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Development of Hybrid Magnetic Spindle
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The hybrid magnetic spindle has been developed as a main spindle of high speed machining
centers. In order to obtain high rotating speed and high stiffness, two kinds of non-contact
bearings are used in this system. They are a 5-axis controlled magnetic bearing system and two
radial hydrostatic air bearings. The magnetic bearing system is controlled by analog PID
control circuits.

By experiments and numerical simulations, the relationships between the characteristics of
this system and each feedback coefficient of PID control, as well as the charging pressure of the
air bearing, is investigated. The stability of the system is also analysed with the root locus of
state equation.

As a result, the following characteristics are clarified: (1) The stiffness of the hybrid
magnetic spindle can be larger than that of the air spindle and the magnetic spindle. Especially,
the static stiffness is very large because of the integral feedback control of the PID controller.
(2) Too much proportional feedback makes the system unstable due to phase lags of the
circuits. (3) Large differential feedback causes the spillover phenomenon, that is the excitation

of bending mode resonance of the spindle.
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