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Abstract. The magnetic field and the levitation force produced by a rotor with alternating 
magnetic poles in a magnetic fluid hydrostatic bearing is numerically evaluated. For the 
magnetic field computation has used a 3D-FEM program, MagNet 5.0 and for the numerical 
evaluation of the levitation force the MatLab program has been used. 

. 

1   Introduction 
The cylindrical bearing with magnetic liquid represents one of the applications of the second order 

magnetic levitation. 
The bearing with magnetic fluid, alternating magnetic poles on the stator, and nonmagnetic rotor 

has been presented in [1] and analytically investigated in [2],[3]. A numerical computation of the force 
that acts on the rotor, using a 2D-FEM program under the hypothesis of a magnetic field with plane 
meridian symmetry, can be found in [4]. 

The bearing with magnetic fluid, alternating magnetic poles in rotor and nonmagnetic stator has 
been analyzed analytically in [5], [6], [7].  

In the present paper, the magnetic field and the levitation force are evaluated numerically in a 
bearing with magnetic fluid, alternating magnetic poles in rotor and nonmagnetic stator. It has been used 
Magnet 5.0, a 3D program of Infolytica, based on the finite element method (FEM), and the MatLab 
medium. 

The sketch of a bearing with magnetic fluid and alternating magnetic poles placed in rotor is 
presented in fig.1, where we have denoted: 

  1 – the rotor (the shaft) of r1 radius and µ0 permeability; 
  2 – the magnetic poles with hp height, supposed to have a radial permanent magnetization Mp of 

zero divergence and µm=µ0µrm permeability; 
  3 – magnetic liquid that fills the space between the rotor and stator, considered as a linear 

medium of permeability µl=µ0µrl; 
  4 – the nonmagnetic stator of µ0 permeability. 

 

Fig.1 - The sketch of a bearing with alternating poles in rotor 
The displacement between the rotor axes and stator axes will be denoted by ∆. Because of the 
displacement ∆, the magnetic field has not a radial symmetry, and on the rotor acts a magnetic 
force in the direction to bring the rotor in equilibrium (when it is centered in the bearing). The 
levitation force depends on the displacement ∆, the magnetic properties of the magnetic liquid, 
the permanent magnetization of the magnetic poles and on the geometrical design of the 
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bearing. To evaluate numerically the levitation force, we need to know the magnetic field 
distribution produced by the magnetic poles. 

2   Magnetic Field Equations And Finite Element Formulation 

The bearing that will be analysed is considered to have a long extension along the z axis, fig.2. 

 

Fig.2 – The bearing heaving a long extension on z axes 
The length of the 3D model has been denoted λ/2=lp+l0, a half of wavelength, [6]. It represents 
the length between two orthogonal planes on the z axes that pass through the middles of two 
consecutive poles, fig.3. The radial extension of the 3D model, a cylinder of rext radius, has 
been adopted so that the magnetic field is considered to vanish outside the model. 
The Dirichlet condition A=0 has been considered for the boundary of the 3D model. 
In all domains of the 3D model, fig.3, the magnetic potential vector A satisfies a Laplace 
equation: 

                                                                 02 =∇ A                                                               (1) 
 
as 0=Bdiv , 0=Hcurl , 0=pMdiv  and, pMHB 0µµ +=  in the magnetic poles, HB lµ=  

in the magnetic liquid and HB 0µ= in the shaft, stator and outside the bearing. 

 

      Fig.3 – The geometrical model used in 3D-FEM analyzes 
The 3D-FEM program MagNet 5.0 of the Infolytica was used to solve numerically the field 
problem. The geometry and the finite elements in a orthogonal plane on the z axis of the model, 
generated by the MagNet is presented in fig.4. 
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Fig.4 – The finite elements in a plane orthogonal on the z axis 

To generate the 3D model, the extrusion principle has been used.  
The first order tetrahedrons were used in all the regions of the model except the region of the 
liquid where second order tetrahedrons have been used. In the analysed cases there has been 
used a number of 25000-30000 nodes and 130000-150000 tetrahedrons. 

3   The Numerical Force Evaluation 

The force that acts on the rotor is, [8], [6]: 
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where Σ is the cylindrical interface surface between the magnetic liquid and rotor and 
ndS dS=  is the surface unit vector oriented outwards the rotor, fig.5. 

 
Fig.5 – The cylindrical system of coordinates 

Due to the symmetry of the magnetic field, the integrals on the two bases of the cylinder has 
been neglected. Considering the magnetic liquid as a linear medium of rll µµµ 0=  

permeability, we have: 2
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where Sl is the surface of the cylinder of r2 radius and λ/2 height taken in the points of the 
magnetic liquid. 
Using the cylindrical coordinates (r, θ, z), fig.5, we have successively:  

zr uuuH zr HHH ++= θθ , rundS dSdS == , 222
zr HHHH ++= θ , and 

( ) ( ) zrzr uuuuuunHH rzrrrzr HHHHHHHHH ++=++=⋅ θθθθ
2 . 

The force expression (3) becomes: 
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As the global levitation force that acts on the rotor is different of zero only in the direction of 
the maximum displacement, the levitation force is: 
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The intersection between the 3D mesh of tetrahedron and the cylindrical slice of r2 radius and 
λ/2 height generates a 2D mash of triangles as finite elements.  

 
 Fig.6 – How the cylinder “unwraps”  for a 2D computation 

For an incision made at θ=0, MagNet unwrapped the cylinder of r2 radius, peeling it open from 
the incision line in the manner illustrated in fig.6. 
The resulting rectangular surface has about 20000 elements (triangles). As the elements are 
very small, the magnetic field and its components has been considered constant on each 
element, and (5) becomes: 
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The levitation force that acts on the rotor for the analysed model has been computed 
numerically, using (6) and MatLab medium. 
The levitation force that acts on an unit length of rotor, is: 
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The nodes coordinates and the magnetic field components generated by MagNet (as text files) 
has been used in numerical computation of the levitation force. 
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4   The Numerical Results 

The values of the geometrical quantities used in the numerical computation are: r1=10mm, 
r2=13.57mm, δ=1mm, r3=14.57mm, λ=8.8mm, lp=2.93mm, l0=1.466mm and rext=100mm, 
where δ represents the maximum displacement. 
The results of the numerical simulation of the magnetic field inside the bearing are presented in 
a graphical form. They have been generated by the MagNet 3D-FEM program. 

 
 Fig.7 – The magnetic flux density distribution in the rotor and magnetic liquid 

 

 

Fig.8 – The levitation force versus the displacement ∆ 
Fig.7 presents the magnetic flux density distribution (in Tesla) in the rotor with magnetic poles 
and the magnetic liquid. There has been used a Sa-Co permanent magnet with Mp=754 KA/m, 
µrm=1 and a liquid with µrl=1.2 for a displacement ∆=0.8 mm. The higher values of the flux 
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density in the liquid takes place where the liquid layer is the thinnest (the bottom part of the 
liquid). 
In fig.8 the levitation force that acts on the unit length of rotor has been rpesented versus the 
displacement ∆ for a Sa-Co permanent magnet with Mp=754 KA/m, µrm=1 and a liquid with 
µrl=1.2.  
The curve denoted by (1) has been obtained using a analytical approximate expression for the 
levitation force, [5], [6], and the curve (2) used the numerical 3D-FEM computation. The two 
curves match quite well. 

5   Conclusion 

In [6], [7] there has been proposed an analytical expression for the levitation force that acts on 
the rotor with magnetic poles of a hydrostatic bearing with magnetic liquid. The magnetic 
liquid has been considered as a linear medium and for the magnetic field has been adopted a 
plan-parallel model. The relation for the second order levitation has been used for the force 
evaluation. 
The numerical computation developed in present paper has adopted a 3D model for the 
magnetic field and the levitation force has been calculated using an expression derived from the 
Maxwell tensor. 
The results for the levitation force calculated in present paper match quite well with the 
corresponding results obtained by using the analytical expression. As a consequence, the 
analytical expression of the levitation force could be used to analyse and design cylindrical 
bearings with alternating poles placed in rotor and magnetic liquid.  
The numerical computation developed in present paper is applied also in nonlinear cases 
(considering the magnetic liquid as a nonlinear medium), where the analytical solution is no 
more possible. 
 
References 
[1] R.E.Rosensweig, Thermomecanics of magnetic fluids, Ed. B.Berkovskii, Hemisphere, Washington, 

1978 
[2] B.N.Berkovskii, A.N. Vislovich: Desiatoe Rijkoe Sovesk po Magn. Ghidrodin., vol.III, Riga, pp.97-98 

1991 
[3] I. De Sabata, L. Vekas, On the restoring force of magnetic fluid bearings, Rev. Roum. Sci. Techn., 

Mec. Appl., 34, 1, pp.13-20, 1989 
[4] C. Blaj, Modelization of the magnetic levitation applied on the design of magnetic bearings with 

alternating poles (in Romanian), Doctoral Thesis, Politehnica University of Timisoara, 1999 
[5] I. De Sabata, M. Greconici, A. De Sabata, Restoring force acting on a rotor with alternating poles in a 

magnetic fluid, Rev. Roum. Sci. Techn.- Electrotechn. et Energ., 46, 1, pp.79-88, 2001 
[6] M. Greconici, Research on the cylindrical bearings with magnetic liquid (in Romanian), Doctoral 

Thesis, Politehnica University of Timisoara, 2003 
[7] I. De Sabata, A. De Sabata, Magnetic fluid bearings with poles on the shaft, Rev. Roum. Sci. Techn.- 

Electrotechn. et Energ., 48, 2-3, pp.381-391, 2001 
[8] I. De Sabata, Forţa exercitată de câmpul magnetic a unui corp având magnetizaţie permanentă şi 

temporală, imersat într-un lichid magnetic şi în câmp magnetic, Anale Univ. Oradea, vol.II, Fasc. 
Electrotehnica, 6-14, Oradea, 1991 

 


