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Movement Consideration from Magnetic Forces
Calculation of Rotating Magnetic Bearing
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Abstract: This study presents the comparative studies between an analytical and numerical calculation of
magnetic forces of a radial magnetic bearing. When an unlaminated rotor rotates in a radial magnetic bearing,
eddy currents are caused to flow mside the conducting material of the rotor. These eddy currents change the
magnetic field of the radial bearing and therefore, the forces on the rotor depend on the eddy currents.
Additionally to the levitation force, a tangential force acts on the rotor. When this rotor 1s excited, the tangential
force additionally leads to a cross coupling between the x and y axis which may destabilise the system. It will
be shown that the forces of a radial magnetic bearing depend on the pole configuration. It can be seen that the
calculation of forces depends on the configuration of the system which considered two, NSNS and NNSS.
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INTRODUCTION

An  analytical solution has some advantages
compared with numerical results achieved with finite
element analysis because it gives a better insight into the
problem.
Furthermore,

bearings often do not succeed. Tn order to achieve a

numerical calculations for radial

correct and stable numerical result a small grid width and
a large number of elements i1s necessary for higher
velocity (rotational speed) the number of element
increases rapidly and it may reach computational limits
(Allaire et al., 1995) however, the analytical methods
suffer when the geometry of the design study are more
complicated and sometimes the implementation of
boundary and flow conditions are practically impossible.
In this research, researchers compare the result of
magnetic forces, rotational velocity, power losses etc.,
issued by the two methods and we observe how the flux
changes due to eddy currents by FEM.

MATERIALS AND METHODS

The scheme of the design in reality is shown in
Fig. 1 because of its unlammated rotor it can be
transformed on two-dimensional model as shown in
Fig. 2.

For the following calculations, all magnetic poles of
the radial bearing are assumed to be identical. In order to
solve Maxwell’s equations 1t 1s necessary to define

appropriate boundary conditions. The magnetic flux
density at the boundary between the stator and the
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Fig. 2: Moving conducting medium under the applied
flux density Bo
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air gap, conductivity and permeability are assumed to be
constant. The applied flux density is periodic and
hysteresis effect are neglected. Another assumption is
that the magnetic field and induced currents tend to
concentrate at the swface of the rotor. When the
penetration depth 6 = (2/(apf2))"* of the magnetic field is
small compared with the diameter of the rotor the error
using cartesian coordinates (x, y) instead of cylindrical
coordinate (r, @) 1s small.

The rotational speed € can then be replaced by
the velocity Vx =(¥/R, hence the problem of arotor
rotating in radial bearing can be approximated by a
semi-infinite conducting plate moving under magnetic
poles.

RESULTS AND DISCUSSION

Fourier approximation: In the first step, the flux density
will be approximated by a Fourier series (Marko, 1986).

B, :iAn cos(k,x)+B,_ sin(k x)

n=1

B :iAn 7jBn e_lk,.X +An+jBn e’Jk“X (1)
’ n=1 2 2
B,=> Ce" + C e k"
The representation of flux density and its

development in Fourier’s series transform for the two
configurations (NNSS and NSN3) are shown m Fig. 3 and
4. Comparing the two Fourier series are shown in Fig. 3
and 4, it can seen that the configurations NNSS have more
harmonic components than NSNS one.

Magnetic fields: In this study, all calculations will be
shown for one term Bo = C x exp (jKx) of the harmonic
components but the final result s the sum of each
components (superposition theorem).

Maxwell’s equations without time variant fields can
be combined to have second order partial differential
equations as:

VXE=0

(2)
VxB=1]
The material equation 1s:
B=pH=p 4 H (3

Ohm’s law is given by:
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Fig. 3: Approximation and development in Fourier’s series
of flux density Bo(x) of NNSS configuration
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Fig. 4: Approximation and development in Fourier’s series
of flux density Bo(x) of NSNS configuration

I=6¢(E+vxB) )

Equation 2-4 can be combined to second order partial
differential equations:

LVEB+V><(va):o (5)

Ho

The flux density has components in x and y
directions. Conductive part is moving m x direction:

B, 0 v,
B=| B, .= 0 |,v=|0 (6)
0 I 0

Z

B, B, and J, are function of x and y. Conbining Eq. 5
and 6 leads to:
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The magnetic flux density is driven by the applied
magnetic field density Bo. Hence, the solutions with the
same travelling ware dependence on x are assumed and

the flux density takes the form:

B(x,y)=B(y)e™ (8)
The Eq. 7 can be transformed to:
=
é BX—qZEX:O (9)
ay,
-
aayy_qZEy_o (10)

With:

q=4/k’+kopuv,
The solution domain is divided into two regions:

Region 1: Corresponding to the air gap (0 = 0)

Region 2: Corresponding to the moving conducting
medium.

Forces calculation: To calculate the forces acting on the
conducting medium we use Maxwell’s stress tensor (Jufer,
1979), the tangential force; corresponding to x and the
normal force; corresponding to y are expressed as:

1
F,=——¢§B,B,da

%? ' (11)
szai;(BifBQda

where a 18 any closed surface surrounding the conducting
body. Tt’s useful to choose the swrface at y = A and
mtegrate x from O to 21 and y from 0 to b, where b 1s the
longitudinal length Fig. 1. After several stage of
calculation the forces will have the following shape:

gzﬂﬁff%q{%‘qﬂ
Y Yalik,

:uu n=1 K (12)
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C,.q,and 7, are the conjugate complex values of C,, q,
and +y,. The subscript n refers to the n-th harmonic of the
applied flux density series. It 1s interest to see the
variation of force as function of velocity Fig. 5. We note
that the levitation force Fy contrary to drag force Fx
decrease when velocity increase and this is a major
inconvenient because we search always to save the force
of levitation as constant as possible. If we compare the
two configurations we can classify the NSNS as the best
on account of low variation of forces caused by velocity
nerease.

Moreover to the first advantage, we can see
also that the NSNS configuration have the least power
losses quantities (P v.Fx) compared to NNSS
configuration (Alwens and Kucera, 1996) (Fig. 6). For
axisymetrical calculation we consider a real model as
shown in Fig. 1 in this case, the reaction of excited
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Fig. 5. Forces as function of linear velocity, upper
curves: levitation force Fy, lower curves; drag
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Fig. 6: Power losses as function of linear velocity
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Fig. 7. Approximation and development in Fourier’s
series of flux density Bo(x) of NNSS configuration
in axisymetrical case
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Fig. 8: Forces as function of linear velocity

rotor cause a change m flux density, therefore the new flux
density source 15 shown in Fig. 7. Respecting the
conservation low of the total energy of a system
(Ahrens and Kucera, 1996). The result of forces is shown
in Fig. 8, in which we see the same phenomenon’s when
we have taken the cartésian model Fig. 5.

Numerical application: Numerical application 1s realized
for confinming the result obtained by analytical one. In the
calculation, we use the same formulation as Eq. 5 in term
of magnetic vector potential A. The source variation is
considered for respecting the variation of flux density
Fig. 7. The solution expressed by vector potential A 1s
shown in Fig. 9 and 10. For the two values of velocity (10
and 300 m sec™). From Fig. 11 and 12, we can say that the
results concerning the values of forces and power losses
are suitable and confirm enormously with those obtained
by analytical approach.
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Fig. 9: Petential vector A atv=10m sec™’
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Fig. 10: Potential vector A at v = 300 m sec™’
800
700
600

5004

F[N]

400

300

200+

1004

0 T T T T T |
0 50 100 150 200 250 300
V(msec ')

Fig. 11:Forces as function of linear velocity (Numerical

results)
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Fig. 12: Power losses as function of linear velocity
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CONCLUSION

This study shows a model for eddy currents in an
unlaminated rotor, rotating inside a radial magnetic
bearing. The levitational force and the drag force acting
on the rotor is calculated using analytical and mumerical
methods in which we have seen:

¢ The advantage of NSNS configuration compared with
NNSS one

¢+ How to introduce the change of flux
density caused by excited rotor in axisymetrical
approach

¢ The confirmation of analytical results by

obtaining a comparable and significant numerical
one
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