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Improvement of a Stiffness for High-Speed Spindle Using the Taguchi
Method

Lim Jeong-Suk®, Chung Won-Jee’, Lee Choon-Man" and Lee Jung-Hwan'

ABSTRACT

The spindle system with a built-in motor can be used to simplify the structure of machine tools, to improve
the machining flexibility of machine tools, and to perform the high speed machining. To improve the competition
power of price to quality, spindle design is very important. Because it possesses over 10 percent of machine
tool's price. The latest machine tools have rotational frequency and excellent about might and precision cutting.
So it requires static and dynamic strength in the load aspect. In conclusion, the deformation of the spindle end
have to extremely small displacement in static and dynamic load. In this study, On the assumption that the
bearings that are supporting 24,000rpm high-speed spindle are selected in the most optimum condition, the
natural frequency and deformation of the spindle end is obtained by FEM mode analysis. The Taguchi Method
was used to draw optimized condition of bearing position and it's stiffness.
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Fig. 1 The schematic of 24,000rpm spindle system
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Fig. 2 Mesh of high-speed spindle for FEM analysis

Table 1 Material properties of spindle part

Part name | E(GPa) I()g‘j’c‘f;tx’)' P°ri§fi‘(’)“'s
spindle 205 7.817
drawbar 205 7.817 0
tool shank 205 10.311
Rotor 403 7817
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Table 2 Level value of each parameter

Almm] | Blmm] | C[mm] | D[N/m] | E[N/m]
43 83.5 | 317.48 130 144.7

59 92 | 34325 165 217
67.5 99.5 | 369.00 200 289.3

Fig. 4 Block diagram of multi-modal chatter model
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Fig. 5 Main effect plot of signal to noise about natural
frequency according to bearing position and
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94734Hzo) 3l FEMGHE HE 6.1589mmA &Y, Table 4 The result of each experiment
HARAHA 238 A4 2 59 13 /AT No. | 15t Mode| UX UY Uz SUM
FE 9294HzZ 2% L23R T, F5F Huro ¥ | el ) fmm) | [mm] | [mm] } [mm]
Y= 29082mmE 7] AAXNED. 472%2 IA 1| 8183 | 2455 | -1.1725 | -0.49952 | 2.7661
Zastgo 2 | 867.99 | -24112 | 0035629 | 0.13839 | 2.4154
) 3| 89161 | -23572 { 0.95695 | 0.12853 | 2.5473
Table 3 Design of experiments for Taguchi method
4 | 78082 | 26325 | -3.4553 | 0.12102 | 4.3455
No.| A B c D E
5 | 81369 | 26589 | -0.0701 | -2.9805 | 3.9947
i . : : : : 6 | 83025 | 26646 | 0019323 | 2705 | 3797
2 ! : : : 2 7| 72893 | 26 | 10341 | -47339 | 5499
3 ! ! ! ! 3 8 | 750.54 | -2.637 | 0.96111 | -4.6056 | 5.3933
4 ! 2 2 2 ! 9 | 76166 | 26588 | -4.6219 | -0.07036 | 5.3325
5 ! 2 2 2 2 10 | 780.51 | 3.0126 | -6.2011 | 0.18362 | 6.8966
6 ! 2 2 2 3 11| 81677 | -3.0601 | 0.11898 | -5.8843 | 6.6335
7 ! 3 3 3 ! 12| 83523 | -3.0729 | 02584 | -5.6769 | 6.4604
8 ! 3 3 3 2 13} 688.05 | -2.6779 | 0.000272 | -4.6823 | 5.394
’ ! 3 3 3 3 14 | 70829 | -2.675 | -0.00027 | -4.3043 | 5.0678
o] 2 : 2 3 ! 15| 71864 | 267 | 0.00026 | -4.0908 | 4.885
ny 2 : 2 3 2 16 | 88681 | -2.5528 | 0.000286 | -3.3971 | 42493
2y 2 ! 2 3 3 17| 96464 | 26261 | -28154 | -0.00026 | 3.85
3] 2 2 3 ! ! 18| 996.46 | -2.4919 | -1.4284 | -0.0001 | 2.8722
] 2 2 3 ! 2 19 | 68826 | 2.9448 | -6.6875 | 041309 | 7.3188
By 2 2 3 ! 3 20 | 70999 | 2.9693 | -6.4657 | -0.54832 | 7.136
16| 2 3 1 2 1
21| 72119 | 29775 | -6.3567 | -0.31405 | 7.0265
R 3 ! 2 2 22| 88442 | 3.1317 | -7.5485 | -1.0622 | 8241
) 2 3 ! 2 3 23| 95717 | 3202 | 22103 | 6289 | 7.3956
il ! 3 2 ! 24| 99348 | 3.1823 | -5.6059 | -1.6364 | 6.6505
0] 3 ! 3 2 2 25 | 80238 | 26946 | 1511 | -4.0993 | 5.133
2! 3 ! 3 2 3 26 | 837.11 | 25851 | 0.93666 | -2.9063 | 4.0008
2) 3 2 ! 3 ! 27| 85421 | 25093 | 1.1373 | -1.9645 | 3.3837
2 2 1 3 2
24 3 2 1 3 3 %z 7|
50 3 3 2 1 1 )
% 3 3 5 1 " £ A7 ARALE AwrlegAarg
[RTI04-01-03] X ¥o2 =&}
271 3 3 2 1 3
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