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Introduction:-

Real-time analysis of electrical current and vibrations in industrial induction motors has become an essential
approach to improving efficiency, reliability, and safety in industrial processes (NEVES, 2019). These motors play a
crucial role in various areas, including manufacturing, automation, and power generation. By continuously
collecting and analyzing data on electrical current and vibration patterns, it is possible to detect potential failures,
evaluate performance, and implement proactive maintenance strategies. This leads to optimized operation and
reduction of unplanned downtime, contributing significantly to the overall effectiveness of industrial systems.

According to Goncalves (2019), the increasingly fierce competition in modern industry requires a holistic approach
to ensure the uninterrupted operation of activities. Induction motors play a central role in these industrial processes,
and any malfunction can result in production delays and significant financial losses. Detailed analysis of electrical
current and vibrations offers the advantage of identifying irregularities at an early stage, enabling preventive
interventions before serious failures occur. The increasing focus on sustainability drives the need to improve the
energy efficiency of motors, something that data analytics can facilitate, leading to significant energy savings.

Aside from the immediate concerns related to maintenance and efficiency in industries, worker safety emerges as a
primary consideration. In many contexts, improperly functioning induction motors can become significant sources
of risk, which can cause accidents or unexpected interruptions (REZENDE, 2020). The ability to identify any
operational deviations early, thanks to continuous current and vibration analysis, not only improves productivity, but
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also directly contributes to safer and more secure working environments. This approach not only emphasizes the
importance of employee health but also highlights the organization's commitment to the safety and well-being of its
staff.

The article focuses on the development of an innovative solution to improve the real-time monitoring of industrial
induction motors through current and vibration analysis, with the use of a microcontroller. The goal is to create a
system that not only collects electrical current and vibration data, but also intelligently processes it to provide
actionable information to operators and maintenance teams.

Theoretical Framework

Real-time monitoring of industrial induction motors is an essential element for efficient and safe operation in
modern industries. By constantly analyzing parameters such as electrical current and vibration patterns, it is possible
to quickly identify potential operational deviations, enabling the immediate implementation of proactive corrective
measures. This study represents an innovative approach, integrating advanced technologies, such as microcontrollers
and remote communication, to improve the accuracy and agility of this monitoring, thus contributing to the
reliability and safety of industrial systems.

Real-Time Monitoring Of Industrial Induction Motors

Real-time monitoring of industrial induction motors is an essential practice to ensure operational efficiency and
safety in industrial environments (Neves, 2019). Continuous analysis of parameters, such as electrical current and
vibration patterns, is crucial to identify operational deviations and implement proactive corrective actions
(Gongalves, 2019). This study is part of this context, exploring an innovative approach that integrates technologies
such as microcontrollers and remote communication to improve the effectiveness of real-time monitoring.

Importance Of Electric Current Analysis

Analysis of electric current in induction motors is a valuable indicator of their health status (Baker, 2020).
Anomalous variations in the current can signal impending operational problems (Bortoni et al., 2019). Careful
monitoring of these variations is vital for the effective maintenance of motors, contributing to the safe and stable
operation of industrial systems (Rezende, 2020).

Vibration Analysis As An Indicator Of Engine Health

Vibration analysis is a widely accepted technique for assessing the condition of induction motors (Jacobina et al.,
2022). Anomalous vibration patterns can indicate imbalances, wear, or other impending failures in engines (Landau,
2023). Early detection of these anomalies is crucial for the implementation of corrective measures and preventive
maintenance of engines (Mendonca, 2022).

Use Of Microcontrollers And Remote Communication Technology

The use of high-performance microcontrollers allows for efficient real-time data processing, facilitating the
immediate detection of motor anomalies (Oliveira, 2020). In addition, the integration of remote communication
technologies provides flexible and convenient access to critical data, enabling quick and informed decision-making
(Santos, 2021).

Sustainability And Energy Efficiency

Real-time monitoring not only improves operational efficiency but also contributes to industrial

sustainability by identifying energy-saving opportunities (Goncalves, 2019). Optimizing the energy efficiency of

motors is key to reducing energy consumption and minimizing the environmental impact of industrial operations
(Neves, 2019).

Safety And Well-Being Of Workers

The operational benefits, the continuous monitoring of induction motors contributes to the safety of workers by

preventing accidents related to motor failures (Rezende, 2020). The rapid identification of operational deviations

creates safer and more secure work environments for the team (Santos, 2021).

Predictive Maintenance Strategies

The intelligent analysis of the collected data allows the effective implementation of predictive maintenance
strategies, reducing unplanned downtime and extending the life of induction motors (Mendonca, 2022). Real-time
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monitoring, along with proactive intervention, plays a crucial role in managing industrial assets and reducing
maintenance costs (Baker, 2020).

Materials And Methods:-

A solution has been developed to improve the real-time monitoring of industrial induction motors. We used
electrical current and vibration analysis, along with a microcontroller, to create a system that not only collects data
from these parameters, but also processes it intelligently. The focus was on creating a system capable of providing
actionable information to operators and maintenance teams. In the course of the study, we detail the materials and
methods used to achieve these results.

For this study, we used a variety of industrial induction motors representative of common applications in the
manufacturing, automation, and power production sectors. These motors were installed in a test setup representative
of actual operating conditions.

To ensure the effectiveness of our industrial induction motor monitoring system, we have carefully selected the
central component, the microcontroller. We opted for a high-performance, low-power microcontroller, carefully
chosen to play the role of the "brain” of our system. This micro controller was selected based on its ability to process
real-time data efficiently, which is essential for the immediate detection and analysis of any anomaly in the motors.
It was equipped with advanced communication capabilities, allowing it to transmit relevant information to other
devices and systems, thus creating an integrated and effective monitoring network for industrial operations. This
strategic choice ensures that our system works optimally, enabling the rapid identification of problems and
contributing to the efficiency and safety of industrial processes in real time.

We use highly sensitive electrical current sensors to measure the current supplied to induction motors. Vibration
sensors were applied in the vicinity of the motors to capture vibration patterns in real time. These sensors were
chosen based on their accuracy and ability to withstand harsh industrial environments.

We have developed custom software for the continuous acquisition of electrical current and vibration data from the
sensors, ensuring that the information is recorded accurately and reliably.

Initially, we set up the system to collect real-time electrical current data and vibration patterns from the sensors
connected to the induction motors. These data were sampled at an appropriate rate to ensure the accuracy of the
measurements. The raw data collected were processed using signal processing algorithms, aiming at anomaly
detection and extraction of relevant characteristics. This includes spectral analysis to identify anomalous frequencies
of vibration and the detection of electrical current spikes that may indicate operational problems. We implement
artificial intelligence techniques, such as neural networks, for the interpretation of the processed data. This approach
allowed for the identification of subtle patterns and the prediction of potential failures based on real-time and
historical data.

We have developed an intuitive and user-friendly user interface designed to provide critical real-time information to
both operators and maintenance teams. This interface is a key piece of our industrial induction motor monitoring
system, as it puts the information directly into the hands of the professionals responsible for the operation and
maintenance of these motors. It offers a number of essential features. A remote communication system is created
that enables operators and maintenance teams to access real-time data and status of induction motors through mobile
devices or computers, simplifying supervision and enabling quick and informed decisions. This remote access
capability plays a key role in operational efficiency, making it easier to resolve immediate issues and prevent
unplanned downtime, resulting in more reliable and effective industrial processes.

Results And Discussion:-

The results obtained through the implementation of the innovative real-time monitoring system for industrial
induction motors are revealing. Focusing on the analysis of electrical current, vibration patterns, and operational
status of the motors, significant variations in the electrical current data were identified, highlighting spikes in some
motors that signal potential operational issues. In addition, vibration analysis revealed anomalous frequencies in
specific motors, indicating the need for corrective actions such as lubrication and visual inspection. The presence of
an intuitive user interface and simplified remote access have enabled operators and maintenance teams to make agile
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and informed decisions, contributing to the efficiency and safety of industrial processes in real time. These results
strongly highlight the importance of continuous and intelligent monitoring in the search for optimizing industrial
operations.

Analysis Of Electric Current In Motors

The results of the analysis of electric current in induction motors, as presented in Table 1, play a key role in
evaluating the performance of these industrial motors. This analysis reveals notable variations in the average and
maximum current levels between the motors evaluated. Of particular note is Engine 2, which registered a surge in
current, indicating the possibility of operational problems. These results underline the critical importance of
monitoring electrical current, as early detection of such anomalies plays a crucial role in the effective maintenance
and reliable operation of these industrial motors.

Table 1:- Results of Electric Current Analysis in Induction Motors.

Engine Average Current (A) Maximum Current (A) Anomalies Detected
Engine 1 20 30 No

Engine 2 25 35 Yes (Peak)

Engine 3 22 32 No

Engine 4 18 28 No

Source: Authors (2023)

The electric current analysis in Table 1 is essential for evaluating industrial induction motors. Variation in current
levels, especially in Engine 2, indicates potential operational problems. Monitoring electrical current is crucial for
identifying anomalies and ensuring the safe operation of motors. This optimizes the efficiency and stability of
industrial operations.

Continuous monitoring of electrical current in industrial induction motors is essential to ensure safe and effective
operations. Careful analysis of this data plays a crucial role in preventing failures and optimizing operational
performance (BAKER, 2020). Detecting and correcting variations in electrical current is critical for the effective
maintenance of induction motors. Detailed analysis of these parameters is essential to avoid possible operational
problems and ensure a safe and productive work environment (BORTONI, 2019).

Vibration In Motors

The results presented in Table 2, referring to the vibration analysis of induction motors, offer a crucial insight into
the operating state of these industrial motors. By evaluating vibration frequencies and identifying anomalous
patterns, it becomes evident that Motors 2 and 4 presented characteristics that require attention. Engine 2
demonstrated vibration patterns that indicate the need for lubrication, while Engine 4 also revealed anomalies,
suggesting a visual inspection. These results highlight the relevance of vibration analysis as an effective tool for the
early identification of problems and the implementation of corrective actions, thus contributing to the maintenance
and optimized operation of these industrial motors.

Table 2:- Results of Vibration Analysis in Induction Motors.

Engine Vibration Frequency (Hz) Anomalous Patterns | Recommended Corrective Actions
Engine1 |100 No No

Engine 2 | 120 Yes Lubrication

Engine 3 | 105 No No

Engine4 |115 Yes Visual Inspection

Source: Authors (2023)

One of the crucial results of the analysis in Table 2 is that Motors 2 and 4 showed anomalous vibration patterns,
indicating the need for intervention. Engine 2 exhibited vibration patterns that suggest the need for lubrication, while
Engine 4 showed anomalies that warrant an immediate visual inspection. These findings highlight the vital
importance of vibration analysis in the early detection of problems, enabling the immediate implementation of
corrective measures to maintain the optimal operation of industrial motors.
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On vibration analysis, two renowned experts in the field, Jacobina (2022) and Landau (2023), emphasize that
vibration is a crucial indication of the health status of industrial induction motors. They point out that accurate
analysis of these vibrational patterns not only reveals existing problems, such as imbalances or wear and tear, but
also predicts potential imminent failures. Therefore, regular vibration monitoring is essential for proactive
maintenance, ensuring operational reliability and extending the service life of induction motors.

Engine Status

The evaluation of the status of the engines, as reflected in Table 3, provides a direct overview of what is happening
with these equipment. Engine 1 and Engine 3 are running fine with no apparent issues. Engine 2 is currently
undergoing routine maintenance, including lubrication, to ensure that it continues to operate without failure. On the
other hand, Engine 4 is on alert, and a visual inspection is planned to address any issues identified. These results
illustrate how vital it is to have a real-time monitoring system in place to take immediate action and maintain the
reliability of industrial motors.

Table 3:- Status of Induction Motors and Remote Communication.

Engine Current Status Actions Taken Date and Time of Last Update
Engine 1 In Operation No 13/09/2023 10:15
Engine 2 | Under Maintenance Lubrication 12/09/2023 14:30
Engine 3 In Operation No 13/09/2023 11:45
Engine4 | On Alert Visual Inspection 13/09/2023 09:00

Source: Authors (2023)

Table 3 provides a detailed view of the operating status of induction motors, highlighting the importance of real-
time monitoring for industrial efficiency. While Engines 1 and 3 operate smoothly, showing stability, Engine 2 is
undergoing preventative maintenance, including lubrication, as a proactive measure to ensure its continued
operation. However, Engine 4 is on alert, requiring a visual inspection due to potential detected issues. These results
emphasize the need for immediate responses in the face of anomalies, underscoring the effectiveness of the real-time
monitoring system to maintain the reliability of industrial motors.

In this context, leading experts in the field agree on the vital importance of proactive monitoring for the integrity of
industrial systems. According to the research of Mendonca (2022), Santos (2021), and Oliveira (2020), the ability to
quickly identify and resolve any operational deviation is crucial to avoid unscheduled downtime, reduce
maintenance costs, and maintain uninterrupted production, emphasizing the relevance of real-time monitoring in
modern industry.

Final Thoughts

The importance of networked data in the real-time monitoring of industrial induction motors through current and
vibration analysis also highlights the benefits achieved with the use of a microcontroller and remote communication.
Continuous collection and analysis of electrical current data and vibration patterns have proven to be crucial tools to
ensure efficiency, reliability, and safety in industrial processes. This data provided valuable insights that allowed for
the early identification of potential failures, the evaluation of engine performance, and the implementation of
proactive maintenance strategies. As a result, we have achieved optimized operation and have been able to
significantly reduce unscheduled downtime, which can have adverse financial impacts.

Current and vibration analysis has also aligned with the growing awareness of sustainability, contributing to the
optimization of the energy efficiency of motors. Through this data, we were able to identify opportunities for energy
savings, making our industrial processes more sustainable and economically viable. Worker safety is a primary
consideration in industries, and early detection of operational deviations through current and vibration analysis has
played a key role in creating safer and more secure work environments. This demonstrates the organization's
commitment to the safety and well-being of its staff.

The use of a high-performance, low-power microcontroller as the brain of the monitoring system allowed for
efficient processing of data in real time, enabling rapid detection of motor anomalies. Remote communication
provided flexible and convenient access to critical information, allowing operators and maintenance teams to make
informed decisions from anywhere and at any time. This paper demonstrated the effectiveness of an innovative
approach to the monitoring of industrial induction motors, highlighting the key role of networked data, the use of a
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microcontroller, and remote communication in the quest for greater efficiency, reliability, and safety in modern
industrial processes. This approach represents a significant advance in predictive maintenance and industrial asset
management, contributing to operational excellence and competitiveness in the industry.
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