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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background Of Project 

 

It is an old dream of mankind to levitate a body hover without any contact by 

using magnetic forces. As early as 1842, the British minister and nature philosopher, 

Samuel Earnshaw (1805 - 1888), examined this question and stated a fundamental 

proposition known as Earnshow’s theorem. The essence of this theorem is that it is 

impossible for an object to be suspended in a stable equilibrium purely by means 

magnetic or electrostatic forces. First technical applications of levitation by magnetic 

field were proposed in 1937, when Kemper applied for a patent for a hovering 

suspension, while Beams and Holmes were working on electromagnetic suspension. 

This experiment was the predecessor of the later magnetically levitated vehicles. The 

most familiar levitation vehicle nowadays is the MAGLEV (derived from magnetic 

levitation), which uses the electromagnetic principle, is suspended without any contact 

by several magnets from the iron track. Later, in the sixties a principle of magnetic 

bearings was used in space technology for the magnetic suspension of momentum-

wheels to control the attitude of satellites. First industrial applications appeared in the 

late seventies mainly for turbines and for high-speed machine tools. Because of the 

magnetic bearing offer a novel way to solve classical problems of rotor dynamics by 
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suspending a spinning rotor with no contact, wear and lubrication, and controlling its 

dynamic behaviour 

An Active Magnetic Bearings (AMBs) is largely used nowadays in many 

industries, mostly in oil and gas industry since it can sustain high temperature with a 

constant high speed.  Active magnetic bearings (AMBs) are experiencing an increased 

use in many rotating machines (e.g., compressors, milling spindles, flywheels, etc.) as 

an alternative to conventional mechanical bearings such as fluid film and rolling 

element bearings. An AMB provides a non-contact means of supporting a rotating shaft 

through an attractive, magnetic levitation force. The magnetic force is generated or 

controlled by passing an electric current through a coil wound around a stator made of 

ferromagnetic material (i.e., an electromagnet). 

Due to the non-contact nature of the bearings and rotor, AMBs have the unique 

ability to suspend loads with no friction, eliminate wear, allow the operation of rotors at 

higher speeds, and operate under environmental conditions that prohibit the use of 

lubricants. Furthermore, since AMBs can be actively controlled, they offer other 

advantages over mechanical bearings such as eliminating rotor vibration through active 

damping, adjusting the stiffness of the suspending load, compensating for rotor 

misalignment and changes in rotor speed, and providing an automatic rotor balancing 

capability.  

For my project, there are 2 main software that I used to design and analyse of an 

active magnetic bearing which is Comsol Multiphysics to analyse the design of an 

active magnetic bearing and MatLab to see how an active magnetic bearing work by 

using the principle of magnetic levitation. 

COMSOL Multiphysics is a finite element analysis, solver and Simulation 

software / FEA Software package for various physics and engineering applications, 

especially coupled phenomena, or multiphysics. COMSOL Multiphysics also offers an 

extensive interface to MATLAB and its toolboxes for a large variety of programming, 

preprocessing and postprocessing possibilities. The packages are cross-platform 

(Windows, Mac, Linux). In addition to conventional physics-based user interfaces, 

COMSOL Multiphysics also allows for entering coupled systems of partial differential 

equations (PDEs). The PDEs can be entered directly or using the so-called weak form 

(see finite element method for a description of weak formulation). An early version 

(before 2005) of COMSOL Multiphysics was called FEMLAB.  
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MATLAB is a high-performance language for technical computing. It integrates 

computation, visualization, and programming in an easy-to-use environment where 

problems and solutions are expressed in familiar mathematical notation. Typical uses 

include: 

1. Math and computation 

2. Algorithm development 

3. Modeling, simulation, and prototyping 

4. Data analysis, exploration, and visualization 

5. Scientific and engineering graphics 

6. Application development, including Graphical User Interface building 

 

MATLAB is an interactive system whose basic data element is an array that 

does not require dimensioning. This allows you to solve many technical computing 

problems, especially those with matrix and vector formulations, in a fraction of the time 

it would take to write a program in a scalar non-interactive language such as C or 

FORTRAN. The name MATLAB stands for matrix laboratory. MATLAB was 

originally written to provide easy access to matrix software developed by the LINPACK 

and EISPACK projects, which together represent the state-of-the-art in software for 

matrix computation. MATLAB has evolved over a period of years with input from 

many users. In university environments, it is the standard instructional tool for 

introductory and advanced courses in mathematics, engineering, and science. In 

industry, MATLAB is the tool of choice for high-productivity research, development, 

and analysis. MATLAB features a family of application-specific solutions called 

toolboxes. Very important to most users of MATLAB, toolboxes allow you to learn and 

apply specialized technology. Toolboxes are comprehensive collections of MATLAB 

functions (M-files) that extend the MATLAB environment to solve particular classes of 

problems. Areas in which toolboxes are available include signal processing, control 

systems, neural networks, fuzzy logic, wavelets, simulation, and many others. 

 

 

 

 

 


