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Abstract

Stepper motors are commonly used in applications that require accurate position control such as robotics,
automation, and industrial systems. However, their performance can be affected by issues like
overheating, load variations, and mechanical stress, which may lead to failure. In this project, a predictive
failure control system is designed using a Proportional-Integral-Derivative (PID) controller. The system
continuously monitors parameters such as speed, position, and load conditions to identify abnormal
behaviour at an early stage. Based on this analysis, corrective actions are applied before failure occurs.
The PID controller helps in maintaining system stability by reducing error and improving response time.
Experimental results show that the system minimizes overshoot and enhances reliability. This approach is
suitable for realtime applications where consistent performance is required.
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Introduction

Stepper motors are widely used in systems where precise motion control is required, such as CNC machines, robotic arms, and positioning
systems. These motors are preferred due to their accuracy and simple control mechanism. However, during operation, they may
experience problems such as overheating, excessive load, and mechanical wear, which can eventually lead to system failure.

Traditional control methods usually respond only after a fault has occurred. This leads to system downtime and reduced efficiency. To
overcome this limitation, predictive failure control techniques are used to detect issues at an early stage.
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Fig 1. Block diagram of predictive failure control system using PID controller

In this project, a predictive failure control system based on a PID controller is implemented. The system continuously monitors motor
parameters and adjusts the control signal to maintain stable operation. The PID controller reduces error and ensures smooth performance.
This not only improves efficiency but also increases the lifespan of the motor.

Experimental protocols

The proposed system consists of a stepper motor integrated with sensors to measure parameters such as speed, position, and load. A
microcontroller is used to process the sensor data and implement the PID control algorithm.

The PID controller works based on three components: proportional, integral, and derivative. The proportional term reacts to the present
error, the integral term considers the accumulated error over time, and the derivative term predicts future trends of error.

The mathematical representation of PID controller is given by:
u(t) = Kp-e(t) + Kif e(t)dt + Kd(de(t)/dt)
where e(t) represents the error between desired and actual output.

Proper tuning of Kp, Ki, and Kd values is important to achieve stable and efficient performance. Data is collected under different
operating conditions, and the controller adjusts the motor input dynamically to avoid instability and potential failure.
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Fig 2. Internal structure of PID controller showing proportional, integral and derivative action.
Results and Discussion

The implementation of the PID-based predictive control system shows a noticeable improvement in the performance of the stepper motor.
The system reduces steady-state error and provides a smoother response compared to traditional control methods
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During testing under different load conditions, the controller maintained stable operation and prevented sudden failures. It was observed
that abnormal conditions such as speed fluctuation and vibration were detected early
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Fig 3. Flowchart of predictive failure detection and control process

Abnormal C
Detected?

Based on these observations, corrective actions were applied in real time, which helped in avoiding system breakdown. The predictive
nature of the system improves efficiency and reduces maintenance requirements.

Conclusion

This project presents a predictive failure control system for stepper motors using a PID controller. The system successfully detects early
signs of failure and takes corrective actions to maintain stable operation. The use of PID control improves response time, reduces error,
and enhances overall performance.

The proposed system helps in reducing maintenance costs and increasing reliability. It can be further extended to other motor control
applications in industrial automation systems.

Acknowledgements

The authors express their sincere gratitude to the Department of Electronics and Communication Engineering, Bharati Vidyapeeth
Deemed to be University College of Engineering, Pune, for providing the necessary facilities and support. The authors also thank their
project guide, Dr. Arundhati A. Shinde, for her valuable guidance and encouragement throughout the project.

References
1. K. Ogata, Modern Control Engineering, Prentice Hall, 2010.
B.C. Kuo, Automatic Control Systems, Wiley, 2014.
N. Nise, Control Systems Engineering, Wiley, 2018.
PID Control of Stepper Motor Systems, IEEE Journal, 2022.

Predictive Maintenance in Industrial Systems, Elsevier, 2021.

“wokh wN

111



