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ABSTRACT: This paper presents a programmable logic controller (PLC)-based system for the real-time fault detection
and protection of three-phase induction motors. The proposed approach enhances motor safety by identifying common
faults such as phase loss, overcurrent, and overheating. Utilizing PLC technology ensures rapid response and increased
reliability in industrial applications. Sensor data is continuously monitored and processed to initiate protective
measures when abnormal conditions are detected. The system architecture allows for easy scalability and integration
with existing control frameworks. Emphasis is placed on minimizing motor downtime and reducing maintenance costs.
Experimental validation demonstrates the effectiveness and accuracy of the fault detection mechanism. The study
highlights the advantages of automation in motor protection compared to conventional relay-based systems. This work
contributes to improving operational efficiency and equipment longevity in automated environments.
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L. INTRODUCTION

Three-phase induction motors are widely used in industrial automation due to their durability, low cost, and ease of
operation. However, their reliability can be compromised by various electrical and mechanical faults such as phase
imbalance, overcurrent, overvoltage, undervoltage, and thermal overload. Conventional protection systems using
electromechanical relays or manual supervision are often inadequate. This paper explores the implementation of a PLC-
based protection scheme capable of real-time fault detection and mitigation.

By integrating real-time control with intelligent diagnostics, this project not only enhances the operational life of
induction motors but also supports the broader goals of industrial safety and automation efficiency.

II. LITERATURE REVIEW

The three-phase induction motor is widely used in industrial and commercial applications due to its simple
construction, low cost, and high reliability. However, like all electromechanical devices, it is prone to faults such as
phase loss, overload, voltage imbalance, and overheating. Over the years, various approaches have been explored to
detect and protect against these faults, ranging from basic relay-based systems to advanced automation using PLCs and
microcontrollers. This section reviews the key research contributions in this field and the role of programmable logic
controllers, particularly Delta PLCs, in improving fault detection and protection mechanisms.

Prior studies have emphasized the importance of early fault detection to prevent motor failure. PLCs offer advantages
such as programmability, flexibility, and seamless integration with sensors. successful detection of motor faults using
current and temperature sensors interfaced with PLCs. However, there remains a need for cost-effective, scalable
solutions tailored for various industrial setups.
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II1. SYSTEM DESIGN AND METHODOLOGY

3.1 Hardware Configuration

The system incorporates a three-phase induction motor, current transformers, voltage sensors, temperature sensors
(e.g., LM35), and a Delta PLC. The sensors collect real-time data, which is processed by the PLC to detect faults bas ed
on preset thresholds.

3.2 Software Implementation

Using ladder logic, fault conditions such as overcurrent, overvoltage, phase loss, and overtemperature are encoded. On
detection of anomalies, the PLC triggers an alarm and isolates the motor via a contactor, thus protecting the system.

IV. STRUCTURAL DESIGN

The system is built inside a control panel, housing all electrical and electronic components in a safe and organized
layout. The panel includes the Delta DVP-PLC, thermal overload relay, miniature electromagnetic relay, voltage
monitoring relay, temperature controller, and power supply module. All components are mounted on a DIN rail for
easy access and maintenance.

Wiring is carried out in such a way as to minimize electromagnetic interference and short circuits. Control signals are
separated from power lines, and all wiring is color-coded and labelled for clarity. The user interface includes push
buttons for Start, Stop, and Reset operations, along with LED indicators to display motor and fault status.

The Delta PLC is programmed using WPLSoft, Delta's ladder logic programming environment. The ladder diagram
includes inputs from relays and sensors, and outputs to control relays, alarm systems, and HMI interfaces if used. The
modular design of the system allows easy expansion or adaptation to different motor ratings and applications.

V. WORKING MECHANISM

The core of the protection system revolves around the Delta DVP-PLC, which processes input signals from various
sensing components and outputs control signals to actuate relays or alarms. The system works as follows:

A voltage monitoring relay checks the input three-phase supply for abnormalities such as phase failure, under-voltage,
or over-voltage. If any deviation is detected, the relay sends a signal to the PLC, which in turn stops the motor to
prevent damage.

A thermal overload relay is placed in series with the motor to monitor the current. When current exceeds the rated
value for a sustained period, it trips and signals the PLC to shut down the motor.

A temperature controller monitors the motor casing temperature via a sensor, such as a thermocouple or RTD. If the
temperature crosses a preset limit, the controller sends a high signal to the PLC.

Based on these inputs, the PLC evaluates fault conditions using pre-programmed ladder logic. When any fault is
detected, it deactivates the miniature electromagnetic relay or contactor, thereby cutting power to the motor.

Simultaneously, the PLC activates alarms and indicators such as buzzers or LED lights to alert the operator.

Additionally, voltmeters and ammeters are included for manual monitoring. A 24V DC power supply unit ensures a
steady and isolated control voltage to power the PLC and associated components.
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Fig5.1: WORKING MODEL
5.1 Fault Scenarios

The following fault types are simulated:

- Overcurrent due to mechanical overload

- Under voltage and Over voltage

- Phase loss from cable disconnection

- Overtemperature from poor ventilation

Each condition is tested and the PLC response is logged.

VI. RESULT AND DISCUSSION
The proposed system reliably detected faults in all tested scenarios. Response times were within acceptable industrial
standards (under 200ms). The Delta PLC effectively coordinated sensor input with logical control outputs,
demonstrating the feasibility of using PLCs for motor protection. Graphs and data tables illustrate system performance.

VII. FUTURE PROSPECTS

The current implementation provides an efficient solution for basic motor fault detection and protection. However,
further developments can significantly enhance system capabilities and adaptability.

One such improvement is the integration with SCADA or HMI systems for graphical monitoring, remote control, and
data logging. This would allow operators to analyse motor performance over time and make informed decisions.

Another enhancement is the addition of GSM or IoT modules to send real-time fault alerts via SMS or app notifications
to maintenance personnel.

Predictive maintenance can also be implemented by analysing sensor data trends, helping to anticipate faults before
they occur and schedule preventive service.

Energy monitoring tools can be incorporated to study power usage and implement load balancing strategies, improving
overall energy efficiency.

Finally, the system can be adapted for multiple motors or different types of machinery with minimal changes to the
software and hardware, increasing its industrial relevance.
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VIII. RECOMMENDATIONS

To ensure optimal performance and reliability, certain practices should be followed during and after installation:

Shielded cables should be used for sensor signals to avoid electrical noise and false triggering.

All sensors and relays must be calibrated regularly to maintain accuracy.

Operators should be trained to understand the alarms, reset mechanisms, and basic fault diagnosis procedures.
Backup copies of the PLC program should be stored securely for easy restoration in case of failure or corruption.
Periodic testing of the system should be performed under simulated fault conditions to verify system response and
make necessary updates.

IX. CONCLUSION

The integration of PLCs into induction motor protection systems significantly enhances fault detection capabilities. The
proposed system ensures motor longevity and operational safety while maintaining flexibility and ease of deployment.
Future work may explore integration with SCADA systems for remote monitoring and diagnostics.

The implementation of a PLC-based fault detection and protection system using the Delta DVP series provides a robust
and intelligent solution for safeguarding three-phase induction motors. The system demonstrates real-time fault
monitoring, fast protective action, and effective user alerts, which together enhance system safety and motor longevity.
Its modular, programmable, and expandable nature makes it suitable for various industrial environments. The
integration of such automation in motor protection not only reduces maintenance costs but also ensures continuous,
uninterrupted industrial operations.
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