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Abstract: The hybrid dynamics of multi-rigid-body and multi-flexible-body system becomes the mainstream of multi-body dynamics.
Currently there lacks a compact approach to model the hybrid dynamics, especially in modern machine tool application, due to the
difficulty of solving the hybrid equations or the limitation of current software when dealing with the hybrid dynamics. The extended
transfer matrix method (E-TMM), which extends elementsin three-dimensional space with higher matrixes, is proposed to simplify the
modeling process of the hybrid dynamics. The E-TMM modeling approaches of 3 basic elements including 3D vibrant rigid body, joint
and flexible body are studied in details. A parallel mill-turn tool spindle head unit driven by dual-linear motorsis chosen as a plant to
demonstrate the E-TMM modeling process. By using E-TMM, the spindle head unit is simplified as atopological network consisting of
the three types of element, i.e., 3D vibrant rigid body, joint and flexible body, including 11 rigid bodies, 14 joints and 1 3D-Timoshenko
beam. Then the dynamic model of the system can be easily obtained by deducing the element-network by means of state vector
transformation. The dynamic characteristics of the spindle head, such as natural frequencies, dynamic flexibility, etc. can be predicted by
solving the obtained model. Experiment verification indicates that the E-TMM is valid with enough accuracy in the dynamic analysis of
the parallel mill-turn tool spindle head. The E-TMM is capable of modeling the dynamics of machine tool structure with no
requirements of deducing and solving the sophisticated differential equations. Moreover the E-TMM provides a simple and elegant tool
for hybrid dynamic analysis in future dynamic design of machine tools.

Key words: NC machine tools, dynamics, modeling, transfer matrix method (TMM)




| A P XA (PDEFF ) |

Huhl: b EdL s E K22 B 45 100037 B, 1% 8610-88379907 4 B 8610-68994557
E-mail: cjme@mail.machineinfo.gov.cn http: // www.cjmenet.com.cn 9

©2006 AL CHUM CRESEAR) il



