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Column-spindle System Dynamic Model Based on
Dynamic Characteristics of Joints

Mi Liang Yin Guofu Sun Mingnan Wang Xiaohu
(School of Manufacturing Science and Engineering, Sichuan University, Chengdu 610065, China)

Abstract

For the needs of dynamic analysis of the horizontal machining center, the distribution of linear
guide, bolt joints, ball screw and bearing which main affect the dynamic characteristics of column-spindle
system were discussed, then the dynamic parameters identifying method and finite element modeling
method for these joints were presented. The stiffness and damping of linear guide were identified by the
combination of experimental tests and finite element analysis, and the ball screw contact stiffness was
calculated based on Hertz contact theory. On this basis, the finite element model for the column-spindle
system of a horizontal machining center was established. The accuracy of the finite element analysis model
was verified by testing the tool point frequency response function of column-spindle system. Then
influence of linear guide for the dynamic characteristics of column-spindle system was analyzed.
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Fig. 1 Dynamic model of joints
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Fig.2 Experimental setup of linear guide
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Fig.3 FEM of linear guide
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Tab.1 Comparison of predicted and experimental
frequencies Hz
=] BB W2 3B 4B HSH
KK 955 1469 1598 1 969 2286
15 EAH 1 046 1371 1726 1807 2150
RE/% 9.53 6.63 8.01 8. 10 5.96
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Tab.2 Comparison of predicted and experimental
damping ratio
mH BB W2 3B 4B SH
R E 1.487 1. 621 2.497 2.595 3.393

B H08 1.399 1.504  2.762  2.814  3.511

R2E/ % 5.92 7.26 10. 62 8.44 3.48
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Fig.5 Dynamic model of ball screw
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Tab.3 Bolt joints parameters

] ) 1)
2R R HUBE JE / um Tfii £/ MPa
Wi #E/Nem " BHJE/N-s-m " Wi g /Nom ™" BHJE/N-s+m !
S B e S| 1.6 4.69 5.76 x 10" 3.59 x 107 9.12 x 10" 4.53 x10°
B ifi - 1.6 3.62 1.18 x 10" 7.14 x10° 3.92 x10'" 5.68 x10°
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Tab.4 Bearing parameters

R 2 R /N !

15 442/ mm P42/ mm $& BE/mm s/ () BT
i (&0
7022C 170 110 28 15 1770 N 2.030 x 10° 1.0150 x 10°
7024C 180 120 28 15 1960 N 3.330 x 10® 1.7325 x 10°
40TAC90B 40 90 20 60 €9 W% H 1.015 x 10°
45TAC100B 45 100 20 60 CO T 7y 1.160 x 10°
50TAC100B 50 100 20 60 C9 Fi% 1.745 x 10°
x5 ZHEARSHY
Tab.5 Ball screw parameters
AHER/mm WEREZ/ mm G/ mm Hefth s () RIE ML % 41 /kN P x 34K
50 7.9 20 45 1. 04 2.68 1 x3.8
55 7.9 20 45 1.04 2. 68 1x3.8
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Tab.6 Comparison of predicted and experimental frequencies
HH %1 B %52 B %53 B 554 B 55 By 55 6 B 57 By 5% 8 By %9 B
R4 {8/ Hz 49. 84 75.90 132. 60 166. 40 188. 10 202. 00 232.50 238.50 264. 80
)i H A4/ Hz 51.47 80.90 138. 60 165. 50 201.70 209. 40 235.70 244.70 271.70
=22/ % 3.20 6.58 4.52 0.54 7.23 3.66 1.37 2.50 2.90
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Fig. 10  Effects of roll guide stiffness on column-spindle system natural frequencies
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