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Fault Tolerant Control of 6-Pole homopolar Magnetic Bearings
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ABSTRACT

Fault tolerant control method for 6-pole homopolar magnetic bearings are presented. If some of the coils or power amplifiers
suddenly fail, the remaining coil currents change via a novel distribution matrix such that the same magnetic forces are maintained
before and after failure. Lagrange multiplier optimization with equality constraints is utilized to calculate the optimal distribution
matrix that maximizes the load capacity of the failed bearing. Some numerical examples of distribution matrices are provided to

illustrate this control method.

pAE-2EL
a,= pole face area of an active pole
A= diagonal matrix of pole face area a,
g,= nominal air gap in active pole plane
hc= coercive force of a permanent magnet

ij= currents through the j-th pole

I = current vector
Kp, K, = proportional and derivative gains

lpm= length of a permanent magnet

n= number of coil turns
g = Number of unfailed poles

Rj= air gap reluctance of the j-th pole

Ryp= return path reluctance
x,y= journal displacements.
MHo= permeability of air

¢= flux fringing factor

¢j= flux through the j-th pole

VeV, = xand ycontrol voltages
Q= rotating speed

0 = pole angle of the j-th pole

T = current distribution matrix
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