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Abstract : Because the magnetic bearing supports levitating body without contact, wear, noise and vibration are

very small comparing with mechanical bearings, it is very useful to high revolution machinery. In general, the

magnetic attractive force function that is proportional to square of control current(i), and inversely proportional to

square of an air gap(x) has been widely used. This paper proposed the new magnetic attractive force function

that is proportional to cube of the control current, and inversely proportional to square of the air gap. The

function was optimized to minimize the cost function that is the percentage of deviation about the change of a

proportional constant(k), using the experimental data, ie, control currents and air gaps.
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Fig. 1 Magnetic bearing system
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Fig. 2 Block diagram of magnetic bearing system
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Table 1 Parameter values of magnetic bearing

Parameter Value Unit
Accelaration of gravity : g 9.8 m/s?
i/iagnetlc permeability of air : drx10-7| -
Relative permeability of silicon 3,000 B
steel plate @ p, ’

Mass of levitation object

" m 1.3 kg

Resistance of coil : R 125 Q

Sectional area of air gap 92 AOE-04 -

S ’

Number of turns : NV 400 -

Length of magnetic path 0103 m

Inductance of coil : L 0.0630 H
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(D Magnetic bearing and induction motor
@ Sensor Amp.
@ Oscilloscope
® DC power source

@ Current amplifier
(® ATmegal28 controller
(@ Notebook PC

Fig. 4 Experimental apparatus
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Table 2 Experimental data

current i[A] gap z[m] force f,,[N]
0.569 0.000655 6.37
0.561 0.000652 6.37
0.558 0.000651 6.37
0.556 0.000651 6.37
0.553 0.000650 6.37
0542 0.000620 6.37
0541 0.000610 6.37
0.538 0.000608 6.37
0.537 0.000606 6.37
0.536 0.000605 6.37
0514 0.000553 6.37
0512 0.000552 6.37
0.505 0.000550 6.37
0.494 0.000550 6.37
0.493 0.000550 6.37
0479 0.000510 6.37
0479 0.000510 6.37
0477 0.000510 6.37
0475 0.000500 6.37
0474 0.000510 6.37
0.445 0.000450 6.37
0.436 0.000435 6.37
0.429 0.000431 6.37
0.428 0.000430 6.37
0.428 0.000420 6.37
0.426 0.000410 6.37
0.424 0.000400 6.37
0.419 0.000400 6.37
0.415 0.000400 6.37
0.390 0.000350 6.37
0.3%4 0.000350 6.37
0.381 0.000350 6.37
0.377 0.000350 6.37
0.371 0.000350 6.37
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Table 3 Average k and percentage of deviation K

N k K (%)
1.0 0.00000341 24.32
15 0.00000489 19.24
2.0 0.00000685 14.50
2.5 0.00001020 8.63
2.8 0.00001280 247
3.0 0.00001480 3.75
3.1 0.00001600 3.13
3.15 0.00001660 294
3.2 0.00001720 2.85
3.3 0.00001860 2.97
3.4 0.00002010 3.48
3.5 0.00002160 4.20
3.75 0.00002620 6.29
4.0 0.00003170 8.77
Percentage of deviation &(%)
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Fig. 5 Graph for Percentage of deviation
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