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FEM-Based Static & Dynamic Design of Computer Numerical Control
Bevel Gear Machine Tool Column

LI Yilong, GUO Zhiquan, LIU Mingtao, LI Yanqi
(College of Mechanical Engineering, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: By using finite element analysis software, structural dynamic design principle, and variational analysis technique
based on finite element method (FEM) , a static and dynamic characteristic analysis was carried out on the column structure
of numerical control bevel gear machine tool. Sensitivity analysis was also conducted according to the geometric parameters
of the column structure. The deficiencies in the original design were found out and then improved in both the structure and

measure. The results show that the static and dynamic performance of the improved column has been increased significantly,

so this method can offer bases for the design and renovation of machine tools.
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Fig.1 Structure of computer numerical control bevel gear
machine tool
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Fig.2 Model of column
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Tab.1 Free mode frequency and modal shape of column

ik BLAAFI Hz PREIFA
1 248.86 PR B Rl AR 230
2 265.51 IR 1SS x S 3l
3 347.67 (LRGeS o]
4 481.88 WA [ 1) 25 iy

(a) —F¥R7Y (248.86 Hz) (b) B R%A! (265.51 Hz)

—

(c) Z=BriR%AY (347.67 Hz) (d) HFPRA (481.88 Hz )
B 3 rHERTI M B HESHIRE

Fig.3 The first four free mode shapes of column
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Tab.3 Dynamic analysis on rid’s thickness
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Fig.4 Finite element model of column with constrain
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Fig.5 Relationship between static deformation and rib’s
thickness
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Fig.6 Relationship between column column mass and rid’s
thickness
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Fig.8 Relationship between the maximal static
deformation and r/w
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Fig.9 Relationship between the first four mode frequency

and r’w
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Fig.10 Frame structure of column
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Fig.12 Relationship between the maximal static
deformation and a/w
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