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ABSTRACT

The spindle with a built-in motor can be used

to simplify the structure of machine tool system, while

the rotor has unbalance mass inevitably. Therefore, it is important to recognize the effect of unbalance

mass. This paper presents analysis of dynamic behavior of a high speed spindle with a built-in motor. The

spindle is supported by the angular contact ball b

earings and the rotor is fixed at the middle of spindle.

The spindle used in CNC automatic lathe has been investigated using combined methodologies of finite

elements and transfer matrices. The Houbolt method is used for the integration of the system equations

and the dynamic behavior of spindle is obtained

considering unbalance mass of rotor. Results show that

increasing rotational speed of spindle magnifies the whirl responses of spindle seriously. Also the whirl

responses of spindle are affected by the other factors such as unbalance mass and bearing stiffness.
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Table 1 Spindle configuration data

Element Mass Length gg:ﬁg EI s
No. (kg) (m) ) (kg'm®)
1 0273 | 0.024 0.023 8.19x10°
2 0.077 | 0.015 0.017 2.32x10°
3 0.165 | 0.013 0.025 1.25%10"
4 0.515 | 0.037 0.026 1.56x10"
5 0.064 0.01 0.018 2.87x10°
6 0.064 0.01 0.018 2.87x10°
7 0.579 0.04 0.026 1.49x10"
8 2.16 0.068 0.037 5.97x10"
9 2.16 0.068 0.037 5.97x10"
10 0.619 | 0.034 0.03 2.56x10"
11 0.102 | 0.013 0.015 1.30x10°
12 0.102 | 0.013 0.015 1.30x10°
13 0.256 0.03 0.02 481x10°
14 0.197 | 0.013 0.028 1.94x10"
15 0.703 | 0.023 0.041 9.02x10"
16 0318 | 0.028 0.029 2.23x10"
17 0.169 | 0.016 0.023 7.89%10°
18 0227 | 0.013 0.03 2.56x10"
19 0.1 0.019 0.018 2.90%10°
20 0.139 0.02 0.023 6.59x10*
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