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Evaluation of Levitation Performance of Bending Flexible Steel Plate Considering Elastic Mode
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In the conveyance system of a thin steel plate production line, there is a problem that the quality of the
plate surface deteriorates over time because the plate is always in contact with rollers. To solve this problem,
electromagnetic levitation technologies have been studied. We propose a levitation of an ultrathin steel plate that is
suppressed and levitation performance is improved by doing this. In this study, in order to examine the levitation
stability and to compare the levitation performance, bending levitation experiments were carried out using the 1-DOF
model and a continuous model using a thin steel plate with thicknesses of 0.18 mm, 0.24 mm, 0.27 mm and 0.30 mm.
Result showed that using the continuous model, as opposed to the 1-DOF model, resulted in a constant levitation
performance regardless of the tilt angle of electromagnets. This demonstrates the benefit of using the continuous

model for a bending electromagnetic levitation system.
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Fig.1 Electromagnetic levitation control system and
arrangement of electromagnets.
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Fig. 2 Photograph of electromagnet unit.
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Fig. 3 Schematic illustration of experimental

apparatus.
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Fig. 4 Relationship between tilt angle of electromagnet 6
and shape of steel plate.
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Table 1 Symbols and values.

Symbols Values
Z 5.00x103 m
R ~Rs 21.0Q
VY 7.50x103 kg/m3
E 206 GPa
v 0.30
Letr 2.55x10* Hm
Liea 9.00x102H
Ts 1.00x103 s

Table 2 Position of sensors and electromagnets.

Unit Sensor Electromagnet 1 Electromagnet 2
No. Xsn Ysn Xaln Yain Xazn Yazn
2 | [mm] | (mm] | [mm] | [mml | [mm] | [mm]
1 155 85 115 85 195 85
2 645 85 605 85 685 85
3 155 515 115 515 195 515
4 645 515 605 515 685 515
5 400 300 360 300 440 300
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Table 3 Weighting coefficients for 1-DOF model.

h Lo -

[mm] Weighting coefficients

. Q=diag(7.2 x 10, 1.0 X 101, 2.0 X 10°)
: 7=5.0 X 103

-~ Q=diag(1.5 x 105, 5.0 x 102, 1.0 X 10?)
' r3=1.0 x 101

0.97 Q=diag(1.5 x 105, 5.0 x 102, 5.5 X 101)
' r3=1.0 x 101

0.30 Qu=diag(1.4 x 105, 1.0 X 10', 2.0 x 109)
' r=1.5x 101

Table 4 Weighting coefficients for continuous model.

h L -
[mm] Weighting coefficients
Qu=diag(1.4 x 105, 1.4 x 105, 1.4 X 105, 1.4 x 10%, 1.4 x 105)
0.18 Qu=diag(1.0 x 107, 1.0 x 107, 1.0 x 101, 1.0 x 10}, 1.0 x 101
: Qus=diag(2.0 x 109, 2.0 x 10°, 2.0 x 109, 2.0 X 10°, 2.0 X 10)
7a=3.0 X 103
Qu=diag(1.0x 102, 1.0x 102, 1.0x 102, 1.0x 102, 1.0x 102)
0.94 Qu=diag(1.0 x 103, 1.0 x 10?, 1.0 X 103, 1.0 x 103, 1.0 x 103)
’ Qus=diag(1.0x 101, 1.0x 101, 1.0x 10, 1.0x 10, 1.0x 101)
ra=1.3 x 102
Qu=diag(1.0x 102, 1.0x 102, 1.0x 102, 1.0x 102, 1.0x 102)
0.27 Qu=diag(1.0 x 103, 1.0 x 103, 1.0 x 103, 1.0 X 103, 1.0 X 103)
’ Qus=diag(1.0x 107, 1.0x 101, 1.0x 10!, 1.0x 10!, 1.0x 10!)
7a=3.8 X 102
Qu=diag(1.0x 102, 1.0x 102, 1.0x 102, 1.0x 102, 1.0x 102)
0.30 Qu=diag(1.0 x 103, 1.0 x 103, 1.0 x 103, 1.0 X 103, 1.0 x 103)

Qus=diag(1.0x 101, 1.0x 101, 1.0x 101, 1.0x 101, 1.0x 101)
3=2.0 X 101
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Fig. 8 Standard deviation of displacement and levitation probability on different control theory.
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DOFEFD HHFHRE T LTI < LD F EOREELE 722 580
WRIZEDRER DD EEZ 5.

6. %8

ARG SCCIIMR IR D2 BV % BT D H D HEK
OWNEIREN A B8 U725 gz BflEE 7 v &2 v, dilRE
HE &% BMERE O A A4 FEBRAICRHGE L7e. EFikeT L%
HWHLEE ODBEORMNTHNWCE L 1 ABEET VL
% EVERED WL 24T o o 3R, ERAT T L a2 A
52 L THEET HIREET — RO KELAINS 72 D BTRHE O HibH
IZBWT S BIZIREINIH &, @iz FLENEZHED 2
LW TET.
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