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Digital Controller Design of a Magnetic Bearing System for High Speed Milling Spindle

Seung-Kook Ro*, Jin-Ho Kyung®, Jong-Kwoen Park”

g Abstract }

The demand of high speed machining is increasing because the high speed cutting provides high efficiency of process, short process
time, improved metal removal capacityand better surface finish. Active magnetic bearings allow much high surface speed than
conventional ball bearings and therefore greatly suitable for high speed cutting. The automatic control concept of magnetic bearing
system provides ability of intelligent control of spindle system to increase accuracy and flexibility by means of adaptive vibration
control. This paper describes a design and development of a milling spindle system which includes built-in motor with power 5.5
kW and maximum speed 70,000rpm, HSK-32C tool holer and active magnetic bearing system. Magnetic actuators are designed for
satisfying static load condition. The Performances of manufactured spindle system was examined for its static and dynamic stiffness,

load capacity, and rotational accuracy. This spindle was run up to 70,000 rpm stably, which is 3.5 million DmN.
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Fig. 1 The high speed milling spindle with magnetic bearing
system.
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Table 1 Specifications of radial magnetic bearings
Item Front Rear
Bearing | Bearing
air gap, g [mm] 0.3 03
area of a pole, A, [mm’] 350 200
Outer diameter of stator, 2r, [mm] 100 100
number of turn, N [times] 55 55
resistance of each a coil, Reir [2] 0.1 0.07
bias current(bias flux=0.7[T}), I, [A] 35 35
inductance of a coil, Ly [H] 0.005 0.0025
current gain, Ki [N/A] 132 76
position gain, K« [N/m] 1.43x10° | 0.8x10°
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Fig. 3 Transfer function of feedback controller
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