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Evaluation of High-Speed Rotation Characteristics and a Proposal for Avoiding the Vibration

Mode in Repulsive Type Magnetic Bearing Systems Using Permanent Magnets
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This paper reports on the performance characteristics
of the permanent magnet repulsion-type magnetic
bearing, which has a vertical-shaft-type inner rotor with
polygon scanner mirror facets. In general, though this
type of magnetic bearing system has the feature that
the radial stiffness is constant in the permanent magnet
sections at a steady position, if the radial stiffness can
be changed by an axial active control, various
applications of this system can be expected. We propose
the generation of a radial restoring force, using an iron
board with a conical surface set up in the rotor shaft.
Stable rotation at a maximum rotation speed of about
50000 rpm is achieved, and a change in the radial
stiffness in the noncontact levitation condition is
confirmed.
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Fig. 1 Configuration of the repulsive-type magnetic
bearing. The rotor has an iron plate with a conical

surface and a body with polygon mirror facets.
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Fig. 2 Axisymmetric FE model for analyzing the

repulsive force.

15—

S
T

w
T

'
w
T

X-direction repulsive force (N)
: f=3
T

o
T

—0— Only PMs
—<C— With all sections []

e i
-1 05 0 0.5 1
Displacement (mm)

'
[

Fig. 3 Repulsive force characteristics along the X-axis.
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Table 1 Principal parameters of the magnetic bearing.

Mass of the rotor 0.126 kg Axial repulsive force| 2.25 N
Length of the shaft 81 mm Axial airgap 0.63 mm
Rotor diameter 40  mm Resistance of EM.1| 5.5 Q
Dimensions of the rotor PM 8#X4#x8 mm EM2]| 22 Q

stator PM{ 149x 108x8 mm|| Inductance of E.M.126.45 mH

Axial stiffhess 13.78 kN/m EM.2 [ 1.74 mH
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Fig. 4 Schematic of the controller and measuring

system.
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Fig. 5 Noncontact levitation characteristics for the

axial direction: (a) at zero speed, (b) in steady

rotational state at 19400 rpm.
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Fig. 6 Photograph of the experimental setup.
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Fig. 7 Characteristics of the radial vibration vs.

rotational speed up to 50000 rpm in vacuum.
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Fig. 8 Comparison of power consumption in the air
and in low vacuum.
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Fig. 9 Response characteristics for the axial

direction, with the step current input into E.M.1 and
EM.2 simultaneously (a) at zero speed, and (b) in
steady rotational state at 19400 rpm.
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Fig. 10 Comparison of the impact response

characteristics with and without a current of E.M.2 in

a condition of noncontact levitation at zero speed.
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