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Theoretical and Simulation Study on the Ridgeline
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Abstract: Theoretical expressions of mean crushing force were theoretically derived out based on an ideal
folding element model of square tube, the method of energy dissipation decomposition during its plastic
deformation process and modified energy balance equation of thin-walled square tube with strengthened
ridgelines subjected to static axial crushing. Secondly, The crushing test results of Q235 square tube verified
the accuracy of theoretical expression. The four ridgelines of Q235 square tube were hardened by plastic
strains during manually fabricating process. Crushing test result correlates well with theoretical result and
simulation result, among which the biggest deviation is lower than 2%. Then finite element models of
original square tube and ridgeline strengthening square tube subjected to quasi-static axial crushing were both
built using Hypermesh9.0 and subsequently imported into LSDYNA971 one by one to conduct elastic-plastic
dynamics simulation calculations. Simulation result comparisons show that the section force of thin-walled
square tube can be increased dramatically by selectively strengthening ridgelines by locally laser quenching,
which is very suitable for rigidity and strength design for some core components in vehicle body structure.

Keywords: thin-walled square tube; ridgeline strengthening; crushing test; numerical simulation; mean
crushing force
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Figure 1. Ideal 1/4 folding element model Figure 2. Cross section parameters of RS square tube
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Table 1. Chemical components of 440A steel %
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Figure 3. Numerical simulation model of RS square tube Figure 4. Stress-strain Curves
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Figure 5. Plastic deformation of RS square tube Figure 6. Plastic deformation of original square tube
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Figure 7. Tensile specimens of plate and ridgeline Figure 8. Engineering stress-strain curves
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Figure 9. Axial crushing test of Q235 square tube Figure 10. Plastic deformation of Q235 square tube
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Figure 11. Test crushing force curve for Q235 square tube Figure 12. Simulation crushing force for Q235 square tube
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Figure 13. Axial crushing force comparison Figure 14. Axial crushing energy absorption comparison
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