835

oooooooboooooooooo s
00o0o0ob0O20000000000

oooo*, oooo*2 ooooo !

Multi DOF Non-Contact Manipulation Using Permanent Magnet
(Positioning Control in a Vertical Plane)

Koichi OKA*1, Akira TSURUMI, and Toshiji MORIMITSU

*1 Intelligent Mechanical Engineering, Kochi University of Technology
Miyanokuchi 185, Tosayamada-cho, Kami, Kochi, 782-8502, Japan

This paper describes non-contact manipulation mechanism of multi-DOF (degrees of freedom) magnetically
suspended system. This manipulation system uses unique suspension mechanism whose suspension force is controlled
by air gap length. This mechanism is composed of permanent magnets and linear actuators. We study the stability of
a 2 DOF suspension system which manipulate the object in the vertical plane. To analyze the stability of the system,
we assume that the attractive force acts on the direction from the magnet tip to the center of the object, and is inversely
proportional to the square of the air gap length. In this paper, the principle of the suspension mechanism is explained and
a prototype 2 DOF system is introduced. We make a linearized model of the system and the feedback gains are calculated
by linear control theory. Numerical simulations on the nonlinear 2 DOF system are carried out. In experimental system,
the magnetic field analysis is investigated on the system by an integral element method and the characteristics of the
system are studied. Non-contact suspension is examined experimentally. Numerical and experimental results support the
feasibility of the multi-DOF non-contact manipulation system.
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Y permanent magnet

suspended object
Fig. 1 Outline of 2 DOF Suspension System Fig. 2 Model of 2DOF suspension system
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fay = —ky/I3 )
fyx=—kx/I3 (4)
fyy=K(ym—y)/I5 %)

gboooboobooooboobooboobooboooboooboxoboyooboooobooboooooo
oooooooooboo

MX = fyx+ fyx—mg/v/2 (6)
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Fig. 3 Simulation result of 1 d.o.f. system O Fig. 4 Simulation result of 2 d.o.f. system O
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Fig. 7 Simulation result of 1 d.o.f. system O Fig. 8 Simulation result of 2 d.o.f. system O
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Fig. 11 Simulation Result of 2 DOF System with Force Input (initial deviation = 0.03)
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