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Fig. 1 Factors Affecting the Spindle Stiffness
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Table 1 Level value of each parameter for Taguchi Method

No. A[mm] B[mm] C[mm] D[mm]
43 79 295 330
2 48 84 300 335
3 53 89 305 340

Table 2 Experiment design for Taguchi Method

No. A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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4 Table 5 Data of optimum design condition to improve natural
frequency

ST T IT mm Leve A b ¢ D
1 95.37 95.26 95.49 95.45
2 95.43 95.42 95.47 95.42
‘ ‘ ‘ ‘ ‘ ‘ LM_L 3 95.47 95.59 95.30 95.40

Delta 0.09 0.33 0.19 0.04

Rank 3 1 2 4

Fig. 4 FE Model of 45,000rpm spindle for dynamic analysis

Table 3 Material properties of the spindle

Property Value
Density [kg/m’] 7833
Young's Modulus [GPa] 210
Poisson's Ratio 0.3

Table 4 Result of analysis by FEM

No. Istmode[Hz] No. 1stmode[Hz] No. 1stmode[Hz]
1 988.13 4 969.70 7 956.76
2 983.19 5 973.77 8 994.50
3 981.41 6 1010.02 9 1016.4
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Fig. 5 Main effect plot of signal to noise for natural frequency
according to bearing position
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