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Fig. 1 Illustration of a spindle system model

Table 1 Modeling data of spindle system

Value
Shaft 22
No. of .
element Disk 2
Bearing 3
Young's modulus, E [GPa] 72
;';/rlg::)egrlg Poisson’s ratio, v 0.33
Density, § [kg/m®] 2,700
Bearing Radial air bearing [N/gm] 11.3
stiffness | Thryst air bearing [N/ 13.0
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Fig. 2 Finite Element modeling of spindle system
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Table 2 Comparison of measured roughness data

Spin speed Natural frequency
Mode [rpm] [Hz]
1 42,010 700.2
2 77,248 1287.5
3 779,698 12995.0
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(a) 1% mode (b) 2™ mode (c) 3 mode
Fig. 3 Bending vibration mode
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Table 3 Critical speed

Speed Frequency
Mode [rpm] [Hz]
1st 60,768 1012.8
2nd 64,546 1075.8
3rd 81,127 1352.1
4th 85,725 1428.7
5th 105,372 1756.2
Table 4 Whirling Frequency
Mode Freequency [Hz]
backward 672.6
1st
forward 1316.3
backward 1523.6
2nd
forward 1754.7
backward 12396.2
3rd
forward 13717.9
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(b) 1* forward mode
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(c) 2" backward mode
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(e) 3" backward mode
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Fig. 4 Whirling mode
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Fig. 5 Harmonic response function
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