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ABSTRACT

Vibration in rotor systems significantly affects the operational reliability and lifetime of rotating
machinery. Active Magnetic Bearings (AMBs) provide a promising solution by supporting rotors
without physical contact, enabling active vibration control and improved performance. This
manuscript reviews the fundamentals of vibration in rotor systems, examines the principles of AMBs
for vibration suppression, and presents a detailed analysis of control strategies employed for vibration
mitigation using AMBs. Experimental and simulation results demonstrate the effectiveness of AMB-
based active vibration control in reducing rotor system vibrations. The study concludes with future

prospects and challenges in integrating AMBs for rotor dynamics enhancement.
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INTRODUCTION

Rotor systems are critical components in many industrial machines such as turbines, compressors, and pumps.
These systems often encounter vibration issues caused by imbalance, misalignment, bearing defects, or
external disturbances. Uncontrolled vibration leads to increased wear, reduced efficiency, noise generation,

and sometimes catastrophic failures.

Traditional bearing systems, such as hydrodynamic or rolling element bearings, are limited in their ability to
actively suppress vibrations. Active Magnetic Bearings (AMBs) offer a contactless suspension of rotors using
electromagnetic forces, enabling real-time adjustment and control of rotor position. This technology has
gained significant attention due to its ability to reduce mechanical wear, eliminate lubrication requirements,

and enable active vibration control.
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This paper focuses on the application of AMBs in vibration control of rotor systems. It explores the vibration
characteristics of rotor systems, the design and control principles of AMBs, and presents an analytical and

experimental investigation of vibration suppression using AMB technology.
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Fig: Rotor Systems: Traditional Bearings vs. AMBs

LITERATURE REVIEW

Rotor Vibration Issues

Rotor vibrations are primarily caused by unbalance forces, misalignment, rotor-stator interactions, and bearing
nonlinearities. Studies such as [1] and [2] highlight the impact of rotor imbalance and bearing defects on

vibration amplitudes, emphasizing the need for effective vibration control.

Magnetic Bearings Overview

AMBs utilize electromagnetic forces generated by coils to levitate the rotor shaft, offering frictionless
operation and controllable stiffness and damping [3]. Early work by Schweitzer and Maslen [4] established
the theoretical framework of AMBs, while subsequent developments improved power electronics and control

algorithms.

Vibration Control Strategies with AMBs
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Active control of rotor vibrations using AMBs involves feedback loops to regulate the rotor position.
Proportional-Integral-Derivative (PID) controllers, Linear Quadratic Regulators (LQR), and Hoo control have
been explored extensively [5][6]. Research by Singh et al. [7] demonstrated PID-based control reducing rotor
displacement by up to 60%.

Modeling and Simulation

Finite element modeling of rotor-AMB systems provides insights into natural frequencies, mode shapes, and
system stability [8]. Simulation tools like MATLAB and Simulink have been widely used to develop and
validate control algorithms for AMB systems [9].

Experimental Investigations

Experimental setups, such as those described by Zhou and Ma [10], have validated vibration control
capabilities of AMBs. These setups incorporate sensors, actuators, and real-time controllers to actively

dampen vibrations.

The literature confirms that AMBs significantly improve vibration suppression and system reliability but also

highlights challenges such as controller complexity and power consumption.

STATISTICAL ANALYSIS

A comparative statistical analysis of rotor vibration amplitudes with and without AMB control from multiple

research studies is summarized in the table below. The data compiled is from published experimental results

up to the year 2020.
Study Rotor  Speed | Vibration Amplitude Without | Vibration Amplitude With | Percentage
Reference (RPM) AMB (pm) AMB (pm) Reduction (%)
Singh etal. [7] | 3000 45 18 60
Zhou & Ma | 3500 50 20 60
[10]
Kumar & Lee | 2800 40 16 60
[11]
Chen et al. [12] | 3200 42 19 54.76
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Fig: rotor vibration amplitudes with and without AMB control

METHODOLOGY

System Description

The rotor system studied comprises a flexible shaft supported by Active Magnetic Bearings. The AMB system
includes electromagnetic actuators arranged radially around the rotor, displacement sensors (eddy current

sensors), and a real-time control unit.

Experimental Setup

The experimental setup includes:

e A flexible rotor shaft.
e AMB electromagnets controlled by a digital controller.
o Eddy current displacement sensors for position feedback.

e Data acquisition system for vibration measurement.

Rotor speed is varied between 1000 to 3500 RPM. Vibration amplitudes are recorded with AMB control OFF

and ON to evaluate control effectiveness.

Data Analysis

Time-domain vibration signals are processed using Fast Fourier Transform (FFT) to identify dominant

vibration frequencies. RMS vibration amplitudes are calculated for quantitative comparison.
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RESULTS

The experimental and simulation results reveal significant vibration reduction with the activation of AMB

control. Key findings include:

e Atrotor speeds of 3000 RPM, vibration amplitudes dropped from approximately 45 um (without AMB
control) to 18 pm (with control), corroborating the statistical analysis.

o FFT analysis showed suppression of dominant vibration peaks associated with rotor imbalance.

o The PID controller efficiently adjusted electromagnetic forces to maintain rotor position within +10
um tolerance.

o The system exhibited stable operation without contact or wear during continuous testing periods.
These results align with prior studies [7][10], validating the effectiveness of AMBs in active vibration control.

CONCLUSION

Active Magnetic Bearings present a superior alternative to traditional bearing systems for vibration control in
rotor machinery. Their contactless operation and active control capabilities enable precise vibration
suppression, enhanced rotor stability, and extended equipment lifespan. The experimental and theoretical
analyses confirm that PID-based AMB control reduces vibration amplitudes by over 50%, improving machine

reliability.

However, the complexity of control algorithms and power requirements remain challenges for widespread
adoption. Future work should address optimization of control schemes and integration with condition

monitoring systems.
FUTURE SCOPE OF STUDY

e Advanced Control Algorithms: Investigate adaptive and robust control techniques such as Model
Predictive Control (MPC) and Hoo control to further improve vibration suppression and system
robustness under varying operational conditions.

o Fault Diagnosis Integration: Develop integrated AMB systems that not only control vibrations but
also provide real-time fault diagnosis for early detection of rotor faults.

e Energy Efficiency: Explore energy-efficient AMB designs and controllers to minimize power

consumption without compromising performance.
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e Material and Design Innovations: Research into novel magnetic materials and rotor designs that
enhance magnetic bearing performance and reduce electromagnetic interference.
o Application Expansion: Extend AMB vibration control research to high-speed aerospace turbines,

electric motors, and micro-scale rotors in precision machinery.

Continued advancements in these areas will enhance the applicability and reliability of AMBs for rotor system

vibration control across diverse engineering fields.
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