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Experimental study on steel plate shape in magnetic levitation system
using both electromagnet and permanent magnet
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In the process of manufacturing thin steel plates, the deterioration in the surface quality of steel plates is a serious
problem caused by contact between the plates and rollers. To solve this problem, our research group considered non-
contact suspension by using electromagnetic levitation. When the thickness of a steel plate is too thin, levitation control
becomes difficult because the deflection of the steel plate leads to complex vibration. Therefore, we previously proposed
adding permanent magnets to suppress the deflection. The patterns in which the magnets were arranged were too
large in number to find the optimum arrangement experimentally, so we applied a genetic algorithm to search for the
optimum arrangement. In the previous study, optimization was carried out to suppress the average and maximum
deflection of steel plates equally, and we confirmed that the levitation performance was improved by applying an
optimized arrangement of permanent magnets. In this paper, we optimized the arrangement by changing the weight
factor of the average and maximum deflection with the genetic algorithm and performed a levitation experiment by
using this optimized arrangement. From the results, we found that this change had a positive effect on levitation
performance.
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Fig.1 Outline of electromagnetic levitation control system with
permanent magnets.

0.16

L
0.14 \\
0.12

z \
o
S 0.1 N
= 0.08
o 0.
2 \
S 0.06 \
£
< 0.04 \
0.02
0
40 45 50 55 60 65 70 75 80

Gap (mm)

Fig. 2 Relationship between gap and attractive force in
analysis.
DORERHFFLL0.12 T ThHD. ORI A S
DB NI I AE T & R OIEE CLT Gap) (2%
CTEET 2. ZOREZAET 2720, 200mm X 200mm X
0.24 mm OO AR IREAHTRE SN ET VEVERL,
ATRESRIEIC LD BRI 21T o 7= SBRESYIRT L 0 155z
Gap EHIIZHAT W5 ) DBHRE Fig. 2 1T~ d. B LKA
AT I ERI D BRI D 72 207 B 2O\ N TR O
W7l ALV FHRT 5.

DV'z=f,,— phg @
oo b
12(1-v?)
4 4 4
i 0, 0 d

ox’ 2 ox’oy” " oy’

ZZTE: RO 75 Nm?2], b R OE S [m], v AR
TY U, x EERORTFIOMEE ], y o RO
OFFEIm, z : EHROSAE SR, fow : FRE SHUTZAKA
AT o TENELF TR & MBI 2 BN 72 » W5 |
FINm2l, p: #EFROFEEkgm?, g: BEEE M/ TH 5.

g

\E/ .

N

700 0
y(mm) 800
Fig. 3 Birds eye view of shape of steel plate levitated with only
electromagnets.
. 25
g
29 N
g ig \
=
28
Q
g .02) 1.5
x
28 1
g <
o2
TE05
£
g o
0 50 100 150 200 250 300

Distance between permanent magnets (mm)

Fig. 4 Amplitude of permanent magnets with attractive force
at each distance between permanent magnets.

TR EHERA = FOME CHEMEFFSN D H D LK
EL, ROEANT, RO bAEARZE (FDM) (2K
SCHET 2. 2oL X, ENfkEFORE S 10 mm x 10
mm & U7z RIEEETOMR LY, EHER A=y M
KA e L7 WA T, e b it AR 7= o
DI IR DNHEICERE LT, Fig. 3128 (1) % FDM (2 X 0 i
TR BN B ORI ATl A% - S 7 BEOS R E
T

ZNETORGHZE Y, KRG HRAT WS | 3 RED
IKIMGATDIMEETCE T2 EBEFOM BRI X > CThiA Rk
i U TS 0D 2 & & 2 BRI & SER D LT
% 9. Fig. 4 \TFHAVERIC L DK AREATEIEERE L W5 | ) osEhnERo
BERA Y. GA D7 R AIZRWT, KAREOREIV AR S
L&, FNENDK AR AR L, e bEal LTk ARGA
& DFFFEIE U CORMMEA OIS 122 LS fom 23R LTz
2.3 SHERIH

TR 7= o 2 SN A 2 B 7k A oD & fid
&, Gap ZYERT D72, ZRITIC L 0 AAEADHOWE )
DI TSR s B RIHE A E L, SRR A% Ml
5. FP, Wbk J2 ARQD LS ITEE L

N

2

J, =L @

Zi (TR OB SO T A, NIIFRNTROMBETHY, N=

Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020 97



‘ Initialization ‘

—

‘ Deflection analysis of steel plate z

v

‘ Calculate evaluation value ‘

v

‘ Selection ‘

v

‘ Uniform crossover ‘

v

‘ Mutation ‘

Evaluation ofpopulation

Fig. 5 Flow chart of genetic algorithm for finding optimal
arrangement of permanent magnets.
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Fig. 6 Results of optimized average deflection, maximum deflection, and evaluation value for each weighting factor.
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