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A determination method of complex workpiece shapes during a rough machining
operation is proposed based on topology optimization. In the method, topology optimization is used
to calculate workpiece shapes to ensure the stiffness by dividing a rough machining operation into
several steps. Moreover, a determination method of cutting sequence is proposed by using the design
variables obtained in the calculation process of topology optimization of workpiece. In order to
estimate the machined shape based on the proposed cutting sequence, cutting experiments are
conducted. The results show the effectiveness of the proposed cutting sequence to reduce the
deformation of workpiece during a rough machining operation in complex parts machining.
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Fig.1 Rough machining operation is divided into several steps corresponding to certain unmachined volume.
The optimized workpiece shape is calculated depending on applied loads at each machining step.
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(@) Setting of design domain and target shape (b) Setting of boundary condition

Fig. 2 Target shape and divided fixed design domain are prepared in workpiece, and nodes on the tip of
triangles are fixed on boundary and loads are set around target shape.
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Fig. 3 Removal domains are obtained by extracting the difference of successive calculated workpiece
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Fig. 4 Comparison of machined shapes depending on different cutting sequences. (b) and (c)
are the enlarged views indicated using a circle in (a).
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Fig.5 Workpiece shapes during a machining operation are calculated as the reverse order of machining
process by adding an element in descending order of the average value of design variable.
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Fig. 6 Comparison of machined shape using the proposed method and original CAD model.
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