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Research on High Efficiency Numerical Simulation and Application of
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Abstract: To achieve accurate and efficient prediction of mechanical response and crash failure of

steel-aluminum hybrid self-piercing riveted joints, and support the lightweight and crashworthiness design of

steel-aluminum hybrid vehicle bodies, adaptive mesh technology is adopted to establish an SPR forming simulation

model for high-strength steel and cast aluminum, and the influence law of process parameters on joint forming quality

is analyzed. A refined solid model incorporating process history is constructed through residual stress-strain field

mapping, and the joint failure mechanism is revealed combined with mechanical tests. An efficient numerical

simulation model for self-piercing riveting (SPR) is developed and calibrated, and applied to the analysis of vehicle

small-overlap crash conditions. The results show that the error of characteristic cross-sectional dimensions from forming

simulation is no more than 10%; the peak load prediction error of the model considering process history is less than

6%, and that of the efficient SPR model is below 2%. Vehicle-level simulation can accurately reproduce joint failure

and structural deformation behaviors.

Key words: Self-piercing riveting, Mechanical response, Numerical simulation, Steel-aluminum hybrid

material, Failure prediction
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