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In this paper, we focus on the numerical modeling of the reliability of the self-piercing rivet process. Tensile tests were
conducted on SPR joining Al (ECO Al7021-T7) specimens. In addition, a 2D axisymmetric FE model was generated to
characterise the SPR joining process on the extruded Al sheets. The simulations were carried out using the LS-DYNA, one
of the representative explicit finite element codes. A tensile simulation of the riveted two Al plates was performed to
investigate the tensile behaviour of self-piercing rivet parts. An FE analysis results showed comparatively good agreement

with experiments.
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Table 1 Mechanical properties of ECO Al7021-T7

E Oy oy & v
(GPa) (MPa) (MPa) )
72 380 610 13.6 0.33
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Fig. 2 Specimen configuration of SPR joint
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Fig. 4 Experimental setup: (a) MTS 810, (b) tensile specimen joint
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Table 2 Result of quasi-static tensile test of SPR joint

SPR Joint

Maximum force (kN) 133
Displacement (mm) 6.4
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Fig. 5 Force-displacement curve of SPR joint during quasi-static test

Fig. 6 Failure mode observed in the SPR joint specimen
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Fig. 7 FE model of self-piercing riveting analysis
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Fig. 8 Shape comparison between analysis and cross-section of real

field rivet: (a) Von Mises stress, (b) cross-section of rivet part
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Fig. 9 FE model of tension analysis for SPR joint

Table 3 Mechanical properties of FE model

Al plate Rivet

Poisson’s ratio 0.33 0.28
Modulus (GPa) 72 210
Yield strength (MPa) 380 1226
Specific gravity 2.7 7.8

Table 4 Friction coefficients

Contact surface Friction coefficient

Rivet vs. upper plate 0.35
Rivet vs. lower plate 0.35
Upper plate vs. lower plate 0.29
Mg
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Fig. 10 Comparison of the experimental and FE analysis result: (a)
Experiment, (b) FE analysis result of von Mises stress
distribution
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Fig. 11 Force-displacement curves of FE analysis and experiment
of SPR joint tension test
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Fig. 13 Energy absorption of SPR joint during tension
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