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Runout Control of Mgenetically Suspended Grinding Spindle
- Experimental Analysis of Adaptive LMS Feedforward Control Method -
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ABSTRACT

In this paper, the case studies of reducing rotational errors is theoretically done for a grinding spindle with an
active magnetic bearing system. The rotational errors acting on the magnetic bearing spindle are due to mass
unbalance of rotor, runout, grinding excitation and unmodeled nonlinear dynamics of electromagnets. For the most
case, the electrical runout of sensor target is big even in well finished surface, this runout can cause a rotation error
amplified by feedback control system. The adaptive feedforward method based on LMS algorithm is discussed to
compensate this kind of runout effects, and investigated its effectiveness by numerical simulation and experimental
analysis. The electrical runout form the rear sensor target of grind spindle is about 70um with harmonic frequencies.
The rotor orbit size in rear bearing is reduced about to 5/m due to 1X and 2X rejection by feedforward control.
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Fig.1 schematic diagram of the grinding spindle

Table 1. the specifications of radial magnetic bearings

oo | oo |
air gap, go [mm)] 03 03
area of a pole, A, [mm? 300 200
number of turn, N [times) 110 110
bias current(bias flux=0.75[T]), & [A] 2.1 21
current gain, K, [N/A] 273 182
position gain, K, [N/m} 17710° | 1.18x10°
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Fig.2 block diagram of magnetic bearing system with

feedforward controller
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Fig. 5(a) measured runout of front sensor target
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Fig. 5(b) measured runout of rear sensor target
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(a) 6,000 rpm
Fig. 6 rear orbit at 6,000 and 10,000 rpm

(b) 10,000 rpm
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Fig. 7 rear sensor output at 6,000 and 10,000 rpm
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Fig. 8 rear orbit with LMS algorithm
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Fig. 9 rear sensor output with LMS algorithm
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Fig. 10 measured rear sensor output

o o4

) 02
Z o 123
a2 02

a1 Y
26 as)
a8 o8

K B}
Bl a5 08 B [ ] 05 1

Xl?"l XM
(a) 6,000 rpm (b) 10,000 rpm
Fig. 11 measured rear sensor output with feedforward
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