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ABSTRACT

Spindle design is very important for the improvement of the competitive power in production cost of high

quality machine tools. The important factor in spindle design is not only to improve the natural frequency of

spindle but also to reduce displacement of spindle end. In this paper, parameters those influence on static and
dynamic stiffness of high-speed spindle have selected form preceding studies. And those selected parameters are
applied to Taguchi Method. To perform FEM analysis, bearing conditions are selected with optimized condition.
To know how to improve static and dynamic stiffness of machine tool spindle, natural frequency and
displacement of spindle end are obtained by FEM analysis. The Taguchi Method was used to draw optimized
condition of bearing position and it's stiffness. From these results, amplitude of vibration is enough good less
than 3um pk-pk of the spindle of 40,000rpm manufactured in this work by the optimal design.

Key Words : Taguchi Method (CF4 A& A &1 H), High-speed Spindle (314 2~¥E), FEM analysis (-
L2 434), Selection of Bearing Position (Wlo]% %] AA)
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Fig. 1 Schematic diagram of 40,000rpm spindle system

Fig. 2 3D Model of 40,000rpm spindle system for
static and dynamic snalysis
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Table 1 Material properties of spindle parts

Part name | Young's Modulus | Density [Poisson's Ratio
[GPa] [g/cm] [v]
Spindle 205.0 7.817
Drawbar 205.0 7.817
Tool shank 205.0 10311 03
Rotor 21.3 7.817
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Fig. 3 Position of each bearing
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Table 2 Level value of each parameter for Taguchi Method

No. A[mm] B[mm)] C[mm] | D[N/mm] | E[N/mm]
1 41 63 230.83 11,419 8,546
2 46 71 248.00 24,853 18,640
3 51 85 264.00 38,287 28,716

Table 3 Experiment design of Taguchi Mehtod
No A B C D E
1 1 1 1 1 1
2 1 1 1 1 2
3 1 1 1 1 3
4 1 2 2 2 1
5 1 2 2 2 2
6 1 2 2 2 3
7 1 3 3 3 1
8 1 3 3 3 2
9 1 3 3 3 3
10 2 1 2 3 1
11 2 1 2 3 2
12 2 1 2 3 3
13 2 2 3 1 1
14 2 2 3 1 2
15 2 2 3 1 3
16 2 3 1 2 1
17 2 3 1 2 2
18 2 3 1 2 3
19 3 1 3 2 1
20 3 1 3 2 2
21 3 1 3 2 3
22 3 2 1 3 1
23 3 2 1 3 2
24 3 2 1 3 3
25 3 3 2 1 1
26 3 3 2 1 2
27 3 3 2 1 3

Table 4 Result of analysis by FEM

Displacement[ /m]
No. 1st mode[Hz] Mode Static
1 669.91 6.431 7.92
2 938.33 6.980 7.87
3 1108.20 8.485 7.85
4 734.97 9.179 6.09
5 993.80 7.849 6.07
6 1138.60 7.998 5.69
7 888.85 13.473 6.48
8 1057.90 10.422 5.29
9 1175.80 11.334 5.07
10 725.37 10.769 6.51
11 986.92 11.453 5.94
12 1128.10 11.478 5.88
13 730.34 3.1284 7.87
14 831.28 27.076 7.96
15 847.06 28.213 8.59
16 705.20 13.386 6.71
17 971.76 18.027 6.51
18 1110.50 38.197 6.43
19 751.06 13.791 6.64
20 969.18 9.541 6.34
21 1070.10 8.870 6.25
22 878.59 13.404 6.48
23 960.85 12.666 8.04
24 1138.90 16.472 8.21
25 762.41 14.112 8.75
26 1028.50 14.354 8.55
27 1184.40 19.077 8.40
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Fig. 7 Main effect plot of signal to noise for natural frequency
according to bearing position and stiffness

Table S Data of optimum design condition to improve natural

frequency
Level A B C D E
1 967.4 927.5 942.5 900.0 760.7
2 892.9 917.2 964.8 938.4 970.9
3 971.6 987.3 924.6 993.5 1100.2
Delta 78.6 70.1 40.2 93.4 339.4
Order 3 4 5 2 1
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Fig. 8 Main effect plot of signal to noise for static displacement
according to bearing position and stiffness

Table 6 Data of optimum design condition to reduce
displacement at spindle end

Level A B C D E
1 -16.12 | -16.59 | -17.27 | -18.26 | -16.90
2 -16.75 | -17.08 | -16.62 | -15.97 | -16.73
3 -17.44 | -16.64 | -16.42 | -16.06 | -16.67
Delta 1.33 0.49 0.84 2.28 0.24
Order 2 4 3 1 5
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Fig. 9 Main effect plot of signal to noise for optimum design
of 40,000rpm high-speed spindle

Table 7 Data of optimum design

Level A B C D E
1 -19.09 -19.52 -21.22 -21.27 -20.72
2 -22.09 -20.81 -20.22 -20.60 -20.20
3 -20.69 -21.54 -20.64 -20.01 -20.96
Delta 3.00 2.03 1.19 1.26 0.75
Order 1 2 4 3 5
3|42 Fig. 99 A5 of FFHS FXE(plot)y=
Zall Whg W] A, B, D IX7F 4EE A v
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