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Development of Bending Magnetic Levitation System for Thin Steel Plate
(Experimental Consideration on Levitation Performance Using Sliding
Mode Control)
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Research on non-contact transport technology is being carried out in order to apply magnetic levitation
technology using electromagnets to the transport systems used in production lines for thin steel plates. When an
ultrathin and flexible steel plate is to be levitated, levitation control becomes difficult due to the flexure of such a plate.
Therefore, we previously proposed a bending levitation system in which an ultrathin steel plate is bent to an extent
that does not induce plastic deformation. However, in an actual usage environment, there are electrical noise and
mechanical disturbances, which deteriorate the levitation performance. To investigate the levitation stability of an
ultrathin steel plate in this case, we applied sliding mode control in the bending levitation system. Sliding mode control
theory is a robust control theory that hardly deteriorates the control performance even in the presence of modeling
errors and disturbances. We conducted experiments on levitation performance with an electromagnet that was
vibrated in the vertical direction. The results show that stable levitation can be realized even with input external
disturbance when the steel plate is levitated at the optimum bending angle.
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Fig.1 Electromagnetic levitation control system.
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Fig. 2 Schematic illustration of experimental apparatus.
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Fig. 3 Photograph of electromagnet unit and vibrator.

Table 1 Specifications of vibrator.

Maximum excitation force 98.1 N+ 5%
Maximum acceleration 264.8 m/s? + 5%
Frequency range 3 Hz—13 kHz
Maximum input current 5.5 A+ 5%
Maximum speed 1.17 m/s
Maximum amplitude 10 mm

Steel plate 215mm Electromagnet

g

(a) 0=0° (b) #=13°

Fig. 4 Relationship between tilt angle of electromagnets
Hand shape of steel plate.
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Fig. 5 Theoretical model of levitation control.
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Table 2 Symbols and values.

Table 3 Weighting coefficients for sliding mode control.

Symbol Value Qa rdq n BaG)
i 5.00 107 m diag(7.2 x 104,001 X 10,20 x 109 | 2.9x 103 006 | 11
Kem 2.55 x10* Hm
Liea 9.00 x102H
PR Rs 21.0 Q
Ts 1.00 X 103 s
Table 4 Table judging results of levitation probability experiment.
Levitation pattern Result
After steel plate left jack, it did not make contact with electromagnet and kept levitating for 30
1 Success
seconds.
2 After steel plate left jack, it fell or made contact with electromagnet within 30 seconds. Failure
3 When control started, steel plate made contact with electromagnet or attractive force of Retry
electromagnet was small, so plate could not levitate.
4 Steel plate made contact with electromagnet while jack was lowered. Retry
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Fig.7 Time histories of displacement of thin steel plate (electromagnet angle 8= 0°).
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Fig. 8 Time histories of displacement of thin steel plate (electromagnet angle 6= 13°).
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