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Fault Tolerant Homopolar Magnetic Bearings with Flux Coupling

Uhn Joo Na*

ABSTRACT

This paper develops the theory for a fault-tolerant, permanent magnet biased, homopolar magnetic bearing. 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 faiture. 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 the theory. Simulations show that very much
the same dynamic responses (orbits or displacements) are maintained throughout failure events (up to any combination
of 3 coils failed for the 6 pole magnetic bearing) while currents and fluxes change significantly. The overall load

capacity of the bearing actuator is reduced as coils fail. The same magnetic forces are then preserved up to the load
capacity of the failed.
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7lzMdd ?, = bias flux

v, » v, =X and y control voltages

a, = pole face area of an active pole o, = pole angle of the j-th pole
g, = nominal air gap in active pole plane T = distribution matrix
g, = air gap of the j-th pole
i, = currents through the j-th pole 1. M8
I =current vector
n = number of coil turns FEAVEAY A2 E A7 AR FE7,
R, =air gap reluctance of the j-th pole AtAA, #AgAA7], AEZZ7](power amplifier)
4, = permeability of air Soz ZAH FHAAE A/} Al7ln AR
¢ = flux fringing factor £ A wFtEEY 2 Aawot) s o
¢, = flux through the j-th pole & HEAA Fulelgoly FEH Y b
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Fig. 1 Schematic of Fault tolerant control of 4-Pole
Homopolar Magnetic Bearings
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Fig. 2 Schematic of a Homopolar Magnetic Bearing
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