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Fig. 1 3D model of 30,000rpm spindle and bearings for thermal
displacement analysis

Table 1 Thermal displacement analysis conditions

Spindle speed  Bearing preload Cooling rate Cooler temp.
[rpm] [kgf] [/min] [€]
10,000
20,000 5 39 5
3,0000

Table 2 Heat generation of angular contact ball bearing

Spindle Speed[rpm] 10,000 20,000 30,000
gyroscopic moment[N.mm] 2.29 8.82 19.84
Viscous friction moment[N.mm] 30.05 42.89 51.0
Load friction moment[N.mm] 7.81 7.81 7.81
Quoa[[W] 42.02 124.60 246.96

InfW/m?] 30999.5 33961.7 373552
Heat flux 5

Out[W/m?] 26278.5 287579  31631.49
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Fig. 2 Temperature variation of spindle at 10,000rpm
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Fig. 3 Temperature variation of spindle at 20,000rpm
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Fig. 4 Temperature variation of spindle at 30,000rpm

Fig. 5 Result of FEM analysis for thermal displacement analysis
Table 3 Comparison of thermal displacement according to unbalanced

L] L1 Deimy
L] (1]

mass
Speed
Unbalance 10,000rpm 20,000rpm 30,000rpm
mass
Og/cm 1.063%-5 1.1815e-5 5.2643e-5
7.817 g/cn 1.0628e-5 1.8415e-5 5.2789-5
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