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Position Control of the Frictionless Positioning Device
Suspended by Cone-Shaped Active Magnetic Bearings

HE M 0 FH
(Ho-Seop Jeong and Chong-Won Lee)

Abstract : A frictionless positioning device using cone-shaped active magnetic bearings(AMBs) is developed,
which is driven by a brushless DC motor equipped with resolver. The cone-shaped AMB feature that the
structure is simple and vet the five d.of. rotor motion is controlled by four magnet pairs. A linearized dynamic
model, which accounts for the relationship between input voltage and output current in the cone-shaped magnet,
is developed and the azimuth motion of the frictionless positioning device is modeled as the second order system.
The feedback controller is designed by using linear quadratic regulator with integral action optimal control law
so that the cone-shaped AMB system is stabilized and the frictionless positioning device gets the zero steady
state. It is observed that the linearized dynamic model is adequate and the frictionless positioning device can
achieve the tracking accuracy within the sensor resolution.
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Fig. 1. Modeling of the cone-shaped AMBs.
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Fig. 2. Conceptual control loop of the cone- shaped
active magnetic bearings.
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Table 1. Specifications of designed frictionless posi—
tioning device.

Electro-Magnet and Rotor

Cross-—sectional area A=18mm x 10mm

Air gap/Rotor radius g2,=0.5mm / Rm=19.8mm

Inclined angle B=10°
N=300turns, Rc=2@ L,=20mH

Magnetic coils

Geometric & Force factor | ¢=0,=0.92

m=1.86kg

Rotor mass

Bearing span b1=81.7, b2=71.6, b:=153.3 [mm]

Moment of inertia Jm=0.00121, J4=0.00647 kg-m’

Peripheral Electronic Devices

Sensor & Amp. Resolution : 0.5um
Gain @ Ks=1V/mm
Linear Power Amp. Gain : Kc=05A/V

Supply Voltage : £30V

BLDC Motor & Linear | Continuous torque : 40 oz-in

Power Amp. . o
P Angular excursion : 50
Resolver Excitation freq.: 7Vrms, 400Hz
Accuracy : tlarc min
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Uncontrolled Controlled
Eignevalues Eigenvalues fn, §
1.5 + j71.7 -14.60 f,=2.3Hz, {=1.0
-14.9 ¢ j18.1 fa=3.7Hz, {=0.64
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