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Magnetic separation is one of the methods that are used to separate magnetic and non-magnetic components
from an input mixture. Its e�ectiveness strongly depends on the strength and distribution of magnetic �eld in
the separator. It is economical to use Halbach permanent magnet arrays to create a suitable magnetic �eld, since
they do not change their properties during separation and do not need electrical energy. During real magnetization
process, however, there can be a problem with correct orientation of their magnetization vector. The work based on
2D computer models shows the in�uence of di�erent orientations of magnetization vectors of individual elements of
Halbach arrays on the size and distribution of the magnetic �eld in the considered separator space. Several model
systems that contained four to six typical AlNiCo, SmCo and NdFeB cube shaped magnets with the dimensions
50×50×50 mm3 were used for the analysis.
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1. Introduction

Magnetic separation is an important part of many in-
dustrial processes [1]. Su�ciently high values of magnetic
�elds strengths can be achieved by using permanent mag-
nets. The intensity of magnetic �eld, the shape and the
distribution of magnetic poles in�uence e�ectiveness of
the separation.
Such magnetic �eld can be increased by a special ar-

rangement of permanent magnets, as was �rst proposed
by Klaus Halbach in 1985, hence the name of Halbach
array [2]. Use of the Halbach arrays in magnetic separa-
tors may not only lead to more e�cient separation, but
also to more e�ective use of permanent magnets.

Fig. 1. The classic Halbach three magnet array [1].

This article presents a proposal of geometry optimiza-
tion of so called trapezoidal con�guration in the Halbach
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three-magnet array and the analysis the in�uence of mag-
netization vector deviation from an ideal direction on the
magnetic �eld magnitudes (see Fig. 1).

2. Optimization of Halbach array geometry

The optimization design uses the classical Halbach ar-
ray that is shown, including its dimensions, in Fig. 1. It
has been known that a stronger magnetic �eld can be
achieved by the change of rectangular magnet shape to
so called trapezoidal one [3]. The classic array was sub-
stituted by the trapezoidal one and the size of individual
elements was optimized, while the inside dimensions and
the total volume of magnetic material were kept constant.
The resulting array was also augmented by soft magnetic
steel segments in order to minimize the stray magnetic
�ux (see Figs. 2 and 3).

Fig. 2. The optimization of Halbach array with three
trapezoidal magnets.

It is rather di�cult to get ideal magnetization direc-
tions during actual magnetization, as is the case in Figs. 1
and 2. Therefore the in�uence of magnetization vector
misalignment on the value of magnetic �eld in the middle
of air gap was also studied.
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Fig. 3. Distribution of magnetic induction lines in the
optimized array.

3. Results

The Femm 4.2 software, that can be used with a stan-
dard table PC with a two-core processor and a 32 bit op-
erating system, was used for the modelling of magnetic
arrays in 2D.

Fig. 4. The in�uence of central trapezoid outer size on
the size of magnetic �eld.

Fig. 5. The in�uence of magnetization vector orienta-
tion on the magnetic �eld strength � the symmetrical
case.

The optimization results for the NdFeB magnet are
shown in Figs. 4, 5 and 6. Figure 4 demonstrates the
in�uence of the central trapezoid outer dimension on
the size of magnetic �eld (see Fig. 2). The maximum
induction value of 1.173 T was achieved with the size
aopt = 20 mm. The increase against a standard array
with the value of 1.113 T is 0.060 T.

The in�uence of magnetization vector orientation was
studied for the deviations θ = ±10◦ and 20◦ from the
horizontal direction of outer segments and ϕ = ±20◦ for
the middle segment in the upper part of the array (see
Fig. 2). The in�uence of symmetrical changes is seen in
Fig. 5 and asymmetrical ones in Fig. 6. The symmetri-
cal change of magnetization (Fig. 5) for the angle of 10◦

and 20◦ up or down, respectively, leads to the magnetic
�elds of 1.185 T and 1.178 T or 1.147 T and 1.110 T, re-
spectively. It is clearly seen, the positive vector rotation
(�up� direction � see Fig. 2) contributes slightly to the
further increase of magnetic induction, whereas the neg-
ative rotation in �down� direction leads to its decrease.
Figure 6 shows the in�uence of non-symmetrical changes
in magnetization vector orientations. Using these alter-
natives (non-symmetrical angle changes by 10◦ or 20◦ ,
respectively), the magnetic �elds of 1.167 T, 1.150 T and
1.164 T, in the middle segment of the upper array part,
were achieved.

Fig. 6. The in�uence of magnetization vector ori-
entation on the magnetic �eld strength � the non-
symmetrical case.

4. Conclusion

This work presents the results of dimension optimiza-
tion of the central segment of Halbach three trape-
zoidal NdFeB permanent magnet array and the in�u-
ence of deviation from an ideal magnetic vector direction.
The modeling results will be used to propose a labora-
tory magnetic separator for separation of sub-microscopic
paramagnetic particles.
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