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Abstract: The rivet cracks generated in joining high-strength steels using SPR were simulated
through finite element model, and the effects of rivet crack depth, crack position, and crack quantity
on the mechanics properties of steel-aluminum SPR joints were systematically investigated. Firstly, a
2D axisymmetric numerical model was established using LS-DYNA software to simulate the SPR
processes, and the accuracy of the numerical model was validated by comparing experimental and sim-
ulated joint cross-profiles. Secondly, a 2D-3D finite element model generation method was employed
to establish a 3D numerical model of SPR joints to simulate the mechanics properties of SPR joints.
The fracture parameters of rivets were calibrated using LS-OPT software. The developed 3D numeri-
cal model of SPR joints could accurately predict the mechanics properties of SPR joints. The results of
parametric study indicate that the mechanics properties of the SPR joints decrease with increasing
crack depth and gradually increase as the external crack position moves downward, but the internal
crack has minimal influence. When multiple cracks exist in the rivets, the mechanics properties of the
joints depend on the weakest cracks and are independent of the quantity.
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Tab.1 Mechanical properties of sheets

o PP/ R/ N ! Jet Il 2 JBE /
Lk GPa (kg * m— %) TRt MPa

DP590 210 7.83X10° 0.3 373

6063-T6 70 2.70X10° 0.3 245

ET 210 7.83X10° 0.3 1900
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Fig.2 Stress-plastic strain curves for sheets and rivet
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Fig.3 Shear mechanical test for joints
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Tab.2 Parameters of Johnson-Cook constitutive model

R A /MPa B/MPa n C
DP590 279 370 0.38 0.084 95
6063-T6 245 402 0.6286 0

% 3 Johnson-Cook 2k 12 B £ #2122

Tab.3 Parameters of Johnson-Cook failure model
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