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Abstract: /nduction motors, which operate continuously, such as those used in power plant cooling systems,
are at risk of failure that can result in significant losses, such as power outages when the turbine halts due
to overheating. Therefore, it is crucial to have a system that monitors the temperature of the induction
motor to detect potential overheating and facilitate maintenance. This study aims to design and test a
temperature monitoring system for induction motors using thermocouple sensors connected to an LCD
display. The methodology begins by identifying issues related to motors running non-stop, followed by a
review of relevant literature and system design. Once the system was built testing was conducted by
heating the probe and measuring the temperature with a thermometer to compare the readings with those
from the thermocouple sensor. The test results showed that the system accurately displayed the
temperature on the LCD, with an error margin that was calculated to evaluate the sensor's accuracy. Based
on these results, it can be concluded that the temperature monitoring system functions well and can be
used as a reliable overheat detection system for induction motors. This system is expected to simplify
maintenance processes and reduce the risk of motor damage caused by overheating. Additionally, the
integration of this technology in community-based power plant initiatives could enhance the sustainability
and safety of rural enerqy projects, ensuring a more reliable power supply for community empowerment
programs.
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Introduction industrial applications where mechanical
work is required, including driving large

Electric motors are devices that convert blowers for furnace  combustion,
electrical energy into mechanical energy. operating conveyors for  material

The induction motor is a type of electric
motor that operates based on the
principle of electromagnetic induction[1].
Unlike other motors, induction motors do
not receive an external voltage directly to
their rotor. Instead, the current in the
stator induces voltage through the air
gap in the rotor windings, generating
rotor current and a magnetic field, which
causes the motor to rotate [17]. Induction
motors are widely used in various

handling, and powering water pumps for
cooling systems.

Induction motors play a vital role in
powering many industrial processes,
converting  electrical energy into
mechanical power to drive equipment
like large-scale fans, pumps, and
conveyors[2][3]. Although these motors
are generally reliable, they can face
operational challenges that may lead to
severe damage, especially in continuous
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operations. For instance, motors in
critical infrastructure, such as power
plants or rural development projects,
may experience overheating due to
prolonged wuse or improper load
management[4]. Overheating is a major
concern because it can result in total
motor failure, which could lead to costly
repairs, operational downtime, and even
power outages that disrupt community
empowerment initiatives [12].

Temperature is a crucial indicator of a
system's heat intensity. High
temperatures indicate that an object has
accumulated a significant amount of
heat, while low temperatures suggest a
minimal heat content. This concept is
fundamental in understanding the
behavior of induction motors[5][6]. When
motors run for extended periods, their
internal temperature can rise, which, if
unchecked, may lead to overheating [7].
Overheating, or overheat, is a condition
where a motor exceeds its safe operating
temperature, often leading to equipment
failure. The primary causes of
overheating include excessive load,
inadequate cooling, or an imbalance
between the motor's capacity and the
load it is required to carry.

Overheating in induction motors can be
triggered by various factors, including an
overload that demands more power than
the motor is designed to handle[8]. This
can cause the motor's temperature to rise
to unsafe levels, affecting its efficiency
and longevity. Regular monitoring of the
motor's temperature is crucial to prevent
overheating and ensure the system's
reliability. In industrial and community
empowerment contexts, such as rural

energy  systems or  small-scale
manufacturing, preventing motor
damage through effective temperature
management is critical for maintaining
continuous operation and reducing
downtime.

To mitigate the risks of overheating,
temperature monitoring of induction
motors is essential throughout their
operation, from startup to shutdown[10].
One effective solution for this is using
temperature sensors such as LM35, which
are capable of providing real-time
temperature data to monitor and prevent
overheating. The implementation of such
monitoring systems, particularly in
community-based programs, ensures
that vital infrastructure  operates
efficiently and without interruption,
thereby supporting the sustainability and
success of community empowerment
initiatives [9].

Literature Study

The research aims to monitor vibrations and
temperature increases caused by induction
motors, which are critical in various
community-driven projects, such as rural
electrification and small-scale
manufacturing. Vibration and temperature
fluctuations in induction motors are
monitored regularly, from before the motor
starts operation until it is turned off [9]. This
ongoing monitoring ensures that the motors
used in community empowerment initiatives,
which are often vital for local infrastructure,
operate efficiently without risking damage
due to overheating or mechanical failures.

As industries advance, the integration of
automatic control systems has led to the
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development of devices that monitor various
electrical equipment. In sectors like oil and
gas, where motors play a crucial role in the
transfer of fluids such as fuel oil between
tanks, it is essential to monitor key
parameters like temperature and vibration.
These parameters can directly affect the
safety and reliability of the equipment, which
in turn impacts the success of community-
driven projects that rely on such equipment.
Real-time monitoring systems are thus
necessary to ensure optimal performance
and to prevent failures that could disrupt
local operations [7].

A thermocouple is a sensor that generates a
voltage difference due to temperature
variations between two different metals at
their junction[12]. One metal serves as a
reference, while the other acts as the
temperature sensor [18]. Thermocouples are
widely used in monitoring systems because
of their accuracy, reliability, and ability to
operate in various temperature ranges,
making them suitable for monitoring
temperature changes in induction motors
used in  community empowerment
applications.

Temperature is a critical indicator in research
and applications requiring stable conditions,
particularly when assessing the performance
of induction motors [14]. Regular
temperature measurements are essential to
track temperature variations over time. These
measurements can be stored and visualized
in the form of graphs, which help monitor the
motor's condition and predict potential
issues before they escalate. One of the most
effective sensors for this task is the type-K
thermocouple, known for its precision and
versatility in various monitoring systems [15].

The objective of this study is to compare the
accuracy of temperature measurement using
the resistance method and the K-type
thermocouple method for monitoring the
rise in motor winding temperatures. Accurate
monitoring is essential for community-based
initiatives, where overheating could lead to
equipment failure, interrupting critical
services [16].

The continuous monitoring of power plant
systems, such as the temperature of the
stator, rotor, and bearings of generator
motors, is crucial for ensuring uninterrupted
service. This requires operators to work in
shifts to back each other up. Without
constant monitoring of these parameters, the
likelihood of system failures or operational
downtimes increases, which can have a
significant impact on community
infrastructure, especially in rural or
underserved areas where power is essential
for daily activities [13].

In the monitoring process, data recording
media that can capture data continuously
from system startup to shutdown is also
necessary. This makes maintenance of
induction motors more manageable,
particularly in remote areas where immediate
access to technicians may not always be
available.

A data logger is an electronic device used to
record data from sensors and instruments. It
is typically small in size, battery-powered,
portable, and equipped with a
microprocessor and internal memory to store
data[17]. One of the key benefits of using
data loggers is their ability to automatically
collect data over long periods, such as 24
hours. Once activated, the data logger can be
left to record and monitor system
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performance  continuously,  which s
especially useful for community
empowerment projects that require constant
monitoring of equipment to ensure reliability
[11].

The data logger system used in this research
is built around an Arduino Nano module,
serving as the controller, and an SD card for
data storage. The stored measurement data
can be displayed in real-time, thanks to the
inclusion of an RTC (Real-Time Clock) and an
LCD screen to show sensor voltage and
current readings each second. The designed
data logger is crucial for storing
measurement results, and its real-time
display and storage features make it an
invaluable tool for community-based
monitoring and maintenance initiatives [14]

Methodology

This research employs a systematic and
comprehensive approach that begins with
the identification of core issues related to
continuously operating induction motors,
particularly ~ in  environments  where
overheating could lead to significant
operational failures[18]. The initial phase
focuses on diagnosing the primary
problem—motor overheating due to
extended use without proper temperature
monitoring—and understanding its potential
impact on performance and safety. Following
this, an extensive review of relevant literature
is conducted, focusing on existing methods
of motor temperature monitoring, failure
prevention, and system protection. This
literature review provides valuable insights
and serves as the foundation for
conceptualizing and designing a tailored

monitoring system that can effectively
address the identified issues.

Once the conceptual design is completed,
the system is constructed with careful
attention to its functionality and integration.
The device is then subjected to rigorous
testing under various conditions to assess its
performance, reliability, and accuracy. The
testing phase ensures that the monitoring
system works as intended, providing real-
time temperature readings and alerts for
potential overheating.

Additionally, this study is grounded in
internationally recognized standards for the
protection of induction motors, which
ensures that the developed monitoring
system complies with global safety and
operational guidelines[19]. By adhering to
these standards, the system not only offers a
practical solution for preventing motor
failure but also aligns with best practices in
industrial safety and efficiency. This research
emphasizes the dual importance of providing
effective, community-driven solutions while
maintaining compliance with established
norms, ensuring that the system is both
reliable and applicable to a wide range of
real-world applications, particularly in
community-based and industrial
settings[20].

Table 1. Insulation Class standart

Class Insulation =~ Temperature
A 105°C
B 130°C
F 155°C

H 180°C
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As shown in the table above, the protection
standards for motors, according to the
National Electrical Manufacturers Association
(NEMA), are classified based on their
insulation class. Each insulation class has a
specific temperature limit, designed to
protect the motor from damage caused by
excessive heat. Class A has a safe
temperature limit of up to 105°C, Class B up
to 130°C, Class F up to 155°C, and Class H has
the highest safe temperature limit of 180°C.
These  standards are internationally
recognized and serve as a reference for the
design and manufacture of electric motors.
Therefore, every electric motor produced will
specify its insulation class, providing crucial
information regarding the motor’s ability to
withstand certain operational temperatures
without damaging its insulation and internal
components. By including the insulation
class, manufacturers ensure that the motors
meet safety and performance requirements
in accordance with applicable global
standards.
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Figure 2. RTDikesisz‘anc Table

Results

Once the concept of the device was
determined, the research progressed to the
creation of the physical device designed to
monitor the temperature of the induction
motor. The developed system is equipped
with a temperature sensor connected to a
16x2 LCD display to show real-time
temperature readings. The device was tested
by comparing the data displayed on the LCD
with the temperature measurements taken
using a thermometer as a reference tool. This
comparison between the two devices
provides insight into the accuracy of the
developed system. By evaluating the
measurement results, it is possible to assess
the extent to which the temperature sensor
used can produce valid and accurate data.
The following table presents the test results
conducted in this study. It includes the
temperature data recorded by the sensor,
along with a comparison to the temperature
values obtained using the thermometer,
allowing for the evaluation of the consistency
and reliability of the device created.

Table 2. Result comparasion
No Thermometer Research tool

1 25 23
2 35 32
3 45 42
4 55 53
5 70 67
6 75 73

This table shows the temperatures measured
by the thermometer in the first column, while
the second column displays the
corresponding readings from the research
tool. As observed, the readings from the
research tool are slightly lower than those
from the thermometer, indicating a small
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error in measurement. The difference
between the two sets of readings helps
assess the accuracy of the research tool. In
general, the tool's measurements are close to
the values obtained with the thermometer,
demonstrating that the research tool
provides reliable temperature data, though
minor adjustments may be needed for
perfect calibration.

Discussions

Based on the tests conducted, the system
functions according to the initial concept.
The sensor's ability to read temperature
works as expected, as evidenced by the
temperature readings displayed on the 16x2
LCD. However, when evaluating the sensor's
performance through the provided table, it
becomes apparent that the accuracy level is
slightly lower than desired.

Previous research using the LM35 sensor [17]
showed higher accuracy with lower error
margins. However, the LM35 sensor's ability
to read temperature is not suitable for
measuring the higher heat levels generated
by electrical motors, as it is not designed to
handle the elevated temperatures that
induction motors typically produce.

Additionally, the temperature sensor used in
this study, a thermocouple, shows slightly
lower sensitivity compared to other sensors.
This is due to a minor delay in measurement,
as the metal sheath at the sensor's tip hinders
the heat transfer, causing a slower response
time. Despite this, the thermocouple remains
a viable option for temperature monitoring
in this application, offering sufficient
performance for community-focused
projects  where  cost-efficiency  and
robustness are key.

Conclusion

From the results of the prototype
development process, which includes concept
design, component procurement,
programming, assembly, and testing, it can be
concluded that the prototype functions as
intended based on the initial concept. The use
of thermocouple sensors is preferred due to
their higher temperature measurement range.
However, a limitation arises from the metal
sheath, which slightly reduces the speed of
temperature reading. Despite this, the values
displayed on the LCD are consistent with the
measured values, and no significant issues
have been encountered that would affect the
overall functionality of the system.

This prototype can be effectively implemented
in community empowerment programs,
offering an affordable and reliable solution for
monitoring temperature in induction motors,
thus contributing to improved maintenance
practices and reducing the risk of motor
damage due to overheating.
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