R D e

Vol.16 No.1 2007. 2.

Transactions of the Korean Society of Machine Tool Engineers

geE mE
2006. 8. 30, AAIAEY 2006, 11. 29)

Static Stiffness Characteristics of Main Spindle Interface
using Finite Element Method
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{ Abstract I

High speed machining has become the main issue of metal cutting. Due to increase of the rotational speed of the

spindle, problems such as the run-out errors and reduced stiffness must be overcome to improve the machining accuracy.

In order to solve the problems, it is important to determine the appropriate clamping unit and tooling system. This

paper presents an investigation into an analysis of static stiffness in the main spindle interface. Finite element analysis

is performed by using a commercial code ANSYS according to variation of cutting force, clamping force and rotational

speed. From the finite element results, it is shown that the rotational speed and clamping force mostly influence on

the variation of the static stiffness in the main spindle interface.
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Table 1 Load conditions for finite element analysis

Design | Rotational speed |Clamping force | Cutting force
order {rpm] [N] [N]
1 10,000 9,800 1,000
2 10,000 11,760 1,000
3 10,000 13,720 1,000
4 15,000 9,800 1,000
5 15,000 11,760 1,000
6 15,000 13,720 1,000
7 20,000 9,800 1,000
8 20,000 11,760 1,000
9 20,000 13,720 1,000
10 25,000 9,800 1,000
11 25,000 11,760 1,000
12 25,000 13,720 1,000
13 30,000 9,800 1,000
14 30,000 11,760 1,000
15 30,000 13,720 1,000
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Fig. 2 Deformation of tool holder

Table 2 Results of finite element analysis

. P P,
Design " . " , Ux Uz
| ) | ) | p | g | Y|
1 0.0089 |30.077|13.272 {40.198 [13.263| 10.121
2 0.0097} 33.22 | 13.04 |43.069 | 13.03 | 9.849
3 0.0108 | 36.079 | 12.854 1 45.748 [12.843| 9.669
4 0.0089 30.077 | 13.279 | 46.539 | 13.27 | 16.462
5 0.0097 | 33.22 | 13.038|49.345 [13.028| 16.125
6 0.0108 [36.079 | 12.879 | 51.95 [12.868|15.871
7 0.0089 30.077 | 13.306 | 55.36 [13.297(25.283
8 [0.0097| 33.22 [ 13.066 | 58.085 |13.056|24.865
9 0.0108 | 36.079 | 12.931 | 60.549 | 12.92 | 24.47
10 [0.0089 (30.077|13.313|66.639 [13.312]36.562
11 0.0097| 33.22 | 13.176[69.237|13.175{36.017
12 |0.0108|36.079(13.065| 71.56 |13.064|35.481
13 |0.0089|30.077 | 13.336|80.337|13.327] 50.26
14 10.0097| 33.22 [13.261 | 82.652(13.251|49.432
15 |0.0108]36.079|13.175|84.818113.164|48.739
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Table 3 Results of ANOVA for x-direction

Factor | DF SS MS F P
A 4 10.0000001 | 0.0000000 7.05 0.010
B 2 10.0000003 { 0.0000001 39.76 | 0.000

Table 4 Results of ANOVA for z-direction

Factor | DF SS MS F p
A 4 [0.0030044 | 0.0007511 | 16567.02] 0.000

B 2 10.0000020 | 0.0000010 | 21.96 | 0.001
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Fig. 5 Clamping force-deflection curves for rotational
speed in X-direction
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Fig. 7 Clamping force-deflection curves for rotational
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