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Crashworthiness Analysis and Optimization of Thin—walled Tube with
Pyramidal Folding Patterns

HU Xiaoguang, SUI Yunkang, XUE Guilin, DU Jiazheng
Numerical Simulation Center for Engineering, Betjing University of Technology, Beijing 100124, China

Abstract Thin-walled structures are often used as energy absorbers to dissipate the kinetic energy of impacting in case of accident. In
order to improve the crashworthiness of thin—walled structures, the pyramidal folding pattern is added to the smooth surface of traditional
cylindrical shell. LS-DYNA is adopted to analyze the new tube’s crashworthiness with explicit Finite Element (FE) technique. Fibonacci
Search method is used to search the optimal number of sides of polygon of the new model’s section. With the height and obliquity of the
pattern as optimization variables, the absorbed energy as the optimization objective, the optimization model is built. Response Surface
Method is used to obtain an approximation of the implicit quadratic function to make the optimization objective explicit. And then, the
optimization problem can be solved. Take 40mm-radius tube with pyramidal folding patterns as an example, the optimization results show
that, when the side number of the section polygon is 11, the pattern’s height is 80 mm and the distance from pattern peak to axis is
38.92mm, the pyramidal folding pattern tube has the best ability in absorbing energy. Compared with the traditional smooth cylindrical
shell, the energy—absorption ability is improved by 31.88%. The new folding pattern structure proposed in this paper can be applied in
designing practical energy absorption components. The directions for further study are suggested.
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