
Abstract—This paper presents the modeling of the 
construction procedure of a halbach array electrical machine and 
the corresponding partial demagnetization. Comparison between 
a static simulation with all magnets at their final positions and 
dynamic one where one of the magnets is brought to its final 
position from an initial one shows that the static solution 
overestimates the demagnetization phenomenon and lead to 
erroneous results. Such an error is due to the fact that the pre-
positioning demagnetization is not accounted for in the static 
case. 

Index Terms—Permanent magnet machines, permanent 
magnets, demagnetization. 

I. INTRODUCTION 

Permanent magnets are largely used in electrical machines, 
especially in generators for wind energy. However, permanent 
magnets are prone to partial or full demagnetization for many 
reasons. Several publications described these reasons and 
investigated them mainly under faulty operation of the 
machine like short-circuit [1], [2], overheating of the machine 
[2] and overload [4]. Modeling issues related to considering 
the demagnetization in operating electrical machines have also 
been presented in [5]-[7]. However, the possible 
demagnetization of the magnet and its description during the 
manufacturing process has received very little attention. 

In the design process of permanent magnet machines, it is 
important to raise the magnetic flux density in the air gap of 
the machine as high as possible. This is necessary to achieve 
high efficiency and high power density [4]. Different 
constructions are used to achieve this goal through magnet 
shapes and positioning as well as layering, e.g., to form a 
Halbach array [2], [4]. However, the interaction between the 
different magnets adds to the stress on the magnets and 
increases the risk of demagnetization even before the machine 
is operating. In this paper we describe and model a situation, 
where low-cost magnets, used in Halbach array to achieve 
higher magnetic flux density in the air gap, are subjected to 
high enough demagnetizing filed and experience partial 
demagnetization during the assembly process. 

II. MACHINE DESIGN 

The machine under investigation is a low-speed large-
diameter slotless permanent magnet generator. To achieve 
high enough flux density in the air and save in the magnet cost 
as well as to simplify the manufacturing process, ferrite 
magnets of the same standard shape with dimensions 
100x150x25 mm are used to assemble the Halbach array in 
the rotor as described in [4], [8]-[10]. 

First the main magnet is assembled from four magnets 
mounted on top of each other, after which the side magnets 
are added one at the time. An illustration of the investigated 
model is shown in Fig. 1. When the so constructed assembly 
was analyzed with a finite element model, no demagnetization 
could be seen. However, measurements on the assembled 
machine showed that partial demagnetization of the side 
magnets has occurred during the assembly process. 

 

 
Fig. 1. Illustration of the constructed Halbach array test model. The coils of 

the stator are represented as air as they do not participate under no-load.  

III. METHOD AND ANALYSES 

Finite elements analysis is the main tool used in this work. 
A parameterized model has been constructed in the 
commercial software FEMM, where one of the side magnet 
blocks was divided into 64 smaller domains.  Two different 
situations were investigated. First, one side magnet was placed 
next to the main magnet and the resulting field distribution 
was computed with a static approach. The results from this 
computation are shown in Fig. 2. From this figure it can be 
seen that 12 domains out of the 64 are fully demagnetized and 
the domains next to them are partially demagnetized. 
 

 
Fig. 2. Computed distribution of the magnetic field strength for the case where 

the side magnet is positioned next to the main magnet.  
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The second analysis aimed at finding when the 
demagnetization started. This was achieved by simulating the 
process of bringing the side magnet near the main magnet. 
The side magnet was moved to its final position next to the 
main magnet from an initial position far enough from this 
latter one. The motion was made in steps of 5 mm after which 
new computation was carried out. A modified 
demagnetization curve was applied to the demagnetized part 
of the magnet whenever such a phenomenon occurred. A set 
of those curves is shown in Fig. 4, where the main 
demagnetization curve as well as the new curves can be seen. 
Results of this second modeling procedure are shown in Fig. 
3. It can be seen that the demagnetization of the side magnet 
starts when the distance from the main magnet was 20 mm. 
When the side magnet is brought closer to the main one, the 
demagnetization reaches more and more domains although the 
magnetization curves of the previously demagnetized ones 
where updated. The curves shown in Fig. 4 are numbered 
according to Fig. 3.  

 

 
Fig. 4. Magnetization as a function of applied field. The curves are the ones 
used for updating after demagnetization. The numbering correspond Fig. 3.  

 

A comparison of the filed distribution from Fig. 2 and Fig. 
3. at the final position shows clear differences in the field 
distribution. It can be seen from Fig. 2 that a large amount of 
demagnetization occurs in the side magnet and some parts of 
it are fully demagnetized. Fig. 3 shows that as the permanent 
magnet starts to demagnetize at a certain distance from the 
main magnet, and the magnetization curves are updated, the 

final demagnetization is not as serious as the one computed 
with the static approach, where the side magnet is already at 
its final position. As a conclusion, the proposed dynamic 
computation of demagnetizations at the construction process is 
necessary to achieve accurate knowledge about the amount of 
demagnetized material and its location. A single static 
computation at the final position of the magnet overestimates 
this phenomenon and leads to erroneous results.  
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Fig. 3. Computed magnetic field strength from the dynamic simulation at five different positions of the side magnet during its approach to the main magnet.

 


