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Development of Lightweight and High-rigidity Shape Design Method
using Topology Optimization Calculation for Cast Products Subjected
to Multiple External Stresses
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Abstract

Topology optimization is a shape optimization method that reduces the weight or increases the stiffness
of a product shape by calculating the minimum necessary structure against external forces. However,
topology optimization theory for multiple external forces and stresses has not been established, and
there are very few applications to products. Therefore, this study investigates a method of topology
optimization for cast products under external forces and thermal stresses using general-purpose software
without modifying the theoretical equations. As a result, a topology optimization method was developed
to represent the deformation caused by multiple stresses using alternative loads obtained from the results
of a preliminary analysis that reproduced the product's operating environment. Also, it was possible to
design a lightweight and high-rigidity casting product shape capable of tolerating thermal stresses and
external forces using this method. Furthermore, the casting with the optimal shape was manufactured
and a heating test under restraint conditions were conducted. As a result of the test, it was confirmed that
there was less deformation due to thermal stress than the conventional shape.
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