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Modeling and Control of Cone-Shaped Active Magnetic Bearing System
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Abstract

A magnetically suspended robot joint is developed, which is free of dust and oil generation.
Two radial bearings consisting of cone-shaped magnet cores control the rotor motion in the axial
and radial directions. A linearized dynamic mocel is developed for active control of the magnetic
bearing system. The control algorithm is constructed such that the axial displacement of the joint

is controlled by axial control currents to the upper and lower bearings whereas the radial

displacement is controlled by radial control current to the pairs of facing radial bearings. The

stability and control performance is tested through numerical simulation based on the nonlinear

model. Experiments are also performed to veriy the theoretical development.
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Fig. 1 Magnetically supported robot joint
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Table 1 System parameter

300

\ \ R Paramter Value
200 - R A Ik
E - / Voo \ i\ Pole face area, A 155 mm?
100 \\ P , 4 ," \ -
g . Ao ,’;:_‘LN;’, 1‘4 j ) Inclined angle, 8 15°
& | \\\\/i( [ A Kp=3, Kd=0.004 Nominal gap, g, 0.5 mm
4 ~100 ) Vol ks, ka-o004 /
>~ . ,
A | ~/ \'-\.'/l Ty Koo Rotor mass, m 1.68 kg
-300 - é 1‘0 . 1'5 2'0 2’5 2 No. of coil turn, N 400/magnet
Tu(':) [msec] Power supply voltage, V, 25 Volt
300 Force in the radial dir. 117 N/magnet
—_ A j\\ /’A‘\ //'\.\ Force in the axial dir. 27 N/magnet
/3 \ /
‘:i, \'\ f \-\ // \‘\ / \\ System size H 130 mm X ¢130 mm
g 1L N A Y S [\ —
- B \,7/ v/ v T
= - \ \ | —— Kp=s, Kd=0.004 Tabl ; : ;
g [ \ // \\ / — :E:' ;::g‘gs able 2 Eigenvalues of magnetic bearing system
- 1\’ vV o i Uncontrolled | Controlled
L P +249.5 -236.7+j320.7
(b) Eigenvalue +341.6 -368.1+j480.4
Fig. 7 (a) Start-up response in Y, direction 13828 _454.8+1456.7
(b) Impulse response in Y, direction s -0 1290
Table 3 Control parameter
L(A) Kq(N/m) K((N/A) To K, K4
X none 2.15%10° 117.8 4x107* 3 0.006
Y, 1.03 1.60x10° 101.8 4x10™* 3 0.004
Y. 1.0 1.59x10° 98.38 4x107* 3 0.004
Z, 1.03 1.60x10° 101.8 4x10™* 3 0.004
Z, 1.0 1.59x10° 98.38 4x10°* 3 0.004
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