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Abstract: The automotive future demands light and affordable designs and components. Stricter
regulations, worldwide competition and environmental aims push on this trend. To develop lighter
parts in a decreased time structural optimization is used in many R&D departments. To ensure an ideal
design of cast parts in the topology optimization a casting simulation is integrated in the optimization
procedure. With this additional simulation the castability can be optimized in parallel to the
mechanical properties and the weight. Several manufacturing restriction such as the draft angle,
minimum member, hole and pocket size, smooth parting line and the reduction of cold run, turbulence
as well as shrinkage porosity are implemented. The result is a manufacturable and light structure,
which can be transferred into a real part easily. To describe the geometry a regular voxel mesh in
combination with a binary design variable per element was used in the past. For the simulations it was
converted to an equilateral hexahedron mesh. While this modelling has advantages respective the
implementation of manufacturing restrictions and nonlinear load cases, its disadvantages is the rough
description of the surface in the FEM simulation or the CAD conversion after the optimization. Also
small changes in the geometry are not possible. In this paper an approach is shown to use the available
routines of the topology optimization to optimize the shape of the part on a small scale, too, and
provide a smooth optimization result. This is done by using a design variable per element, which can
be continuous between zero and one in the surface layer. In this way all implemented functions and
manufacturing restrictions can be used for both topology and shape optimization. To avoid numerical
difficulties the FEM simulations are done with a converted tetrahedron mesh. This increases the
quality of the simulation by guaranteeing a smooth surface and avoiding sharp edges. The CFD based
casting process simulation is done with the very fast, structured hexahedron elements. The results of
the simulations are mapped on the optimization model to change the part design again. Beside the
increased degrees of freedom for doing shape optimization and the higher simulation quality with
adapted meshes this optimization procedure allows the smoothing of the surface. In summary this
approach features better optimization results, which are light and castable with a smooth surface,
decreases the development time and enables the next step of an automatically development process,
the CAD conversion.



