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ABSTRACT

This paper deals with the design of small permanent magnet generator using 2D FEMM.
The design will present the parameter computation and performance prediction of a
permanent magnet (PM) synchronous generator based on numerical magnetic field
analyses. The finite element method is employed to accurately determine the magnetic
field distribution and key parameters of the machine, such as the winding flux, back
electromotive force, winding inductance. An equivalent electrical circuit is applied to

predict the generator performance such as the external characteristic.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In general, electrical machines play an extremely important role in industry and in our
everyday life. Electrical machines generate electrical power in power plants and convert
electric power to mechanical power in industrial and consumer applications. If the conversion
is from electrical power to mechanical power, the machine is called a motor, while in the
conversion from mechanical to electrical; the machine is called a generator. Conversion of
energy is based on two electromagnetic phenomena. First, if a conductor is in a magnetic
field and there occurs any change in the magnetic field or the conductor moves, a voltage is
induced in the conductor. This phenomenon is generally known as Faraday’s Law. Second, if
a charged item, such as a current-carrying conductor, is placed in a magnetic field, the
conductor experiences mechanical force. This is known as the Lorentz force. The DC
machine, induction machine, and synchronous machine are the common rotating electrical

machines.

In rotating electrical machines the magnetic circuits are formed by ferromagnetic materials
in conjunction with air as a medium. The magnetic field is typically produced by feeding
electric current through coils that are wound around ferromagnetic materials. In permanent
magnet synchronous machines the permanent magnets are the major source of magnetic flux.
A permanent magnet is capable of maintaining a magnetic field without any excitation
current linkage provided to it. The first commercial versions of industrial permanent magnet
synchronous machines emerged in the early 1980s. The development of high energy-product

NdFeB (Neodymium-Iron-Boron) magnets accelerated the era of modern permanent magnet
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