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Fundamental consideration on vibration mechanism in thin steel plate
with curvature during magnetic levitation
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Research was conducted on non-contact transfer technology for applying magnetic levitation technology that
uses electromagnets to thin steel plates. We previously succeeded in improving the levitation performance by bending
a thin steel plate within a range that did not plastically deform it. In this study, to clarify the vibration mechanism of
the steel plate during levitation, we performed a modal analysis, a frequency response analysis on a plate, and a
bending and levitation experiment with a type of disturbance that has the most influence on such plates. As a result,
it was found that the bending and magnetic levitation is effective for improving the levitation performance because
the vibration mode became dominant when bending the thin steel plate and the levitation performance could be

maintained even when the disturbance was input.
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Fig. 3 Shape analysis of steel plate.
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(a) Elastic 1st mode in y direction (£= 6.20 Hz)

(c) Elastic 3rd mode in y direction and elastic 1st mode
in x direction (= 19.65 Hz)

(d) Elastic 5th mode in y direction (= 41.69 Hz)

Fig. 4 Shape analysis of steel plate.
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Fig. 5 Electromagnetic levitation control system and
arrangement of electromagnets.

Gap sensor

Electromagnet

Steel plate

Frame no. 1 Gap sensor

Frame no. 2

Electromagnet
Slider &

—A
Front view

Side view(A-A' section)

Fig. 6 Schematic illustration of experimental
apparatus.
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Table 1

Representative value of resonance

frequency.
Tilt angle of electromagnets | Resonance frequency
[deg] [Hz]
10 2.67-10
13 3.56-9.78
15 3.11-10
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Fig. 7 Theoretical model of levitation control.
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