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Magnetic Model for Spinning Motion of Iron ball by Linear Actuated Permanent Magnet

OE [ Z— (@mIFKE),

FOBA M (EE IR

Koichi Oka, Kochi University of Technology, Miyanokuchi 185, Tosayamada-cho, Kami-shi, Kochi, 782-8502

Akira Tsurumi, Kochi University of Technology

Abstract: This paper describes an analysis of torque characteristics of a noncontact spinning system using linearly actuated magnets.
This noncontact spinning system spins the suspended object (here is an iron ball) without contact by the remanent magnetization and
the linear movement of four permanent magnets. In this paper, the remanent magnetization point is modeled, and the rotational
torque of this mechanism is calculated by IEM (Integral Element Method) analysis. The rotational torque is also measured using
a measurement device with strain gauges. According to the IEM analysis results and the experimental results, the rotational torque

characteristics of the noncontact spinning system are discussed.
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Fig. 1 Configuration of noncontact spinning system.
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Fig.2 Suspension System.
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Fig.3 Principle of Spinning.
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Fig.4 Block diagram of Spinning Controller.
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Fig.5 Magnetic flux density along equator of iron ball.
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Fig.6 Modeling for remanent magnetization point.
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Fig. 11 IEM model with two remanent points on equator.
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Fig.12 IEM results with two remanent points on the
equator and 45 degree between each other along the equa-
tor (L=10mm, P=39mm).
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Fig. 13 Angle relationship of stable points of Fig.12.
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Fig. 14 IEM results with two remanent points and 45 de-
gree between each other along the equator. Point A is on
the equator; Point B is at the upper position where is 45
degree from the equator (L=10mm, P=39mm).
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Fig.15 Angle relationship of stable points of Fig.14.
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Fig. 16 IEM results with two remanent points and 45 de-
gree between each other along the equator. Two points are
all at the upper positio where is 45 degree from the equator
(L=10mm, P=39mm).
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Fig. 17 Angle relationship of stable points of Fig.16.
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Fig. 18 Experimental measurement device.
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Fig. 19 Experimental results with one remanent point.
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