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Design and Analysis of a Passive-type Self-bearing Step Motor
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ABSTRACT

This paper introduces a new self-bearing motor which combines a homopolar step motor and a passive
magnetic bearing. Compared with conventional self-bearing motors which are mostly based on the theory of
active magnetic bearings and therefore have some difficulties in design of the complicated flux distribution
and control of the levitation force and the torque independently, the proposed self-bearing motor has a very
simple and novel structure and operating principle. For the levitation, it works just like passive magnetic
bearings which use the repulsive force between permanent magnets. On the other hand, its rotation principle is
quite similar to that of a conventional homopolar step motor. In this paper, we introduce the basic structure
and the operating principle in detail, and show some results of FEM analysis to predict the performance of the
proposed self-bearing motor and further, to get the optimal design parameters.
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Fig. 1 Prototype of passive self-bearing step motor
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Fig. 2 Basic repulsive structure applied Halbach array
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Fig. 3 Concept of Levitation applied Halbach Array.
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Fig. 4 Basic principle of self-bearing step motor(Unit
pulse rotation)
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Fig. 5 Repulsive force of Halbach array and Oppsiting
array of PM.
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Fig. 6 Repulsive force in thickness ratio of Halbach
array PM.
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Fig. 7 Repulsive force FEM Analysis of Halbach array
of PM.
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Relation 1 Stator Slot with 1 rotor teeth
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Fig. 8 Repulsive force according as E.M. core height
and air gab.(1slot stator magnet and rotor)
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Fig. 9 Radial Direction of Repulsive force in Symmetry
Structure
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Fig. 10 Torque analysis principle at 3? intervals
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Fig. 11 FEM Torque analysis at 3° intervals
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