system. Products
with more than 80 are excellent and are rated A. Systems rated from 70 to 80
are considered acceptable and rated B. A score from 50 to 70 indicates a poor
system and are rated C. Finally, systems with a score below 50 rated D [9].
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Fig. 10. Test feedback

Each of the even-numbered questions is scored by subtracting the user’s score
from 5, that is (5 − Y). Instead, subtracting one from the user-generated score
(Y − 1) is performed for odd-numbered questions. To determine the final score,
add the number of positive and negative questions and multiply by 2.5 to produce
the final result regarding the usability of the VR system [12].

5 Results

To achieve the goals of this study, the experiment was designed with the par-
ticipation of students from Ambato in Ecuador, who have a basic knowledge
of electronics. The sample consisted of two groups of 15 participants each. A
control group and an experimental group were created.

Figure 11 shows that in traditional training, 50% of the points are concen-
trated on 6 or higher, except for a score of 3. The virtual reality-based method
states that 50% of the scores are 8 or higher.

To statistically test the effectiveness of VR training, T student is used and
is based on two assumptions: i) H0 There isn’t a significant difference between
traditional training and VR training; and ii) H1 There is a significant difference
between traditional training and VR training. The confidence level was α = 5%.

The ShapiroWilk test determines the normality of observations for samples
containing less than 30 data. The significance values for regular training and VR
were 0.908 and 0.934. This verifies that there is a normal distribution. A Levene
test with a significance value of 0.36 was performed to determine the equivalence
of the variances.

With these parameters calculated, the significance value was obtained
(0.000003). Below 0.05, this value is more likely to reject H0 and accept H1,
VR training is more effective than traditional training, with solid knowledge,
information retention and proper understanding of the procedures presented.

Meanwhile, each of the two induction motor maintenance training courses
have been timed to determine if there is resource optimization. Traditional
instruction was given to the control group for a fixed period of 60 min. During
this phase, the professional’s presentation, proposed modules, and the test were
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Fig. 11. Conventional and VR scores

considered. In contrast, the virtual reality training was conducted at different
times. The total experience time lasted an average of 25 min 36 s.

In Fig. 12 it can be seen that learning in VR can save a lot of time. We found
that the optimized time was 57.73% compared to regular training. This analy-
sis shows that learning through Industry 4.0 help to gain better understanding.
In conclusion, induction motor maintenance operators can gain more experi-
ence and learn through this technology. On the other hand, the optimization of
resources is essential to reduce costs and improve industry efficiency.

Fig. 12. VR vs conventional training time

As with other studies, acceptance assessment was performed through a survey
that followed the guidelines presented by SUS [7,10]. The following items were
included in the survey:

1. I think that I would like to use this VR system frequently.
2. I found the VR system unnecessarily complex.
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3. I thought the VR system was easy to use.
4. I think that I would need the support of a technical person to be able to

use this VR system.
5. I found the various functions in this VR system were well integrated.
6. I thought there was too much inconsistency in this VR system.
7. I would imagine that most people would learn to use this VR system very

quickly.
8. I found the VR system very cumbersome to use.
9. I felt very confident using the VR system.

10. I needed to learn a lot of things before I could get going with this VR
system.

The second group answered 10 statements using the Likert scale. The average
value obtained was 73.33. Due to the range of the final grade, it can be said that
it is a friendly and intuitive system.

In Fig. 13, the participants’ grades are deployed. Users find every module of
the system appropriate. According to the SUS, induction motor troubleshooting
training is accepted by 12 people. On the other hand, the other three people
scored below 70 points, so they claim that the VR system was not easy to use.

Fig. 13. SUS scores

6 Conclusions and Future Work

A VR system has been developed for the training in terms of induction motor
troubleshooting. The SUS methodology has shown that users consider the system
suitable. However, since this is the first version of the model, there are still factors
to consider, such as system interaction, responsiveness, and robustness. It is also
recommended to use other methodologies to evaluate the usability of the system,
as well as to follow specific guidelines to create the scenarios efficiently.
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