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Perturbation Analysis and Optimization Design for Machine Tool
Based on Joint Interface

LIU Haitao, ZHAO Wanhua

(State Key Laboratory for Manufacturing Systems Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: With the dynamic constitutive equation of sample structure, perturbation theory is em-
ployed to analyze the dynamic characteristics of machine tool based on joint interface, and the in-
fluence of the joint interface variation on mass, stiffness and damping matrix is indicated. The in-
fluence of machine tool dynamic performance under the perturbation of stiffness is presented with
the comparison of the varying stiffness and damping matrices before and after perturbation. Sen-
sitivity analysis of eigenvalue and quantitative optimization design for a beam-moving-type ma-
chine tool is carried out, and the impact of the four joint interfaces stiffness to the natural fre-
quency is pointed out and the definitive stiffness value of the guideway joint, which can prompt
the machine tool first-order natural frequency from 29 Hz to 35 Hz. is gained. Finite element a-
nalysis shows that the error of first-order eigenvalue perturbation method is limited within 5%.
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