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“Development of an Optimal Design for Vibration Testing Fixtures Using Grids”

A vibration-test fixture must deliver shaker excitation to the test specimen with high stiffness and low mass; however, the increasing size of

modern automotive headlamps makes it difficult to secure sufficiently high natural frequencies. This study proposes an automated
fixture-design framework that extends grid-based topology optimization and incorporates manufacturability constraints using a genetic
algorithm (GA). Finite-element models are automatically generated from headlamp geometry and mounting-point data, and optimization
yields lightweight structures satisfying the natural-frequency requirement (> 500 Hz). Testing on three industrial fixtures (A, B, and C)
showed consistent convergence to a cross-shaped rib layout around mounting points and revealed up to 37.5% mass reduction and 36%
reduction in computation time, while empirical manual design failed to meet the target for Fixture C. The results demonstrate that the
proposed method provides a reliable and practical approach to fixture design, improving structural performance, reducing development effort,
and offering strong industrial applicability for large automotive headlamp vibration testing.
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