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Effects on Levitation Characteristics by Plate Thickness of Thin
Steel Plate on Magnetic Levitation Transport System
Using Horizontal Positioning Control
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Thin steel plates are widely used in various industrial products. However, there are problems with
deterioration of surface quality and metal plating that occur during transport. As a solution to these problems, the
non-contact transport of steel plates by using electromagnetic force has been proposed. However, there is a risk that
side slipping or dropping of the plate may occur. We propose the addition of electromagnetic actuators to control the
horizontal motion of levitated steel plates. In this study, we examine the change in levitation stability during
non-contact transport with the addition of positioning control in the horizontal direction in the case of changed
thickness of the steel plate. Results, show that the application of a magnetic field in the horizontal direction improves

the levitation stability of transported thin steel plates with different thicknesses of the plate.
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Fig.1 Photograph of conveyance system
of the steel plate.
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Fig. 2 Schematic illustration of electromagnetic
levitation system.
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Fig. 3 Placement of electromagnetic levitation system.
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Fig. 6 Schematic illustration of electromagnet.
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Fig. 7 Theoretical model of levitation control
of the steel plate.
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Fig. 8 Theoretical model of horizontal positioning
control of the steel plate.
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Fig. 9 Relationship between steady current I,
thickness A and average deflection /..
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Fig. 10 Time history of command
transportation velocity.
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Fig. 11 Time histories of vertical and horizontal
displacement of the steel plate.
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Fig. 12 Time histories of vertical and horizontal
displacement of the steel plate.

(0.18 mm)

o 035 « ‘
2 g 0.3 \ —~-0.18 mm
£50.25 #024mm
%2 02 ‘
< 9
- £0.15
58
= S 0.1
5.5 0.05
0n s

0

0 01 02 03 04 05

Steady current 7, [A]

Fig. 14 Relationship between steady current /y and
standard deviation of displacement z.

?J573 024 mm KV BIRIBOHHIAHER TE 5. Fig 9 DR

fRNTERE L 0, BB L= 0.5 A (23T DEMI R AT D5 1)
[IAE 0.18 mm T0.184 N, 0.24 mm T0236 N ThHh-o7=. 2D
L& 1 g 720 O51771% 0.18 mm T 2.72x104 N, 0.24 mm
T261x10% N L72%. PLED Z & BRI 5k oD
VP DR IAKE N, INEGERF O DM CE 7= L5

80 Transaction of the Magnetics Society of Japan (Special Issues) Vol.1, No.1, 2017



Zbhb.

—J5, $METROENATHERE & FR I L OBIRE Fig. 14
\ORT. ARFERTITT R TORIHIIBN TR LSO 27 255
PEHI—ETH D, U S0 B PP THRIEIO & EiiE
(2 X0 GBI ) NS5 2 & T B MOZENES £
D MR CE T, IR ST Y, SATES A CIIR
JEASH AT M) Lo 9 B & Ao 7
5.3 BLRERRER

PESFIENTRRIE LT8R 2 S OB | 1A 2T OOV B
HEIZ -2 2 8 EHIN ) DRI 57260, PO ik
REBUF U7, ESE 5 T FkE, MBERE 049 m/s? & L, L=
0 A~0.6 A DFIPATAERE L7z, KHRHTT 50 EREEFBRAT T,
WO HHERATIE LTz, Z 0 & i5%% 30 MR L Usil T
TR EETE FEEhE L, s PR SR T T3 L O 711
DOERANIHR T IEE T UISEE 2 e Uiz, 72k 30 7
i 925513581 ERIE & 72 570 10 50LL i kS The
ThdHIZ a2 TMIFREL VHERL TS,

BES IV D A L & V7 FREEORIR % Fig. 1512
A9 TR 0 ARHIHEICIE EOPESAH RN T HIR EANERFC
XpIpoToy, L=0.025A ZANNT 22 E1CkY, 3 el K
&< R Uz ETEROBIED S~ 0.18 mm D50 573
PEHOTF EERTAAARNAR 523, EREREA NS S
WA, T FHERE R MM b, RBARV AT Al
L=1.0A N THIUTFR A5 7o Rl Az ESg 5 Z &
TEDHM, L=05A THIITERIFHIIBN TR L 100% &
720, IR FEEDMRSIND Z E Mo T

6. #

ABIFFE EETT TN R E U 7= BB 70> B OG5 | 7 Milsrh Ol
S SRR OO EMEREIZ -2 DR BR T OV TR B 728, IR
0.24 mm FBLOV0.18 mm DOFRZ FV - CHEBS T TAIERAa OE T

100
= 90
*? 80
= 70
2 60
e}
: 50 [
[=3
g 40 --0.18mm |
2 30 |
‘E 20 *0.24 mm
Ept —
0
0 0.1 0.2 0.3 0.4 0.5 0.6
Steady current 7, [Al
Fig. 15 Relationship between steady current /x and

levitation probability.

A2 L SO & RA T o 7. Z ORI AN
& U7 Elen O H B L 0 St 2R AN s %
Z&T, BRI 72 EOEIRTH B ACE I RIOENI T E, 4K
JE2SHERAN T EERESTOIRBIDIBER b3 bz, 202 e
BIKIEITID S DB HERE T RO R AT sy
\ZHAS DB AT 2R 5 Z L AW HNT LTz

References

1) S. Matsumoto, Y. Arai, and T. Nakagawa: IEEE Trans. Magn.,
50, 8600304 (2014).

2) T. Namerikawa, and D. Mizutani: 7rans. IEEJ., 36, 1319
(2006).

3) M. Morisita, and M. Akasi: IEEJ Trans. Industry Appl., 119,
1289 (1998).

4) Y. Oshinoya, K. Ishibashi, and T. Sekihara: 7rans. Jpn. Soc.
Mech. Eng. Ser. C, 68, 1428 (2002).

5) T. Narita, T. Kurihara, and H. Kato: Mech. Eng. J., accepted.

6) Y. Oshinoya, S. Kobayashi, and K. Tanno: 7rans. Jpn. Soc.
Mech. Eng. Ser. C, 62, 3067 (1996).

20165F11 A3AZE, 20174R3A21 B#RE%

Transaction of the Magnetics Society of Japan (Special Issues) Vol.1, No.1, 2017 81





