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Abstract 
There has been much interest and studies in high 
efficiency wind generators with permanent magnet 
excitation due to the increasing availability of 
permanent magnet materials, especially Nd-Fe-. The 
present paper is aimed to outline the design, analysis 
of such a PM generator. The generator that is being 
used will be an 8-pole permanent magnet generator 
rated at 5 kW and using NdFeB for the field 
excitation. The details of the permanent magnet 
generator are also presented. 

1. Introduction 

A totally renewable energy based electricity 
generation system for Australia - even in broad 
concept - is a complex task presenting major 
challenges. Until now, Australia has relied 
exclusively upon sources of “stored” energy whether 
they are coal, natural gas or hydro. As a result, it has 
been possible to maintain a reliable electricity supply 
without incorporating a large quantity of costly 
energy storage. However Australia’s reserves of 
“stored renewable energy sources are limited. Under 
these circumstances it will probably be necessary to 
rely largely upon intermittent sources (e.g. solar and 
wind) to produce most of Australia’s electricity 
needs and to store surplus energy for use at times 
when such sources are unavailable [ 13. 

In Australia, a program of the department of 
Primary Industries and Energy (DPIE) supports the 
renewable energy. Under this program, the Federal 
Government has provided funds to promote the use 
of renewable energy, especially for stand alone 
power systems in remote and rural areas in Australia. 
About 20 000 rural households rely on diesel or 
petrol generators to supply their power needs. 
Anyone who has experienced these systems, which 
are usually, needed most of the day, will be aware 
that they are intermittent, noisy, and demand 
considerable attention [2-41. In contrast, the 
renewable energy systems can provide power 24 
hours a day cleanly and silently. However renewable 
systems for remote areas do have the relatively high 

up front cost ($15 000 to $50 000 depending on 
size)[5]. 

In the area of wind energy, the energy authorities 
in Australia have been undertaking an active wind 
energy program for several years [6-lo]. The 
program has included wind monitoring, analysis of 
existing wind data, installation and testing of small 
wind generators in remote homestead power systems, 
and installation of up to 100 kW wind generators. 
The Ten-Mile Lagoon wind farm at Esperance on 
Western Australia’s south coast is the largest wind 
farm. This wind farm has nine Vesta V27 wind 
turbines with a total output of 2.025 MW. Total 
project cost, including transmission line, was $5.8 
million, and electricity generation cost over the life 
of the wind farm is estimated at 8-cents/kWh is]. 

The largest individual wind generator in Australia 
is the 150 kW Windmaster at Malabar, Sydney, New 
South Wales. A 60 kW pilot wind generator situated 
at Breamlea, near Geelong in Victoria. is producing 
95,000 kWh of electricity a year, enough to meet the 
needs of 20 houses. Wind farms are vast areas of 
land dotted with hundreds of wind generators, which 
usually feed electricity directly into the supply 
network. Large sections of the southern Australian 
coast are ideal wind-generation sites 

Wind turbines can be divided into two basic 
configurations depending on the position of the rotor: 
horizontal axis and vertical axis (or Darieus type) 
wind turbines (HAWTs and VAWTs, respectively). 
HAWT are the most commonly employed and 
manufactured. Both types use aerodynamic lift to 
extract power from the wind and have the same sub- 
systems [9- 181. 

Due to recent developments in permanent magnet 
materials, especially Nd-Fe-El, high efficiency PM 
generators can be manufactured for wind 
applications. The present paper is aimed to outline 
the design, analysis of such a PM generator. The 
generator is an 8-pole permanent magnet generator 
rated at 5 kW and using NdFeB for the field 
excitation. This is being designed using a new finite 
element package developed by MSC-Ansoft. The 
generator will be coupled to the blades via a 15.5 
gearbox. This will give a higher rotational speed to 
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the generator to allow it to generate more electricity 
at lower wind speeds. 

2. Finite Element Analysis 

The finite element method is a numerical method 
of solving linear and non-linear partial differential 
equations. It offers an accurate and powerful design 
tool, allowing material properties, nonlinearities and 
structural details to be taken into account. The 
method basically involves the discretisation of the 
machine cross section into smaller finite elements. 
The spatial variation of magnetic potential 
throughout the machine is described by a non-linear 
partial differential equation derived from Maxwell 
equation. 

The finite element method (FEM) can be used to 
change the structure of the machine, the material 
properties, and the excitation in the rotor and the 
stator of machine [18, 191. The solution of a 
continuum problem by the FEM process always 
follows an orderly step-by-step process. The first 
step is to divide the continuum or solution region into 
elements. A variety of element shapes may be used, 
and different element shapes may be employed in the 
same solution region. The finite element model 
contains information about the device to be analysed 
such as geometry (subdivided into finite elements), 
materials, excitations, and constraints. The material 

properties, excitations, and constraints can often be 
expressed quickly and easily, but geometry is usually 
difficult to describe. The finite elements can be very 
small where small geometric details exist, such as air 
gaps and can be much larger elsewhere. 

Before the system equations are ready for solution, 
they must be modified to account for the boundary 
conditions of the problem. Each degree of freedom at 
a grid point may be unconstrained (unknown) or 
constrained. The assembly process gives a set of 
simultaneous equations that we solve to obtain the 
unknown nodal values of the problem. If the problem 
describes steady or equilibrium behaviour then we 
must solve a set of linear or non-linear algebraic 
equations. If the problem is unsteady, the nodal 
unknowns are a function of time, and a set of linear 
or non-linear ordinary differential equations must be 
solved. 

The solution of the system equations can be used 
to calculate other important parameters. For example, 
in electromagnetic problems, the nodal unknowns are 
the components of magnetic flux density. From these 
components the induction, the torque, and other 
electromagnetic parameters can be calculated [20]. 
Fig. 1 shows the cross section and the flux 
distribution of the designed machine and Fig. 2 
shows the magnetic flux density around the core. 

Figure 1: Cross section of the wind generator a) and the flux distribution b) 
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Figure 2: Magnetic flux density in the stator yoke 

3. Permanent magnet generators 

Permanent magnet (PM) machines are a well- 
known class of rotating and linear electric machines 
used in both the motoring and generating modes. 
PM machines have been used for many years in 
applications where simplicity of structure and a low 
imtial cost were of pririiary importance. More 
recently, PM machines have been applied to more 
demanding applications, primarily as the result of 
the availability of low-cost power electronic control 
devices and the improvement uf permanent magnet 
characteristics. In general, modem PM machines are 
competitive both in performance and cost with 
many types of machines. 

The term permanent magnet machine is used to 
include all electromagnetic energy conversion 
devices in which the magnetic excitation is supplied 
by a permanent magnet. The energy converters 
using permanent magnets come in a variety of 
configurations and are described by such terms as 
motor, generator, alternator, stepper motor, linear 
motor, actuator, transducer, control motor, 
tachometer, brushless dc motor, and mdny others 
Permanent magnet machines are rapidly finding 
numerous applications as alternators, automotive 
applications, vehicular electric drive motors, small 
appliances, and control motors, printed circuit 
motors and computer and 1 vbotics applicntions. The 
stator of the machine is idsntical to the stator of a 
multiphase AC machine The new component is the 
roto!, which in contrast to cmventional rutors relies 
on permanerit rnagcets as the source of excitation 
rather than an electric current in windings. The 
optimum rotor configuration, rotor electromagnetic 
and mechanical design, and the stator 
electromagaetic design must be matched to achieve 
a higher efficient machine of the desired load 
-.bx - *  xteristics, high p m e r  factor, and high 
efficiency amj performance. 

The PM zachines can be scrface mounted 01 

exterior a r c  interior machines [18-20]. In buried or 

interior I'M machines the mdchine is robust, rugged 
and well-suited for flux weakiming control for a 
wide speed-torque range, essential for many 
applications. The surface-mounted PM machine has 
magnets at the airgap surface and is liable to 
damage at high speeds or even in the assembly and 
fabrication process. The rotor strrcture for an 
interior PM rotor will tend to have a smooth rotor 
design similar to or better khan induction machines. 
Thus, windage losses will be equal to or lower than 
those of conventional induction machines. In this 
paper we ptesent the performance of designed 
interior permanent magnet nlachine. The stator 
employed is of an equivalent inductim motor, rated 
at the same powei. The dimensions of PM 
generators are given in Appendix A. Figure 3 show 
the sinwave of gemsted voltage at different 
frequency. Further worl is continuing to test the 
performance under realistic wind energy 
applications. 

4. Conclusions 

A permanent magnet wind gemerater is analysed 
using the finite element method. The sitnulation 
results are being used in the fabrication of tk 
machine. The fabricated machi ,le's couBgurztionc 
are, also, shown. The initid pte!in~iczy resu!ts 
show the performaxe ns predif,:cd by finite c1erite:rt 
analysis 
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Fig. 3: EMF of the generator at  different speed 
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APPENDIX A 
GENERATOR SPECIRCATIONS 

Poles number 
Rated power, kW 
Rated speed 
Rated voltage, v 
Stator inner diameter, mm 
Length of stator stack, mm 
Air gap length, mm 
Stator slots 
No ,of turndslot 
Phase resistance, Q 
Magnet dimensions, mm 

8 pole 
5 kW 
750 Rpm 
415 v 
165 
100 
0.6 
36 
96 
3.7 52 
15x30~ 100 
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