
Abstract: 
In recent years the use of permanent magnets 
(PM) for wind turbine generators has increased 
significantly. The large price fluctuations 
encourage us to look at alternative PM materials. 
The main purpose of this paper is to assess the 
suitability or otherwise of a ferrite magnet excited 
synchronous generators for offshore wind turbines. 
Here, a generator design (for a 6 MW offshore 
turbine) using ferrite magnets is presented and 
compared with a generator using NdFeB magnets, 
in terms of capital costs, efficiency, and cost of 
energy. In order to do this a ferrite magnet 
generator is designed and compared to a design of 
a generator of the same rating that uses surface 
mounted NdFeB magnets. 
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1.  Introduction 

Offshore wind turbines are increasingly using 
synchronous generators with permanent magnets 
manufactured using rare earth materials. These 
generators ï whether they are high or low speed ï 
tend to be more efficient than competing generator 
technologies such as the doubly fed induction or 
the field-wound synchronous generator. The lack 
of rotor copper losses means that these generators 
have flat, relatively high efficiency curves. This 
leads to higher energy yields, albeit at usually a 
higher cost. The onshore Cost of Energy 
calculation tends to push wind turbine designers to 
choose a cheaper induction machine. Offshore ï 
where the non-turbine costs are so high ï the Cost 
of Energy calculation puts a greater emphasis on 
maximising annual energy yield through 
maximising efficiency and availability. For 
something like the generator, which makes up only 
part of the capital cost but which involves all of the 
power output, it makes sense to choose highly 
efficient, reliable generators such as those using 
permanent magnets.  

The most common material used in permanent 
magnet electrical machines is Neodymium - Iron - 
Boron (NdFeB). This class of material has a high 
maximum energy product (BHmax = 30-50MGOe) 
leading to compact machines with light generator 
rotors. The remanent flux density of these magnets 
can lead to airgap flux densities of the order of ~1T 
when the magnets are mounted onto the rotor 
surface. 

During last few years, the price of NdFeB has 
increased and fluctuated significantly. China is the 
major producer of Nd with 97% of all mining 
currently in China. Export quotas are subject to 
strategic decisions, demand is high and growing 
(due to use in efficient electrical machines in new 
applications) and raw materials are subject to 
speculation [1]. The price of rare earth metals such 
as neodymium increased more than 350% from 
August 2009 to August 2011.This means that wind 
turbine manufacturers (who use permanent 
magnet generators) are faced with a significant 
cost uncertainty. 

A number of researchers have started to explore 
alternative synchronous generator types that can 
deliver most of the benefits of these rare earth 
based permanent magnets. In the 1990s ï before 
the cost of NdFeB allowed its economic use ï 
designers would either opt for field wound 
synchronous machines or else use ferrite magnets 
[2]. In terms of availability and price stability, ferrite 
magnets can be a suitable alternative to NdFeB 
when mass (and inertia) of a generator rotor is of 
less importance [3]. These materials have a 
significantly lower maximum energy product (BHmax 
= 1-5 MGOe) and remanent flux density less than 
0.4T. Some sample comparative data is given in 
Table 1. In order to produce higher flux densities in 
the airgap, machine designers must use some 
element of flux concentration so that a larger 
volume of ferrite magnet material (than the space 
generally used by a surface mounted magnet) can 
be used. 

This paper builds on the work of Eriksson and 

Bernhoff [3] with an emphasis on a typical 6 MW 
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