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Variable saturation soft variable structure control of magnetic bearing
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Abstract: Using the magnetic bearing to replace the mechanical bearing can eliminate the mechanical friction and
increase the critical speed of a flywheel energy storage system (FESS). In this paper, the variable saturation soft variable
structure (VSSVS) is applied to realize fast response and stable operation of the FESS. According to the basic structure of
the magnetic bearing, an equivalent magnetic circuit method is applied to develop the mathematical model of suspension
force and the state-space equation. Based on finite element analysis, the coupling characteristics are analyzed and the
basic control scheme of the system is established. For the large state vectors, a linear control is employed to regulate, for
the moderate state vectors, the nonlinear component is blended into the control signal and for the small state vectors, the
nonlinear component becomes linear component, and regulation is accomplished employing two linear controllers. The
results show that the VSSVS controller meets the control requirements of the magnetic bearing system.
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1 5|35 (Introduction)
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Fig. 1 The structure of permanent magnet biased

magnetic bearing
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Fig. 2 Schematic diagram of radial force
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Fig. 3 Equivalent magnetic circuit of control magnetic field
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Table 1 Specification of a prototype
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Fig. 4 Relation between forces, currents and displacements
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Fig. 5 Control system of magnetic bearing

4 AN S AR 45 R 45 ) 2% ¥ T (Design of
variable saturation soft variable structure)
4.1 VSSVSJR# (Principle of VSSVS)
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Fig. 6 Structure of variable saturation soft variable

structure controller
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4.3 W Eh A H R %S B (Parameter design
of magnetic bearing control system)
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Fig. 7 Relationships between levitation force, the control

current and displacement

5 SEIGIGUE(Experimental verification)
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Fig. 8 Experimental waveforms of magnetic bearing with

PID controller
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Fig. 9 Experimental waveforms of magnetic bearing with
VSSVS controller
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6 %58 (Conclusions)
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