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According to the development of tool material and the improvement of machinability of cutting
material like aluminium alloy, the higher spindle speed is needed. However, the higher speed causes
the heat generation of bearings., the deformation of spindle unit parts, and the rotational accuracy of
it is essential to analyze and control the heat generation and the
thermal behavior of spindle unit in order to have higher speed and better rotational accuracy.

This paper shows the analogy between the analyzation of heat generation and thermal behavior of
high speed spindle system by finite element method and the test results of actual temperature rise
through running test, and shows the necessity of cooling the spindle and inner ring side of bearings
for the thermal balance of high speed spindle system.
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Table 2.1 Heat generation of spindle bearings

AL (woly WdgF (W) | JALe | oy FdF (W)
(rpm) ok 5 (rpm) s H
1000 2.92 2.51 7000 35.03 | 32.18
2000 6.71 5.89 8000 44.58 | 41.37
3000 10.6 9.38 9000 56.09 | 52.45
4000 17.22 15.6 10000 68.31 64.23
5000 25.42 | 19.58 11000 82.75 | 78.25
6000 29.49 24.4 12000 99.12 | 94.22
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Fig. 3.1 The apparatus of spindle system
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Fig. 3.2 Mesh generation of spindle without tool

Fig. 3.3 Mesh generation of spindle with tool

Fig. 3.4 Mesh generation of spindle system
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Table 3.2 Thermal conductivity of components
(room temp. 20TC)
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Table 3.3 Calculated results of heat transfer rate
of spindle components
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Fig. 3.5 Temperature distribution of spindle without
tool
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Fig. 3.6 Temperature distribution of spindle with
tool

Fig. 3.7 Temperature distribution of spindle

system
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Fig. 4.1 Temperature measuring points
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Table 4.1 Temperature rise of spindle system -

AL % 9% 2% (0) 3 doly (4 &
rpm)| A | B C|DJ|E €% (T) | (O)
2712 ]20.020.4]20.4120.4| 20.5 20 18.6
1000 | 20.2120.7 [ 20.820.6;20.8 22 19.8
2000 120.3(21.2121.1]21.1]21.1 23 19.3
3000 1204(21.8121.1]21.1121.2 23 18.8
4000 120.6]22.0(21.2121.2|121.6 23 18.2
5000 120.6122.5{21.3121.4|21.5 23 18.2
6000 120.7123.0/21.4121.9/21.8 23 18.1
7000 ) 20.8123.2|22.1|22.4)22.4 26 18.2
8000 | 22.4123.4)23.0123.4)|23.2 29 18.0
9000 | 22.8123.724.0123.6} 23.6 32 18.3
10000[23.5126.9124.4124.2)/24.4 35 18.0
11000} 25.2128.2127.0]25.0/26.4 38 18.1
12000]28.6]30.8|28.2{28.2) 28.8 43 18.1
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