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Industrial machines are highly specialized equipment used in manufacturing and 
production processes. However, malfunctions or deterioration in their electrical, 
pneumatic, or hydraulic systems can lead to overheating, posing risks to the working 
environment and causing production downtime and financial losses. The objectives 
of this study are to develop an industrial machine overheat detection system using 
a microcontroller, monitor and control machine temperature, and measure the 
response rate of the system for overheat detection. The project implemented 
various components, including programmable logic controller (PLC) Siemens S7-
1200, Thermocouple K-type, Max 6675 module, Arduino Uno, buzzer, relay, light 
crystal display (LCD) with I2C module, cooling fan, Arduino Ethernet shield, and 
project structure, to ensure the successful operation of the industrial machine 
overheat detection system. The results of the project focused on analysing the 
response rate of the temperature sensor when an overheat event occurs. By 
measuring this response rate, insights can be gained into the effectiveness of the 
system in promptly detecting and responding to overheat conditions. This research 
study aims to contribute to the understanding of overheating consequences, 
implement preventive measures, and address the issues associated with industrial 
machine overheating. 
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1. Introduction 
 

Industrial machines play a vital role in manufacturing, optimizing tasks and improving product 
quality while minimizing labor costs [1]. However, the reliance on electric motors in these machines 
can lead to overheating, posing risks to both performance and user safety [2]. The lack of proper 
ventilation exacerbates this issue, creating a potential fire hazard and hindering heat dissipation [3]. 
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Shih, Horng, and Lee (2016)’s research underscores the connection between machinery 
overheating and fire casualties, with root causes often traced to component failures like heaters [4]. 
In response, the proposed Industrial Machines Overheat Detection System aims to prevent 
overheating, utilizing a microcontroller to monitor real-time temperatures and alert users to 
potential issues before they escalate. This proactive approach enhances overall industrial safety, 
protecting machine components, prolonging lifespan, and ensuring optimal functionality. 
 
1.1 Issues Existed in Equipment 
 

In a recent study, researchers conducted an investigation into equipment failures and presented 
their findings in a pie chart, as depicted in Figure 1 [4]. Utilizing root cause analysis, the study 
collected data to identify key factors contributing to equipment failures, with a specific focus on 
incidents leading to fires. The data highlighted four primary issues: malfunction, overheating 
machinery, oil leakage, and poor machine operation. 

 

 
Fig. 1. Equipment Failure Fire Casualty Based on Root Causes Breakdown in Percentages 

 
Based on the provided data, it can be inferred that overheating machinery is the second most 

significant issue in equipment that contributes to equipment failure, potentially leading to fire 
incidents. Hence, it is appropriate to undertake this project aimed at developing an overheating 
detection system to effectively prevent such accidents from occurring. 
 
1.2 Consequences of Overheating 

 
Machine or equipment malfunctions pose various risks with outcomes contingent upon factors 

like severity and machinery type [5]. Particularly, unanticipated mechanical failures in rotating 
machinery can have severe consequences, and overheating exacerbates the risks. Overheating in 
machines can lead to safety hazards, causing fire accidents and jeopardizing worker’s well-being [4]. 
A case study in agriculture highlighted that machine parts' overheating poses a significant fire risk, 
impacting worker safety [6]. In industrial settings, overheating electrical motors can result in 
machinery damage, incurring substantial downtime and repair costs [7]. A study analyzing downtime 
in vibrating screen machines found that extensive repairs, lasting 75.8 hours, led to a production loss 
of 5,269.85 tons, valued at Rp. 580,382,000 [8]. Financial losses due to overheating underscore the 
critical importance of addressing these issues promptly. Additionally, overheating in electrical 
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components can compromise long-term sustainability by diminishing equipment performance and 
the durability of wires [9]. For instance, the operation of a computerized numerical control (CNC) 
milling machine induces heat in its electrical components, contributing to temperature elevation and 
potential performance degradation. Overall, addressing overheating issues is imperative to mitigate 
safety risks, financial losses, and long-term sustainability concerns in diverse industrial contexts. 
 
1.3 Preventive Measures to Overcome the Overheating Machinery 

 
To prevent harmful accidents resulting from machine overheating and to minimize financial 

losses associated with machinery damage, proactive measures are crucial. Temperature monitoring 
in induction motor drives poses a challenge, with variations affecting the machine's lifespan and 
control performance [10]. To address this, an online monitoring technique for tracking rotor and 
stator temperature in field-oriented induction motor drives can be employed to prevent hazardous 
overheating, emphasizing the importance of preventive measures.  

Additionally, to avoid excessive heat build-up in large industrial motors, the implementation 
of a cooling system can be explored to reduce critical temperatures in wires, enabling 
superconducting capabilities [11]. A study evaluating a cooling system during the conceptual design 
phase of a 100-HP high-temperature superconducting synchronous motor highlights the potential for 
preventing overheating through innovative engineering solutions. Furthermore, an Ant Colony 
Optimization (ACO) technique was utilized to establish an optimal maintenance schedule, minimizing 
the risk of machine failures and disruptions in production by strategically implementing preventive 
maintenance intervals based on historical breakdown data [12]. By incorporating these strategies, 
including temperature monitoring, cooling systems, and optimized maintenance schedules, 
organizations can effectively prevent overheating issues, ensuring both worker safety and sustained 
machinery performance. Machine or equipment malfunctions pose various risks with outcomes 
contingent upon factors 
 
2. Methodology  

 
This project runs controller and microcontrollers, PLC and Arduino Uno, to support the 

detection system. Thermocouple k-type is a temperature sensor that senses the machine's heat and 
sends data into Arduino using the Max 6675 module connection Uno. After the Arduino received the 
temperature data, it could be monitored through the LCD. Besides that, PLC that interfaces with 
Arduino Uno would receive data if the temperature is heating up. It could switch on the cooling fan 
to minimize the heat. When the machine overheated, PLC sent a signal to the relay and cut off the 
supply voltage, which acts as an emergency shutdown. Also, the buzzer was switched on to indicate 
that the machine is overheating. Therefore, this project controls the machine's heat and power 
supply to reduce the impact of overheating on the machine. 

In this project, both Arduino and PLC were utilized for programming development. The 
programming flow established the input temperature threshold for overheating based on the 
machine's temperature limit. The input temperature was also set to control the temperature using a 
cooling fan. A thermocouple was employed to gather machine temperature data, which was then 
displayed on an LCD screen for user monitoring. The programming logic used conditional statements 
(if-else) to check if the reading temperature matches the set input temperature. Arduino sent a signal 
to the PLC when the two temperatures are equal or more than. Subsequently, the PLC performed 
several actions, including activating the cooling fan, cutting off electricity through the relay, and 
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triggering an alert using a buzzer to notify the user. Figure 2 displays the process flowchart of the 
project.  
 

 
Fig. 2. Process flowchart of the project 

 
3. Results  
3.1 The developed prototype 
 

 The electrical wiring for this prototype involved the interconnection of PLC S7-1200, Ethernet 
shield, and Arduino Uno. All the connections were made in a terminal block, and they were extended 
to other devices and instruments. To ensure the integrity of each connection, a testing process was 
implemented using a multimeter to check for continuity. This was done to confirm the smooth flow 
of electricity without any leaks or broken wires. As a safety measure and for a tidy arrangement of 
wires, cable lugs were employed to establish better connections in the terminal block. Electronic 
devices are soldered together in one PCB board which the connection for LCD, MAX6675 module, 
buzzer, 5V and ground that connected to Arduino Uno. This is shown in Figure 3. 

 
3.2 Response rate of the system when overheating occurs 

 
Table 1 presents the results obtained indicating the response of the system when detecting 

overheating. This reflects the conditions under which the system reacts, activating the cooling fan 
and cutting off the power supply when necessary. 

The graph illustrated in Figure 4 indicated that the increase and decrease in temperature for the 
equipment exhibit similar time durations. This observation suggests that the cooling fan efficiently 
works to rapidly cool down the equipment when transitioning from an elevated temperature to a 
working temperature state. 
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Fig. 3. Electrical setup and arrangement for the prototype 

 
Table 1 
Collected data on response of the system when overheating occurred 

No. Time 
machine on 

Initial 
Temp. 
(oC) 

Time Fan 
on 

Temp. 
machine 
(Fan On) 
(oC) 

Time 
Machine 
Off 

Temp. 
Machine 
Off 
(oC) 

1 2:50 PM 34 3:04 PM 50 3:55 PM 70 
2 4:50 PM 45 4:55 PM 50 5:45 PM 70 
3 6:40 PM 45 6:45 PM 50 8:08 PM 70 
4 8:55 PM 45 8:59 PM 50 9:59 PM 70 

 

 
Fig. 4. Graph reflecting the response of the system when overheating occurred 
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4. Conclusions 
 

The development of the industrial machine overheat detection system has been a resounding 
success. The objectives in this project have been achieved by creating a robust and reliable system 
that not only detects overheating but also actively monitors and controls industrial machine 
temperatures. The measured response rate showcases the system's efficiency in handling overheat 
scenarios, highlighting its potential to significantly contribute to industrial safety and machine 
performance. Moving forward, further optimization and integration with existing industrial systems 
could enhance the scalability and applicability of this technology across various sectors. The 
successful completion of this project marks a significant step towards ensuring the reliability and 
longevity of industrial machines through temperature monitoring and control systems. 
 
Acknowledgement 
The authors wish to extend their appreciation to the University of Kuala Lumpur, Malaysian Institute 
of Industrial Technology (UniKL MITEC) for providing funding for the research. 
 
References 
[1] Hassan, Gbelekale. “The Emergence of Modern Tools and Machinery of Production: Benefits, Side-Effects and Way 

Forward.” Applications of Technology and Computer Science in Modern Business, Modern Technology, Adoption 
of Modern Technology in Agriculture, 2019: 1-11.  
https://www.academia.edu/40169301/The_Emergence_of_Modern_Tools_and_Machinery_of_Produc
tion_Benefits_Side_Effects_and_Way_Forward 

[2] Setyaningsih, Emy, Satriawan Dini Hariyanto, Dewi Wahyuningtyas, and Samuel Kristiana. "Performance 
improvement of the shredder machines using IoT-based overheating controller feature." Jurnal Infotel 14, no. 4 
(2022): 329-337. https://doi.org/10.20895/infotel.v14i4.812 

[3] Mahmoud, Salama. “Electrical Components Overheating – Causes, Troubles, Prevent.” Inst Tools. January 22, 2023. 
https://instrumentationtools.com/electrical-components-overheating 

[4] Shih, Cheng-Chan, Richard S. Horng, and Shin-Ku Lee. "Investigation of lab fire prevention management system of 
combining root cause analysis and analytic hierarchy process with event tree analysis." Mathematical Problems in 
Engineering 2016, no. 1 (2016): 3161823. https://doi.org/10.1155/2016/3161823 

[5] Jia, Zhen, Zhenbao Liu, Chi-Man Vong, and Michael Pecht. "A rotating machinery fault diagnosis method based on 
feature learning of thermal images." IEEE Access 7 (2019): 12348-12359. 
https://doi.org/10.1109/ACCESS.2019.2893331  

[6] Tomašková, Marianna, Darina Matisková, and Michaela Balážiková. "Case Study to Determine the 
Causes of Fire in Agriculture." Advances in Science, Technology and Engineering Systems Journal 5, no. 
5 (2020): 11-15. https://dx.doi.org/10.25046/aj050502 

[7] Liang, Xiaoxia, Fang Duan, Ian Bennett, and David Mba. "A Comprehensive Health Indicator Integrated by the 
Dynamic Risk Profile from Condition Monitoring Data and the Function of Financial Losses." Energies 14, no. 1 
(2020): 28. https://doi.org/10.3390/en14010028 

[8] Anuar, Kaspul, Herisiswanto Herisiswanto, and Aqsal Fahrizqa. "Study of Vibrating Screen Machine Damage in Stone 
Crusher and Its Effect on Production Loss in Cement Factory." MOTIVECTION: Journal of Mechanical, Electrical and 
Industrial Engineering 5, no. 1 (2023): 75-84. https://doi.org/10.46574/motivection.v5i1.133 

[9] Nguyen, Quoc Hung, Toan Bao Pham, Luan Cong Vuong, and Nhi Kieu Ngo. "Proposing a solution to reduce heat for 
control cabinet of self-made CNC milling machine." VNUHCM Journal of Engineering and Technology 4, no. SI2 
(2021): SI76-SI90. https://doi.org/10.32508/stdjet.v4iSI2.943 

[10] Foti, Salvatore, A. Testa, S. De Caro, G. Scelba, and G. Scarcella. "Sensorless rotor and stator temperature estimation 
in induction motor drives." In 2020 ELEKTRO, pp. 1-6. IEEE, 2020. 
https://doi.org/10.1109/ELEKTRO49696.2020.9130311 

[11] Ock, Jong-Ho, Sang-Deok Moon, Hwa-Sun Lee, and Kyung-Soo Shin. "Developing an improved water discharge 
anchor & trap bolt to prevent basic salt penetration to harbor structures." Journal of the Korea Academia-Industrial 
cooperation Society 19, no. 4 (2018): 674-682. https://doi.org/10.5762/KAIS.2018.19.4.674 

https://www.academia.edu/40169301/The_Emergence_of_Modern_Tools_and_Machinery_of_Production_Benefits_Side_Effects_and_Way_Forward
https://www.academia.edu/40169301/The_Emergence_of_Modern_Tools_and_Machinery_of_Production_Benefits_Side_Effects_and_Way_Forward
https://doi.org/10.20895/infotel.v14i4.812
https://instrumentationtools.com/electrical-components-overheating
https://doi.org/10.1109/ACCESS.2019.2893331
https://doi.org/10.3390/en14010028
https://doi.org/10.46574/motivection.v5i1.133
https://doi.org/10.32508/stdjet.v4iSI2.943
https://doi.org/10.1109/ELEKTRO49696.2020.9130311
https://doi.org/10.5762/KAIS.2018.19.4.674


Journal of Advanced Research Design 
Volume 145, Issue 1 (2026) 103-109 

109 
 

[12] Soenandi, Iwan Aang, and Teuku Emily Budiman. "Optimization of industrial machine maintenance scheduling using 
ant colony method." In MATEC Web of Conferences, vol. 204, p. 02001. EDP Sciences, 2018. 
https://doi.org/10.1051/matecconf/201820402001 

https://doi.org/10.1051/matecconf/201820402001

