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An Axial-type Self-bearing Motor for Small Vertical Axial-flow Pump
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ABSTRACT

Aiming at a small axial pump with a levitated rotor, an axial-type self-bearing motor is presented,
which has a rotor with four permanent magnets and two stators with two-pole three-phase windings.
In this system, only the axial motion of rotor is actively controlled by two opposite self-bearing
motors just like in the case of an axial magnetic bearing, while the other motions are passively stable.
For rotation, it follows the theory of a four-pole three-phase synchronous motor. This paper
introduces schemes for design and control of the self-bearing motor and shows some experimental
results to prove the feasibility of application for the axial pump.
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Table 1 Design parameters

Parameter Value Parameter Value
Outer diameter of rotor 28 mm Core area of stator 49 mm*
Inner diameter of rotor 14 mm Gap between cores 4 mm
Weight of rotor(Max.) 0.1 kg No. of coil turns 60
Rotor length 40-100 mm(adjustable) | Nominal amplitude of motor current 2 A
Alr gap 0.8 mm Sensor gain 2.25 V/mm
Residual flux density of P.M. 1.3 Tesla Power amp. gain 1 AV
Area of P.M. 69.5 mm?2 Proportional control gain 7
Thickness of P.M. J 0.7 mm Derivative control gain 0.0063
Siemal E:' Power 40— T T
igna Amp. |
Generator :E“ phas:\‘g F ® measured 4
: calculatedJ
H Reference : 30+
* |Motor current H
H 2| Power =
Signal _é_‘ Amp. E “
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Controller | LE *
I Sensor }‘ ¢ \ 7
....................................... Amp. [
P 1o} * . i
Fig. 5 Signal flow diagram L4
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Fig. 6 Flux density distribution generated by
permanent magnets when g = 1.3 mm
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