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Abstract

This project study on the development and optimization of internal structural
components to enhance their efficiency and safety under impact conditions. The study
focuses on comparing the energy absorption capabilities of polygonal cross-sectional tubes,
aluminum tubes, foam-filled tubes, and fiberglass-wrapped tubes when subjected to lateral
compression. Key variables examined include maximum force, energy absorption capacity,
specific energy absorption, and maximum force efficiency. The primary objective is to provide
engineering design guidelines for structures intended to mitigate impact-related issues, such

as vehicle collisions, thereby contributing to the reduction of accidents and fatalities.

The analytical results can be found that hexagonal aluminum tubes exhibit the
highest maximum force efficiency, followed by octagonal tubes. Among foam-filled tubes,
those with a square cross-section and a foam density of 80 ke/m?* demonstrated superior
maximum force efficiency, with hexagonal foam-filled tubes of the same density ranking
second. For fiberglass-wrapped tubes, octagonal tubes with a 2 mm fiberglass thickness
achieved the highest maximum force efficiency, while hexagonal tubes with a 6 mm
fiberglass thickness followed closely. The analysis concludes that square cross-section foam-
filled tubes offer the best performance in terms of maximum force efficiency. Consequently,
foam-filled tubes are recommended as an effective solution for energy absorption in
structural impact scenarios, with fiberglass-wrapped tubes being a viable alternative. When
designing energy-absorbing structures for impact applications, it is essential to consider
critical factors such as ensuring that the maximum force applied does not exceed the
structural integrity of the main framework and selecting tubes that provide optimal energy
absorption. These considerations are vital for enhancing the safety and performance of

impact-resistant structures.



