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Finite Element Modal Analysis and Structural Optimization of Dynamic

Characteristics of Gantry Machining Center

ZHAN Wei, WENG Zeyu

(College of Mechanical Engineering,Zhejiang University of Technology , Hangzhou 310014 , China)

Abstract: In order to improve the dynamic characteristics of gantry machining center, the finite element model of the

machining center was built after equivalent processing of main joint of the gantry machining center. The weak parts of the

gantry machining center were confirmed by model analysis of the whole machine. Two improved schemes were given to

improve the stiffness of the joint of the sliding pillow and guide rail. Through model analysis and comparison of natural

frequencies, the scheme which used higher rigid guide pillow was selected. Based on the improved scheme, another

three improved schemes were proposed to improve the stiffness of ram, finally the best scheme was chosen through model

analysis results. It shows that the modal analysis of machine tool structure and structural optimization are effective means

for improving dynamic performance of machine tool.
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Figure 1  CAD model of whole machine
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Figure 2 Finite element model of
gantry machining center
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Table 1

main vibration mode characteristics
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Figure 3 Sixth vibration mode figure of whole machine
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Figure 4 Linear guide pair of ram
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Figure 5 Improved schemes of linear roller guide
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Table 2 Comparison of modal frequencies before

and after improvement of linear roller guide

iR/ He s/ %
Hrik
BOrS MoHTITR D MEHTRL K#ETRD G#ETEIL

1 44.78  45.26 49.83 1.08 11.28
2 88.83  92.52 97.13 4.16 9.34

3 102.14  109.66 112.44 7.36 10.08

4 110.48  112.44 114.05 1.77 3.23
5 141.98  148.12 164.18 4.32 15. 64

6 200.69  203.74 204.94 1.52 2.12
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Figure 6  Structure of ram
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Table 4 Comparison of modal frequencies before and after improvement
Wi/ Ha W4/ %
ik -
LWIES EEiE EEimES BeiyEl TR | Eeiv eS| EecivESl|
1 44.78 58.21 58.92 59.77 30.00 31.57 33.48
2 88.83 109. 83 111.72 116.27 23.64 25.717 30.89
3 102. 14 112.45 114.5 119.82 10.09 12.10 17.31
4 110. 48 114.06 116.23 121.50 3.24 5.20 9.97
5 141.98 184.36 185.12 184.50 29.85 30.38 29.95
6 200. 69 230.18 234.19 243.81 14.69 16.69 21.49
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