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Structural Design Optimization Method for Moving Parts of
Machine Tool Based on Equivalent Static Load Theory

DUAN Pengyun', DING Xiaohong®
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2. School of Mechanical Engineering , University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract: In order to ensure the machining accuracy and cutting efficiency, the moving parts of a machine
tool not only need to be of higher stiffness in the cutting process, but also is required to have a light weight
so as to reduce the inertia and deformation due to the self-weight during the fast moving process. As a
typical design example, the headstock of a bevel gear grinder was studied. A flexible multi-body dynamics
finite element model including the components of headstock, electric spindle grinding head, ballscrew and so
on was established. The flexible multibody system dynamic analysis was combined with the static structure
optimization theory based on the equivalent static load theory and the topology optimization design was
performed on the headstock. Compared to the traditional topology optimization design of the headstock
based on the static load, the proposed lightweight design method is suitable for moving parts of machine
tool. The results show that the weight of the headstock is decreased by 8. 5% while the static and
dynamitic performance maintain nearly unchanged.
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Fig.2 Model of headstock parts
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Fig.3 Finite element model of the multibody

system of headstock parts
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Fig.4 Displacement and velocity curve of the headstock
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Fig.5 Headstock’s flexible multibody dynamics simulation results
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Fig.7 Initial optimization model of the headstock
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Fig.8 Optimization results of the headstock based on

the equivalent static load theory
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Fig.10 Headstock’s static topology optimization results
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