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Abstract: The paper presents the numerical design and the analyses of the magnetizer 
for the permanent magnet machines. The design based on the numerical 
optimization is integrated into the nonlinear finite element method. The 
numerical optimization is the Nelder-Mead simplex search algorithm. The 
nonlinear system of equations according to the nonlinear characteristics of 
ferromagnetic material and of the permanent magnets can be handled by 
the fixed point technique with polarization method. 
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1. Introduction 
The magnetizer is play important role at the permanent magnet (PM) machines. The 
magnetizer is necessary to the assembly and the disassembly of PM machines, because 
the huge force, which is generate the remanent magnetization of the permanent magnets. 
By the magnetizer is changing of the state of magnetization, and reduced the force of 
magnets small enough or nearly equal zero. 

A lot of methods in the literature can be found about the excitations of the magnetizer 
[1], [2]. However, about the magnetizer fixture only a few paper found in the literature 
[3], and only some figures in the internet at the homepage of magnetizer manufactures. 
Furthermore, we need a magnetizer with adjustable radius, that the magnetizer to be 
used different PM motors, mainly the permanent magnet motor of the hybrid truck, 
which can be seen on Fig. 1.  

The paper presents the two-dimensional numerical design and the analyses of the 
magnetizer fixture. The design based on the combination of numerical optimization and 
of the two-dimensional nonlinear finite element method [3], [4], [5]. The numerical 
optimization is a heuristic search method, the Nelder-Mead simplex search algorithm 
(downhill simplex method) [6], [7]. The nonlinear system of equations according to the 
nonlinear characteristics of the motors ferromagnetic material and of the hysteresis loop 
of the permanent magnets can be handled by the fixed point technique with polarization 
method [4], [5]. The results of the optimization, and of the finite element analysis are 
also shown. 
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Figure 1. The data, the finite element discretization and the field distribution of the 

permanent magnet motor of the hybrid truck. 

2. Numerical geometry design 
The design of the magnetizer should satisfy required performances and design 
constraints, which are the follows: adjustable radius of magnetizer, appropriate 
magnetization direction with 1.2 T remanent magnetization, spacing of the poles of the 
magnetizer that all the poles are uniform. 

Before the optimization, lots of variant of magnetizer fixture have been analyzed, and 
the given results empirically determined some geometrical parameters and the main 
shape of the fixture. The main shape of fixture can be seen on Fig. 2. 

The Nelder-Mead method [6], [7] combined by 2D nonlinear finite element method 
[3], [4], [5] have been used in the numerical geometry design of magnetizer fixture. 

The FEM-based numerical optimizations described in the following steps [7]: 

Step 1: The geometry of the fixture is described parametrically and the initial 
parameter values. The bearing geometry parameters are: the fixture outer 
radius, the magnetizer thickness and width, the air gap between the motor and 
the fixture (at least 5 mm) and the seven parameters of the slot (see in Fig. 1) 
of fixture. Furthermore, the J0 source current density is one of the design 
parameters, too. 

Step 2: The new parameter values are determined by the Nelder-Mead method. 

Step 3: The fixture geometry, the materials, the source current density and the 
boundary condition are defined. The procedure continues with Step 2 if the 
parameters of the fixture are outside the constraints. 

Step 4: First, the FEM mesh is generated. Then, the approximation of the magnetic 
vector potential by the 2D nonlinear FEM computation is obtained. 
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Step 5: The value and the direction of magnetization are determined in the magnets. 

Step 6: The value of the objective function is minimized in the optimization 
procedure. The optimization proceeds with Step 2 until the termination criteria 
is reached or found the best geometrical parameter values. 

 
Figure 2. The quarter of the magnetizer fixture and of the PM motor. 

3. Magnetizer modelling with finite element method 
The magnetic fixture and the PM motor are assumed to be a static magnetic field 
problem. The assumption of the problem is valid if the purpose of the lamination in the 
stator, in the rotor and in the fixture can eliminate the effect of eddy currents [7]. The 
windings of the PM motor can be modeled as air, because no excitation under the 
magnetization. 

The studied static magnetic field problem is separated into two parts, the magnetic 
material region (as stator, rotor, permanent magnet, magnetizer fixture) denoted by 

mΩ , and the nonmagnetic domain (as air, windings of motor and of fixture) 
symbolized by 0Ω  [4]. The scheme of the analyzed static magnetic field problem can 
be seen in Fig. 2. 

The problem region Ω  is bounded by Ω∂ . The Ω∂  is separated into two parts HΓ  
and BΓ , i.e. BH ΓΓΩ ∪=∂  [4]. 

HΓ  boundary where the tangential component of the magnetic field intensity is given 
by a known surface current density K. But in this problem this boundary is not present, 
because, excitation of one pole of magnetizer has an effect to the neighboring magnets, 
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and the whole problem should be simulated. The boundary BΓ  in this case is the far 
closing boundary of the problem region, where the normal component of the magnetic 
flux density is vanishing. After some trials, the radius of this closing boundary has been 
chosen as ten times larger than the radius of the geometry of magnetizer. The tangential 
component of the magnetic field intensity and the normal component of the magnetic 
flux density must be continuous on the interface between the two subregions, mΩ  and 

0Ω . However, in this problem the continuity on this boundary condition is satisfied by 
the used potential formulation [4]. 

3.1. The magnetic vector potential, the A - formulation 

The partial differential equations and the boundary conditions of the presented static 
magnetic field problem are coming from the Maxwell’s equations [4], [5]. The potential 
formulation which satisfies Coulomb gauge can be formulated as [4], [5] 

 ( ) ( )0 0curl( curl ) curl ,    in  ,mν Ω Ω⋅ = − ∪JA I  (1) 

 ,      on B BΓ× =n A 0  (2) 

where ν  is the reluctivity, A  is the magnetic vector potential, 0J  is the source current 
density, and Bn  is the outer normal unit vector according to the boundary of the 
regions. The reluctivity is 0 01/ν ν µ= =  in the region 0Ω , FPν ν=  in the region mΩ , 
where 0µ  is the permeability of vacuum, and FPν  is the properly chosen constant, the 
so-called optimal reluctivity [4], [5]. The vector I  is the residual nonlinearity [4], 
which depends on the input-output state of the used hysteresis model. The residual I  is 
a magnetic field intensity like quantity. 

In this work, the method of the weighted residuals with the Galerkin’s method has 
been used in the solution of the partial differential equations of the A-formulation. After 
some manipulations the weak formulation of the A-formulation can be obtained [4], 

 ( ) ( )( ) ( )0curl curl  d  d curl  d  ,
Ω Ω Ω

ν Ω Ω Ω⋅ ⋅ = ⋅ − ⋅∫ ∫ ∫W J IW WA  (3) 

where W is the vector weighting function as well as the basis function of approximating 
function. 

3.2. Material modelling 

Modeling of magnetic material is an important task in the magnetic field analysis of 
electrical machines. In the case of soft magnetic materials (e.g. materials of electrical 
machines core) the hysteresis is weak, and thus the magnetic property of material is 
easily modeled by a single valued nonlinearity (see in Fig. 3). However, in case of hard 
magnetic material (e.g. materials of permanent magnets), hysteresis become strong, and 
the hysteresis loop is indispensable for the modeling. 

For the purpose of the finite element analysis, in the regions including magnetic 
materials and for the representation of the hysteresis, on each element, a numerical 
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model of the hysteresis is defined. Very useful a parallelogram representation of the 
hysteresis loop, which one is mathematically simple to reduce the computation time and 
the data storage, and at the same time the model is reasonably close to the actual 
hysteresis characteristic. This model is a piecewise approximation, based on the 
parallelogram representation of the hysteresis loops [8]. In this case, the parallelogram 
model of hysteresis is very useful, because the hysteresis loops of N35H are 
approximately parallelogram (see in Fig. 4a). The demagnetization curve of magnetic 
material (the curve at 20°C temperature) has been used to the numerical model of 
hysteresis, which can be seen in Fig. 4b, because the magnetization and 
demagnetization process occurs at nearly room temperature. 

 
Figure 3. The magnetization curve of the M19 silicon steel core material (material of 

rotor and stator of PM motor, and of the magnetizer fixture). 

 
 a) Hysteresis loop of N35H magnetic material          b) Parallelogram representation 
                  at different temperature.                                  of hysteresis loop of N35H. 

Figure 4. The measured and the simulated hysteresis loop of the N35H magnetic 
material. 
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3.3. Fixed point technique 

The interface between the hysteresis model and the used potential formulation of FEM 
by means of the A-potential formulation [4] has been created by the help of the fixed 
point iterative procedure [4], [5]. This nonlinear technique assumes the constitutive 
relationship between the magnetic field intensity H and magnetic flux density B, 

FPν= +H B I , where FPν  is a properly chosen constant, the ideal reluctivity (fixed 
point coefficient), and I is a residual nonlinearity (fixed point residual), which has to be 
determined iteratively. The optimal value of FPν  is chosen within an interval 

[ ]maxmin ννν ,FP ∈ , where minν  and maxν  are the minimum and the maximum slopes 
(differential reluctivity) of the inverse hysteresis loop. Here 2/)(FP maxmin ννν +=  has 
been used [4], [5]. 

The number of finite elements is denoted by m (so the dimension of K is m×m, the 
dimension of a and b vectors are m in all iteration steps), the initial conditions of the 
fixed point technique, when 00 =t , are as follows: i =H 0 , i =B 0 , i =I 0  ( )1 i m≤ ≤ . 
This is the demagnetized state of the magnetic material. 

The steps of fixed point iteration are as follows: 

1. Generating and solving the system of linear equations, n n=Ka b , where K 
is the system matrix, from the left-hand side of equation (3), the vector an 
contains the value of unknown potential, nb  is the entries and source vector, 
its coordinates are calculated from the right-hand side of equation (3). The 
constant system matrix K is not changing during the iteration process, it is 
enough to calculate it once; 

2. Determine the orthogonal components of magnetic flux density (Bx,i,,n, By,i,,n) 
of all finite elements by the relation , ,i n i n= ∇×Β A , where Ai,n follows from 
the ith component of an. 

3. The orthogonal components of magnetic field intensity of all finite elements 
can be obtained by the hysteresis model in the Gaussian points. The 
MATLAB interp1 [9] function has been used to determine the 
components of Hi,n from the nonlinear curve (Fig. 3); 

4. Determine the components of the residual term Ii in every finite element in 
the nonlinear region by the , , , , FP , ,p i n p i n p i nI H Bν= −  relations, where 
p = x, y; 

5. Determine the error of the computation. The difference of the components of 
magnetic field intensity in the last two iteration steps is calculated in each 
finite elements, , , 1 2i n i n ε−− <H H  for all i, where ε is the error; 

6. The iteration is repeated from the first step until the error is small enough. 
The value of the imposed error is 610−=ε . 
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The value of the nonlinear residual term Im is updated in every iteration step, that is 
why only the right hand side b must be modified during the iteration [4], but the chosen 
value of FPν  is not changing in the whole process. The n subscript is the number of 
iteration. 

3.4. Nelder-Mead simplex search algorithm 

The general mathematical form of the magnetizer fixture geometry optimization 
consists in the minimization of an objective function f(X), where X is the vector of the 
design variables and constraints of the problem [6]. 

In the case of fixture, the design variables and constraints comprised the geometrical 
parameters, while the objective function is governed by the desired change in the 
magnetization of the magnets. 

The Nelder-Mead simplex optimization algorithm is used in order to optimize the 
objective function. The simplex algorithm is a heuristic search method, which is does 
not require the derivative, only a numerical evaluation of the objective function is 
needed. However, the convergence of the Nelder-Mead method is extremely sensitive to 
the selected starting point [6], [7]. 

For two variables, a simplex is a triangle, and the method is a pattern search that 
compares function values at the three vertices of a triangle. The worst vertex, where 
f(X1, X2) is the largest, is rejected and replaced with a new vertex. A new triangle is 
formed and the search is continued. The process generates a sequence of triangles, 
which might have different shapes, for which the function values at the vertices get 
smaller and smaller. The size of the triangle is reduced and the value of the minimum 
point is found or until the termination criteria is met. The algorithm can be implemented 
in N variables, where simplex is a hypercube with N+1 vertex points [6], [7]. In this 
case the number of variables is 12. 

4. Results and discussion 
The numerical computations were performed using computer programs developed under 
MATLAB environment using the functions of COMSOL Multiphysics []. The programs 
were run on a SUN Fire X2250 computer with a following data. CPU: 2x Quad-Core 
Intel Xeon L5420 @ 2.5GHz; RAM: 8x 4GB DDR2 ECC 800MHz; HDD: 2x 
SAMSUNG HD502IJ 500GB SATA II RAID1. This computer works with a shared 
memory topology. 

The optimization method is sensitive the starting point, therefore the optimization 
procedure is started fifteen times with new starting point or the previous results. Three 
results are very close to each other from the fifteen runs, which are seems to be the best 
results. Fig. 5 shows the geometry parameter values of the magnetizer fixture by the 
optimization. All design parameters are in millimetre. The outer radius of magnetizer is 
175 mm and the height is 50 mm. 
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At the best result of optimization, the area of magnetizers winding is 0.0012 m2. In 
the computation, the filling ratio of winding is 0.8, and in this case, the source current 
density is 8

0 109 ⋅=J  A/m2 in the winding. 

 

Figure 5. The parameters of the slot of the magnetizer fixture. 

The magnetic flux density the function of the magnetic field intensity can be seen in the 
Fig. 6. The red dashed line is the first magnetization of the magnet. The green solid line 
is the demagnetization process. Firstly saturated the magnet, and after when decreased 
the magnetic field intensity, the magnetic flux density is decreased nearly zero. The blue 
line with circle shows the re-magnetization process. These magnetization processes 
have been done at 5 mm air gap between the motor and the magnetizer. 

Fig. 7 shows the magnetic flux density components and the normalized magnetic flux 

density inside the permanent magnets. The ( )22
yxnorm BBB +=  is the normalized 

magnetic flux density. At the Bnorm of the four permanent magnets are almost the same. 
At the magnetic flux density components are clearly visible the change of the direction 
of the flux density vector. The x-component of the flux density is the highest at the  
 

 
Figure 6. The magnetization and the demagnetization of the N35H magnets. 



Acta Technica Jaurinensis Vol. 5. No. 2. 2012 

113 

 
Figure 7. The x- and y- component of magnetic flux density, and the normalized 

magnetic flux density inside the permanent magnets. 

 
Figure. 8. The normalized magnetization inside the PM motor. 

lowest magnet, and at the y-component is the highest at the top magnet. The value of the 
magnetic flux density vectors are depend to the orientation of the magnets, which is 
necessary to the appropriate magnetization process. The next figure (Fig. 8) shows the 
magnetization inside the PM motor. This figure is well represented, the magnetization 
vectors are points toward the origin or opposite in the magnets. 

5. Conclusion 
This paper introduced the application of a two-dimensional nonlinear finite element 
method to the numerical optimization of magnetizer fixture. The problem was solved as 
a nonlinear constrained optimization problem and the proposed method was combined 
to Nelder-Mead algorithm. 
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The presented results shows the magnetizer is work properly. Than Fig. 6, 7 and 8 
shows, the value and the direction of magnetization are appropriate, and after the 
magnetization, the demagnetization has been also performed. 

However, usually the Nelder-Mead method has found a local minima, thus the given 
results may not be the best solution in this case. Furthermore, necessary to use a more 
complex hysteresis model, like Preisach-model to the sufficiently accurate solution. 
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