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Optimization Design of Machining Center Column

Based on Dynamic Sensitivity
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Abstract: The dynamic performance of a numerical control (NC) machine tool was analyzed based on structural

dynamics theory. First, the three dimensional model of column was constructed, where the modal of the column

was analyzed using ANSYS Workbench software, and the first-order modal frequency was obtained. The

sensitivities to design parameter variations affecting this dynamic performance were explored and those

parameters with high sensitivities were selected as the design variables. The design process was optimized using

the response surface method by selecting the first-order frequency as target. The first-order modal frequency of

the NC machine column increased by 1.657 Hz, satisfying the maximum displacement and stress constraints,

and the dynamic performance of the column improved correspondingly.
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Fig. 1 Model of column geometry
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Tab. 1 Results of static analysis
O | MPa €y 1 10°° A/ mm A /mm A /mm A /mm
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Fig. 3 Diagram of column stress
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Fig. 4 Total deformation cloud diagram of column
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Fig. 5 Total stress cloud diagram of column
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Tab.2 Natural frequency and vibration mode of column Hz
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Fig. 6 The first six modal frequencies of column: (a) first-order , (b) second-order , (¢) third-order, (d) fourth-order ,

(e) fifth-order , (f) sixth-order
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Tab. 3  Sensitivity changes of design variables to

first-order modal frequencies Hz/mm
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Fig. 8 Optimization process based on finite element analysis
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(a) design variables and first-order modal frequencies,
(b) design variables and maximum displacement,

(¢) design variables and maximum stress
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