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Parametric Study of Steel-Al Alloy SPR Joint Process via Finite
Element Analysis
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Abstract
The parametric study of Steel-Al alloy SPR joint process is based on the FE simulation described by Kim et al. [10], which

was validated by comparing experimental and simulation results for two kinds of steel-Al alloy combinations according to the

lower sheet thickness. To analyze the SPR joint process, the friction coefficient, the lower sheet thickness, and the rivet length

were selected as the main parameters. Based on FE simulations, the effect of main parameters was investigated by measuring

the interlock and the bottom thickness at the cross-sectional shape of the SPR joint. The results of simulation facilitate the

design of SPR joint process in various metal combinations.
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Table 1 Material properties of GAS90DP 0.8t
Parameter of the Swift model
K [MPa] g [-] nl-]
1061.8 0.003 0.179

Parameter of the Drucker—Prager fracture model
k &
1061.75 0.0029 0.179

n b c

1046.740 0.157
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Table 2 Material properties of A15052-H32 1.2t

Voce parameter Anisotropic Properties for Hill’s 48
A B C 00 70 745 790
[MPa] | [(MPa] | [-] | [MPa] | [] [ [ i
288.1 96.3 23.5 190 0.54 0.66 0.83 -4 =i
Table 3 Material properties of rivet
(Bottom thickness at rivet)
Parameters of the Voce
E | Poisson’s | oy model Fig. 3 Measurement of major dimensions in the cross-
[GPa] | ratio[-] | [MPa] 4 B C section of the SPR joint
[MPa] [MPa] [-]
173 03 1065 1520 455 95 Table 4 Measurement of SPR dimensions from the
experiment and simulation
Punch Experiment Simulation
1 : Displacement Control . . R R
Dimensi Bottom thickness Bottom thickness
on [mm] [mm)]
1.2 2.0 1.2 2.0
3.939 3.467
7, [mm] | 4.000 3.426
(1.5%) (1.2%)
o ] 3.605 2.784
En r, [mm] | 3.670 2.740
(1.8%) (1.6%)
‘ : Ar 0.334 0.683
i massaes S fza] 0.330 0.686 (12% 04%
T mm 2% 4%
R L
0.397 0.600
t, [mm] | 0.404 0.621
(1.7%) (3.4%)
Avg.
£ - - 1.6 1.7
error [%]
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Fig. 4 (a) Simulation results according to the friction
coefficient: Steel-Al 0.15, Steel-Steel 0.2

Yt

Fig. 4 (b) Simulation results according to the friction
coefficient: Steel-Al 0.3, Steel-Steel 0.3
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Table 5 Measurement of SPR dimensions according to the

friction coefficient

Friction coefficient

Dimension Steel-Al 0.15 Steel-A1 0.3

Steel-Steel 0.2 Steel-Steel 0.3
1, [mm] 3.467 3.412
r, [mm] 2.784 2.806
Ar [mm] 0.683 0.606
t, [mm] 0.600 0.570
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Fig. 5 (a) Simulation results according to the initial
thickness of the lower sheet: 1.2t

Fig. 5 (b) Simulation results according to the initial
thickness of the lower sheet: 1.5t



Fig. 5 (¢) Simulation results according to the initial
thickness of the lower sheet: 2.0t

Table 6 Measurement of SPR dimensions according to

the initial thickness of the lower sheet

) ) Bottom thickness [mm]
Dimension

1.2 1.5 2.0
7, [mm] 3.939 3.974 3.467
r, [mm] 3.605 3.378 2.784
Ar [mm] 0.334 0.596 0.683
tp, [mm)] 0.397 0.383 0.600
3.3 2|8l 4ol
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Fig. 6 (a) Simulation results according to the rivet length:

4.5 mm

Fig. 6 (b) Simulation results according to the rivet length:
5.0 mm

Fig. 6 (c) Simulation results according to the rivet length:

5.5 mm

Table 7 Measurement of SPR dimensions according to the

rivet length
. . Rivet length [mm]
Dimension
4.5 5.0 5.5

7, [mm)] 3.304 3.467 3.640

r, [mm] 2.806 2.784 2.778

Ar [mm] 0.498 0.683 0.862

t, [mm)] 0.666 0.600 0.366
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