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Abstract- Unanticipated machinery failures in industrial 

environments, arising from overheating, excessive vibration, 

electrical faults, or fire, can result in severe equipment 

damage, operational downtime, and safety hazards. This study 

presents a novel IoT-based hardware-interlocked protection 

system designed for real-time monitoring and autonomous 

fault prevention in industrial machines. Central to the system 

is the ESP32 microcontroller, selected for its reliable real-

time performance and integrated Wi-Fi capabilities, enabling 

seamless connectivity with IoT platforms. A comprehensive 

network of sensors  including temperature, vibration, fire, 

voltage, and current detectors continuously assesses critical 

machine parameters. Deviations beyond pre-established safety 

thresholds automatically activate protective responses, such 

as audible alerts via a buzzer, fault notifications on an LCD 

display, and hardware interlocking through relays that 

immediately interrupt motor supply. Simultaneously, the 

system transmits sensor readings and fault occurrences to a 

cloud-based platform, supporting remote monitoring, fault 

logging, and analytical evaluation for maintenance 

optimization. By integrating hardware interlocking with IoT-

driven supervision, the proposed framework reduces 

dependence on manual observation, ensures rapid response to 

anomalies, and enhances overall operational safety. Its cost-

effectiveness, adaptability, and scalability make it suitable for 

diverse industrial settings, aligning with smart manufacturing 

and Industry 4.0 principles. The solution not only improves 

machine reliability but also extends equipment lifespan 

through predictive maintenance and proactive fault 

management. This work demonstrates that coupling IoT 

intelligence with tangible interlocking mechanisms establishes 

a robust, proactive strategy for industrial machine protection 

 

Keywords: Industrial Internet of Things, Hardware Interlock, 

Machine Protection, ESP32, Predictive Maintenance, Smart 
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I. INTRODUCTION 

 

In modern industrial ecosystems, machinery forms 

the backbone of production, yet these systems are increasingly 

susceptible to unforeseen faults arising from thermal stress, 

mechanical vibrations, electrical irregularities, or fire hazards. 

Such anomalies, if undetected, can cascade into catastrophic 

equipment failures, unplanned downtime, and serious safety 

risks for personnel. Traditional monitoring approaches rely 

heavily on human intervention, manual inspection, and routine 

maintenance schedules, which often lack the responsiveness 

required to mitigate sudden operational disturbances. With the 

rise of smart manufacturing and Industry 4.0 paradigms, there 

is a compelling need to transition from reactive maintenance 

strategies toward predictive, automated supervision that 

integrates real-time monitoring and rapid fault response. 

 

II. OBJECTIVES 

 

The primary objective of this study is to develop a 

comprehensive framework for industrial machine protection 

that integrates real-time monitoring, fault prevention, and 

automated safety intervention, thereby advancing the 

principles of smart manufacturing. Modern industrial 

machinery operates under complex physical, electrical, and 

thermal stresses that can evolve unpredictably, often resulting 

in operational interruptions, equipment deterioration, and 

safety hazards. Traditional maintenance practices, which 

largely rely on scheduled inspections and manual supervision, 

are increasingly inadequate to respond to dynamic and 

unforeseen fault conditions. Consequently, there exists a 

critical need to design a system that can autonomously identify 

deviations from optimal operating parameters and initiate 

corrective actions without human intervention. 

 

III. ENHANCED CRUSHING MACHINE FOR 

OPTIMIZED EFFICIENCY AND OVERLOAD 

PROTECTION 

 

This study presents an IoT-enhanced crushing 

machine designed to optimize operational efficiency while 

ensuring overload protection in industrial environments. The 

authors emphasize the need for real-time monitoring of 

mechanical and electrical parameters to prevent unexpected 

downtime and damage. By integrating a network of sensors to 

track load, vibration, and temperature, the system is capable of 

detecting anomalous conditions that may indicate mechanical 

stress or operational overload. The data collected by the 

sensors is transmitted via IoT protocols to a central processing 

unit where predictive algorithms evaluate the risk of machine 

failure. The study demonstrates simulation results highlighting 
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the effectiveness of adaptive control strategies in maintaining 

operational efficiency while mitigating damage risk. The 

research provides a comprehensive approach to incorporating 

IoT in traditional industrial machinery, showing that 

combining sensor-based feedback with automated control not 

only enhances safety but also contributes to optimized 

resource usage and longer service life. The authors discuss 

practical implications, such as reducing manual supervision 

and enabling remote operational monitoring. This work 

contributes to the broader field of smart manufacturing by 

illustrating how predictive analytics and IoT integration can 

transform conventional crushing machines into intelligent, 

self-regulating systems, enhancing productivity while 

reducing maintenance costs and downtime. 

 

IV. EXISTING SYSTEM 

This study presents an IoT-enhanced crushing 

machine designed to optimize operational efficiency while 

ensuring overload protection in industrial environments. The 

authors emphasize the need for real-time monitoring of 

mechanical and electrical parameters to prevent unexpected 

downtime and damage. By integrating a network of sensors to 

track load, vibration, and temperature, the system is capable of 

detecting anomalous conditions that may indicate mechanical 

stress or operational overload. The data collected by the 

sensors is  

 

At the core of the system is the ESP32 

microcontroller, selected for its reliable real-time processing, 

low power consumption, and integrated Wi-Fi capabilities. 

The microcontroller serves as the central hub, interfacing 

transmitted via IoT protocols to a central processing unit 

where predictive algorithms evaluate the risk of machine 

failure. The study demonstrates simulation results highlighting 

the effectiveness of adaptive control strategies in maintaining 

operational efficiency while mitigating damage risk. The 

research provides a comprehensive approach to incorporating 

IoT in traditional industrial machinery, showing that 

combining sensor-based feedback with automated control not 

only enhances safety but also contributes to optimized 

resource usage and longer service life. The authors discuss 

practical implications, such as reducing manual supervision 

and enabling remote operational monitoring. This work 

contributes to the broader field of smart manufacturing by 

illustrating how predictive analytics and IoT integration can 

transform conventional crushing machines into intelligent, 

self-regulating systems, enhancing productivity while 

reducing maintenance costs and downtime. 

 

 

 

 

V. PROPOSEDSYSTEM 

 

The proposed system presents a holistic approach to 

industrial machine protection by integrating real-time 

monitoring, automated fault mitigation, and predictive 

analytics within a single framework. Unlike conventional 

setups, which primarily rely on reactive measures and manual 

intervention, this system is designed to anticipate anomalies, 

respond instantaneously to unsafe conditions, and provide 

actionable insights for maintenance and operational 

optimization. By combining IoT intelligence, embedded 

control, and hardware interlocking mechanisms, the 

framework addresses the multifaceted challenges of modern 

industrial operations while aligning with the principles of 

smart manufacturing and Industry 4.0. 

 

with a network of sensors that continuously monitor 

critical operational parameters, including temperature, 

vibration, voltage, current, and fire risk. These sensors provide 

comprehensive coverage of potential failure modes, allowing 

the system to detect subtle deviations before they escalate into 

serious faults. Any parameter that crosses predefined safety 

thresholds triggers a multi-layered protective response, 

ensuring both immediate mitigation and long-term operational 

insight. 

  

 

 

VI. FLOW CHART 

 

The flowchart of the IoT-based industrial machine 

protection system illustrates the systematic sequence of 

operations that enables real-time monitoring, fault detection, 

and automated mitigation in industrial machinery. It represents 

a logical framework where sensor inputs, microcontroller 

processing, output alerts, and hardware interlocks operate in a 

coordinated, cyclic manner to maintain operational safety and 

efficiency. The flowchart begins with the Power Supply Unit, 

which energizes all system components, including sensors, the 
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ESP32 microcontroller, output devices such as the LCD and 

buzzer, and the relay controlling the DC motor. A stable 

power supply is critical to ensure the reliability of both signal 

acquisition and the execution of protective actions. 

 

VII. ESP32 MICROCONTROLLER 

 

The ESP32 is an exceptionally versatile and powerful 

microcontroller designed for a wide range of Internet of 

Things (IoT) applications. Developed by Espressif Systems, it 

integrates advanced features, including built-in Wi-Fi and 

Bluetooth capabilities, which facilitate seamless connectivity 

to the internet and other devices. At its core, the ESP32 is 

powered by a dual-core Tensilica LX6 processor, capable of 

running at speeds up to 240 MHz, enabling it to handle 

multiple tasks simultaneously. This makes it suitable for 

complex applications that require significant processing 

power, such as real-time data analytics and control systems. 

 

VIII. LCD 

 

A liquid crystal display (LCD) is a flat panel 

display, electronic visual display, or video display that uses 

the light modulating properties of liquid crystals. Liquid 

crystals do not emit light directly. LCDs are available to 

display arbitrary images (as in a general-purpose computer 

display) or fixed images which can be displayed or hidden, 

such as preset words, digits, and 7-segment displays as in 

a digital clock. They use the same basic technology, except 

that arbitrary images are made up of a large number of 

small pixels, while other displays have larger elements. An 

LCD is a small low cost display. It is easy to interface with a 

micro-controller because of an embedded controller (the black 

blob on the back of the board). This controller is standard 

across many displays (HD 44780) which means many micro-

controllers (including the Arduino) have libraries that make 

displaying messages as easy as a single line of code. 

 

IX. VIBRATION SENSOR 

 

A vibration sensor is a device that measures the 

oscillations, displacement, or movement of an object caused 

by a mechanical vibration. These sensors are used to detect 

mechanical motion and vibrations in various systems, 

machinery, or environments. They can sense both the intensity 

and frequency of the vibrations, which is critical for 

maintenance, control systems, and safety in industrial 

applications. 

 

 

 

 

X. VOLTAGE SENSOR 

 

A simple but very useful module which uses a 

potential divider to reduce any input voltage by a factor of 5. 

This allows you to use the analogue input of a microcontroller 

to monitor voltages much higher than it capable of sensing. 

For example with a 0-5V analogue input range you are able to 

measure a voltage up to 25V. The module also includes 

convenient screw terminals for easy and secure connection of 

a wire. 

 

XI. CURRENT SENSOR 

 

A current sensor is a device used to detect and 

measure the amount of current flowing through a conductor. 

These sensors are crucial in various applications, such as 

power monitoring, battery management, motor control, and 

energy metering. 

 

 
 

XII. DC MOTOR 

 

A DC motor is a mechanically commutated electric 

motor powered from direct current (DC). The stator is 

stationary in space by definition and therefore the current in 

therotor is switched by the commutator toalsobestationary in 

space. This is how the relative angle between the stator and 

rotor magnetic flux is maintained near 90 degrees, which 

generates the maximum torque. DC motors have a rotating 

armature winding (winding in which a voltage is induced) but 

non-rotating armature magnetic field and a static field winding 

(winding that produce the main magnetic flux) or permanent 

magnet. Different connections of the field and armature 

winding provide different inherent speed/torque regulation 

characteristics. The speed of a DC motor can be controlled by 

changing the voltage applied to the armature or by changing 

the field current. The introduction of variable resistance in the 

armature circuit or field circuit allowed speed control. Modern 

DC motors are often controlled by power electronics systems 

called DC drives. 
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XIII. RELAY 

 

A relay is an electrical switch that opens and closes 

under the control of another electrical circuit. In the original 

form, the switch is operated by an electromagnet to open or 

close one or many sets of contacts. It was invented by Joseph 

Henry in 1835. Because a relay is able to control an output 

circuit of higher power than the input circuit, it can be 

considered to be, in a broad sense, a form of an electrical 

amplifier 

 

XIV. RESULT 

 

The implementation of the IoT-based industrial 

machine protection system demonstrated significant 

improvements in operational safety, fault detection, and 

predictive maintenance capabilities. The system successfully 

integrated real-time monitoring, hardware interlocking, and 

cloud-based analytics, establishing a multi-layered defense 

against mechanical, thermal, and electrical anomalies. 

Continuous data acquisition from vibration, temperature, fire, 

voltage, and current sensors allowed the ESP32 

microcontroller to assess operational conditions 

instantaneously, enabling proactive identification of deviations 

from predefined safety thresholds. 

 

XV. CONCLUSION 

 

The development and implementation of the IoT-

based industrial machine protection system represent a 

significant advancement in industrial safety and operational 

intelligence. By integrating real-time sensor monitoring, 

hardware interlocks, and cloud-enabled analytics, the system 

addresses the limitations of traditional fault detection 

mechanisms and establishes a comprehensive framework for 

proactive machine protection. The combination of vibration, 

temperature, fire, voltage, and current sensors with the ESP32 

microcontroller enables continuous evaluation of critical 

machine parameters, allowing deviations from safe operational 

thresholds to be identified instantaneously. 

 

XVI. FUTURE ENHANCEMENT 

 

The future enhancement of the IoT-based industrial 

machine protection system focuses on increasing automation 

intelligence, expanding scalability, and incorporating 

advanced analytics to further optimize industrial safety and 

operational efficiency. One potential improvement involves 

integrating artificial intelligence (AI) and machine learning 

(ML) algorithms to process historical sensor data collected 

through the IoT cloud. By analyzing patterns in vibration, 

temperature, electrical loads, and environmental conditions, 

the system could predict faults with higher precision, 

dynamically adjusting safety thresholds based on operational 

trends and machine wear. This predictive intelligence would 

allow the system to preemptively intervene, reducing 

downtime and extending equipment lifespan. 
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