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Magnetically suspended clean pump with four degrees of freedom controlled magnetic bearing
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fEr " EB), /ANE BLED, MR Zh—7
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A new hybrid magnetic bearing and motor system with wide air gaps has been developed, and a magnetically
suspended clean pump with the system has been developed. The optimization method to determine the optimal
values of the design parameters has been developed based on magnetic equivalent circuit technique, genetic algorithm

and three dimensional magnetic field analysis.

The size of the hybrid magnetic bearing C core, the thickness of the

permanent magnets, and the turn number of the electromagnets are optimized by the method. The developed system
has an outer diameter of 100 mm, a length of 140 mm, and air gaps of 3.5 mm. And the developed pump has an
outer diameter of 100 mm, a length of 160 mm. The measured ratio of force to excitation current is 36.4 N/A.

The rotor-impeller could be driven up to a rotational speed of 6000 rpm without touching anywhere.

The developed

pump indicates sufficient pump performances which are maximum pump head of 9.37 mH,0 and maximum flow rate

of 27.3 L/min.
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Fig.1  The hybrid magnetic bearing and motor system
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Fig.2  Magnetic equivalent circuit of the hybrid magnetic

bearing and motor system
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Fig.4  The design parameter optimization method
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Magnetic bearing and motor system

[_E_ddy—cuncm displacement sensor J

' Hall IC
[ Sensor output

Levitation coil
¥ Rotation coil ‘

Actuating current

Digital PID Controller

Power amplifier

DS1104 |
L L —

D/A Converter

Rotation control signal

Levitation control signal

Fig.5  The schematic diagram of control system
Table 1 The gain of PID controller
Proportional gain : Ky p (A/mm) 5.0
Levitation Integral gain : Ky; (A/mm sec) 0.0
Derivative gain : K;p (A sec/mm) 0.012
Proportional gain : Kgp (A/rpm) 0.03
Rotation Integral gain : Kg; (A/rpm sec) 0.0003
Derivative gain : Kgp (A sec/rpm) 0.0
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