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Abstract—Permanent magnet bearing system ntilizes the repul-
sive forces between the stator and rotor permanent magnets (PM)
for the levitation of the system and it results a simplified axial con-
trol scheme. A repulsive type magnetic bearing system based on the
above principle was fabricated in our laboratory. Material charac-
teristics and the configuration of the permanent magnets are the
central component for this type of bearing system. Due to aging
or as both the magnets are repelling each other, there will be de-
magnetization of the permanent magnet, resulting the field distri-
bution along the magnet’s periphery nonuniform. In this paper the
effect of this magnetization nonuniformity on the performance of
the bearing system has been studied.

Index Terms—Magnetic bearing, magnetization and nonunifor-
mity, permanent magnet, repulsive type.

[. INTRODUCTION

OR QUITE a long time, the authors are involved on the de-
F sign and development of repulsive type magnetic bearing
to be.used for horizontal and vertical-shaft machines. Two types
of models have been fabricated and developed in our labora-
tory and their performance are studied [1]-[3]. In repulsive type
magnetic bearing system the permanent magnets are used for the
levitation of the rotor and the system is stable along the radial
direction. The forces acting between the stator and rotor per-
manent magnets along the radial direction are same, as a result
the_rotor is positioned in the center of the stator. This 15 based
on the assumption that the magnetization of the stator and rotor
permanent magnet-is uniform.

The repulsive forces are developed as both the magnets are
repelling each other, and as a result, there are possibility of de-
magnetization of the permanent magnet. Even with aging there
will be a slight demagnetization. There may be some magneti-
zation asymmetry due to some manufacturing defects or fabri-
cation difficulties. Whatever may be the reason, this nonunifor-
mity of magnetization has some effect on the performance of
the bearing system. There will be oscillations of the rotor and in
the worst case, the rotor may hit the stator inner surface. In this
paper the authors intend to study this effect.

II. SYSTEM CONFIGURATION

Fig. 1 shows the configuration of the vertical-shaft magnetic
bearing system fabricated in our laboratory. The stator and rotor
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Fig. |. Fabricated model of the magnetic bearing system.
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Fig. 2. Permanent magnet configuration,

PM’s are placed at either end of the shaft. The stationary elec-
tromagnet, a rotor flywheel with conducting surface at one side
and the induction motor are located at the middle of the shaft.
The repulsive forces developed by the two sets of bearings are
not sufficient to levitate the rotor {3]. So the current applied to
the electromagnet 1s used to levitate the rotor as well as to con-
trol the axial position of the rotor. Gap sensor 15 used to measure
the gap between the electromagnet surface and the flywheel sur-
face. The mass of the rotor is 5.5 kg, the length of the shaft is
420 mm and the diameter of the flywheel 1s 200 mm.

Axially magnetized circular permanent magnet made of
strontium—ferrite magnet has been used for the bearing. The
configuration of the permanent magnet 1s shown in Fig. 2.
Two magnets, each having outer diameter, inner diameter and
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Fig. 3. Flux density distribution.

width of 100 mm, 60 mm and 15 mm respectively are used
for the stator. Four magnets, each having outer diameter, inner
diameter and width of 52.5 mm, 20 mm and 5 mm respectively
are used for the rotor. The system is a single axis controlled
system. Z-axis is the controlled axis and the X, Y axes are the
uncontrolled axes.

If]l. VIBRATION CHARACTERJSTICS

The system was fabricated more than three years ago. At that
time the field distribution around the periphery of each and every
magnet was measured and found uniform. The performance of
the system was also very much satisfactory. Recently the rotor
shows unwanted oscillating vibration along the X and Y axes.
Since those are the uncontrolled axes, the level of vibration has
a limit on the stable operation of the bearing system.

In order to investigate the reasons of the vibration of the rotor,
the flux-density distribution around the periphery of the magnets
1s measured again with the help of gauss meter. Fig. 3 shows
the flux-density distrnibution along the periphery of the surface
of the stator and the rotor magnet. It 1s seen that the field dis-
tribution is nonuniform in nature and is the main cause of the
rotor vibration. This nonuniform field distribution has the effect
of developing the unbalanced magnetic pull between the stator
and the rotor permanent magnet which causes the unwanted vi-
bration of the rotor. It has also the effect of generation of the
eddy current in the rotor permanent magnet and consequently
an increase in the power loss of the system.

The vibration characteristics with the nonuniform field dis-
tribution of the magnet has been measured. Fig. 4 shows the
characteristics while only the rotor magnet has the nonunifor-
maty and Fig. 5 shows the characteristics while only the stator
magnet has the nonuniformity of the magnetization. It 1s seen
that the stator nonuniformity has much more strong influence
compared to the rotor nonuniformity and it has displaced the
rotor from the central position. The effect of this nonuniformity
on the energy storage has also been examined. Fig. 6 shows the
deceleration characteristics of the rotor with the uniform and
nonuniform magnetization of the PM’s while the whole system
1s placed in a helium gas chamber. There is a slight effect on
the rate of deceleration of the speed and in our experiment the
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Fig. 4. Vibration characteristics with the nonuniformity in rotor.
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Fig. 5. Vibration characteristics with the nonuniformity in stator.
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Fig. 6. Deceleration characteristics of the rotor.

difference of stored energy was about 2.2 joule after 1400 sec-
onds. This 1s due to the very low conducttvity of strontium fer-
rite magnet (<10000 S/m). The generation of eddy current in
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Stainless steel (SUS430,0.5mm thick)

Stator magnet

Fig. 7. Configuration of stainless-steel plate.

the rotor magnet due to the nonuniform magnetization 1s not so
severe.

IV. METHOD OF IMPROVEMENT

Since the replacement of the magnets is a costly solution, the
other options are explored. As both the stator and the rotor PM
assembly consists of more than one magnet, magnets in the as-
sembly are rotated to change the relative position with respect to
each other. Even though this has improved the flux density dis-
tribution compared to the earlier situation, it was not possible to
operate the system under stable operating condition. From the
experimental observation it has been noticed that even unequal
but smooth flux density distribution has a strong positive effect
on the vibration characteristics. If the flux distribution 1s made
smooth, the level of vibration could be reduced to a low value.
In order to make the field distribution smooth for the magnets,
different’ possibilities have been tried and a simple and cheap
solution has been found. Different thicknesses of metal plate
made up of different materials are attached to the stator magnet
as shown in Fig. 7 and experiments were carried out. Satisfac-
tory performance was obtained with a 0.5 mm thick stainless
steel plate. Due to the presence of slight magnetization in the
stainless steel plate, it changes the flux distribution of the PM
assembly. At the same time as the conductivity of the stainless
steel is low, the eddy current loss also will be low. The flux den-
sity distribution has been measured and is shown in Fig. 8. It
is seen that the flux density distribution has become smooth al-
though there is a slight reduction of absolute magnitude of the
flux density.

As the strontium—ferrite magnet 1s brittle in nature, there 1s
difficulty of fixing the plate on the rotor magnet as the possi-
bility of flying away at high speed exists, With the piate the
system has been made operational and the vibration characteris-
tics were measured. Fig. 9 shows the vibration characteristics of
the rotor with the stainless steel plate fixed on the stator magnet.
It is seen that the level of vibration has been reduced and also
the rotor displacement from the central position 1s negligible.

V. CONCLUSION

This paper has studied the effect of nonuniformity of the mag-
netization of the permanent magnet on the performance of the
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Fig. 9. Vibration characteristics of the rotor.

repulsive type magnetic bearing system. It has been seen that
due to the nonuniformity of magnetization, unwanted vibration
of the rotor were observed and the rotor was displaced from
the central position. A simple method of improvement has been
discussed which has smoothed the flux distribution and conse-
quently there is a reduction of vibration level.
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