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Optimal Levitation Angle of Bent Flexible Steel Plate
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Abstract

We have proposed the levitation of the flexible thin steel plate that has been bent to an extent which has not

induced plastic deformation. To elucidate the bending levitation performance, ultrathin steel plate with a thickness

of 0.24 mm, 0.27 mm and 0.30 mm were levitated and the relationship between tilt angle of electromagnets,

standard deviation of displacement and levitation probability was evaluated. Furthermore, to elucidate the effective

tilt angle of electromagnets for bending, the shape of the steel plate was analyzed using the finite difference

method. As a result, the standard deviation of displacement decreased and levitation probability increased by

bending the steel plate to the extent that did not exceed natural deflection angle. Also, the optimal tilt angle of

clectromagnets was estimated by shape analysis result and it matched with the experimental result. When levitating

thin steel plate at the optimal tilt angle of electromagnets attained by the finite difference method, stable levitation

performance can be achieved.
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Fig. 1 Photograph of electromagnet unit
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Fig. 2 Electromagnetic levitation control system
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Fig. 3 Photograph of experimental apparatus
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Fig. 5 Relationship between tilt angle of electromagnets 6
and shape of steel plate
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Fig. 6 Shape analysis of steel plate (9 = 10° )
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Table 1 Natural deflection angle

Plate thickness | Natural deflection angle
h [mm] Ona [ ° 1]
0.24 10.8
0.27 8.5
0.30 6.9

Table 2 Parameters and values

Parameter Value
P 7500 kg/m’
/ 0.43 m
d 0.085 m
E 206 GPa
% 0.3
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Fig. 7 Relationship between tilt angle of electromagnets

and standard deviation of displacement at sensor No. 1
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