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ABSTRACT

Ultra—precision machine tool equipped with the diamond bite tip is used to machine
optical products, drums of VIR or computer hard disk. It needs nano technology in
the surface roughness of workpiece. To perform the nano scale machining, ultra-
precision machine tool must be designed and manufactured in consideration of the
vibration characteristics. In this paper, using the finite element analysis, we
investigate the modal parameters of the ultra-precision machine tool structures,
which use cast iron, granite and alumina ceramic for the bed materials. To verify
the numerical results, we manufacture a model of ultra-precision machine tool using
granite bed and perform impulse test. Through the theoretical and experimental
analyses, we could compare and estimate the vibration characteristics of the three
models for the ultra-precision machine tools.
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Fig. 1. Finite element model of an ultra
precision machine tool
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Table 1. Properties of used materials

Weight Density | Young's Modulus
(N/m") (N/7)
Case Iron | 7.70701x10* [ 1.17x10"
Granite 2.6084 x10* 3.90x10"
Alumina Ceramic | 3.8243 X 10* | 3.70X10"
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Table 2. Result of modal analysis

No. of Natural Frequency(Hz)

Mode |Model | [Modet 2 | Model 3 | Model 4
1 399.4 | 536.6 | 1126.6 | 361.5
2 483.6 | 673.9 | 1422.7 | 471.4
3 660.2 | 849.7 | 1903.6 | 666.4
4 767.1 1 916.3 | 1982.6 | 742.3
5 1099.9 | 1106.7 | 2225.7 | 928.6

Fig. 2. 1st mode of model 1
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Fig. 3. 2nd mode of model 1

Fig. 4. 3rd mode of model 1

Fig. 5. 4th mode of model 1
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Fig. 6. Ultra precision machine tool.
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Fig. 7. Schematic diagram of experimental
set-up for impulse test.
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Table 3. Result of modal analysis

No. of Mode

Natural Freq. (Hz)

345.0
457.5
635.0
742.5
1000.0

B W N e

Fig. 10. 2nd mode by modal testing.
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Fig. 12. 4th mode by modal testing.
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