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Magnetic Bearing Summary

Applications

Magnetic bearings are capable of supporting loads using the principle of
magnetic levitation. Gap sensors detect the radial distance between the bearing
and the housing, while electromagnets provide radial forces that actively
suspend the bearing within the housing. This sensor + actuator pair is used with
various forms of feedback control that allow the bearing to remain centered
within its housing, even while spinning and/or carrying a load.

In general, any rotary system that can benefit from reduced mechanical
friction can benefit from magnetic levitation technology. Some current
applications include:
 Power Generation (Wind Turbines)
 Precision Machining (CNC Lathe)
 Energy Storage (Flywheels)

By eliminating physical contact between moving parts, magnetic bearings are
impervious to mechanical wear, resulting in rotary systems that do not suffer
from energy losses due to friction. Such benefits extend the usefulness and
feasibility of rotor systems to wider applications than before.
While magnetic bearing systems are advantageous when compared to
traditional mechanical bearings, they are accompanied by several challenges.
One of the core challenges, addressed in this research, is to reject disturbances
due to mass imbalances within the levitated rotor as well as added broadband
disturbances while spinning at high speeds.
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UCLA Magnetic Bearing Experiment
Overview:

Modeling:

The MBC500 is a small-scale magnetic bearing experiment that
contains hall-effect sensors and electromagnets in each end of
the housing. Various forms of feedback control (below) are
currently being investigated for performance as well as
robustness characteristics. While it is a small-scale
experiment, the MBC500 exhibits many of the same properties
inherent in the abovementioned applications, making it an
excellent test bed for safe and reliable examination of
advanced controllers. For example, the MBC500:

Controller design and simulation require an
accurate plant model for the system. While
analytical modeling is a potential solution, a direct
system-identification of the system was performed
to capture the system dynamics more accurately.
Both frequency-domain and time-domain methods
were explored.

 Is a Multi-Input-Multi-Output (MIMO) system.
 Is Open-Loop Unstable.
 Exhibits nonlinear behavior due to actuator saturation.

In some experiments, additional assumptions
allowed the nonlinear and MIMO system to be
approximated by 4 linear and decoupled SingleInput-Single-Output (SISO) systems.
Experimental Results:

The control problem for this experiment and the goal of this
research is to reject disturbances in the form of:

UCLA Magnetic Moments MBC500
Magnetic Bearing – Rotor System

 Vibrations due to mass imbalances in the spinning shaft
 Added broadband disturbances

Linear Quadratic Gaussian (LQG) Control
 LQG Control designed for maximum robustness
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The three sets of time-series plots below show the
experimental results of two advanced controllers
(middle, right) that augment an inner-loop stabilizing
controller (left). Each advanced controller (Harmonic
Oscillator, Receding-Horizon Adaptive) showcases
different strengths that are summarized below.

LQG + Receding-Horizon Adaptive Ctrl
 Receding-Horizon
loop) augments

Adaptive Controller (outerLQG control (inner-loop)

 Provides stability for spin rates up to 800Hz
 Ineffective in reducing output error
performance, excellent robustness)

Experimental Time Series Plots for LQG Control (Green)

(poor

 Drastically reduces oscillations in time-varying
and stationary frequencies, t>20s

 Output error greatly reduced when adaptive
control
engaged,
t>20s

 System retains stability characteristics of inner
feedback loop

 Capable of rejecting time-varying and broadband
disturbances

Experimental Time Series Plots for LQG + Internal Model Control (Blue)

Experimental Time Series Plots for LQG + Adaptive Control (Blue)

