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Study on forming quality and mechanical properties for self-piercing
riveting of die-cast aluminum and high-strength steel
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Abstract: The forming quality, mechanical properties and failure modes of self-piercing riveting for JDAIb and HC340/590DP ( JDA),
AlSi10MnMg-T7 and HC340/590DP ( ALSI) die-cast aluminum and high-strength steel were studied by cross-sectional microstructure analysis of
riveted joints, and shearing, peeling and cross-tension tests. The results show that compared with the riveted joints of JDA group, the riveted
joints of ALSI group have smaller undercut amount and worse forming quality. As the thickness of lower plate increasing, the forming quality of
the riveted joints of both groups decreases. Compared with the riveted joints of JDA group, the mechanical properties and energy absorption of
the riveted joints of ALSI group were weaker. As the thickness of lower plate increasing, the peak loads and energy absorption values of the rive-
ted joints for two groups decrease in the shearing and peeling conditions, while in the cross-tension condition, the peak loads and energy absorp-
tion values of the riveted joints for two groups increase, and the changes in the peak loads and energy absorption values of the riveted joints of
ALSI group are more obvious. The failure mode of the riveted joints for two groups is mainly the separation of the lower plate from the rivets, and
only the cross-tensile specimen with the thickness of 2.0 mm of lower plate in the JDA group shows the upper plate fracture phenomenon.
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Table 1 Mechanical properties of materials
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MPa MPa %
JIDA1b KR E 4 129 242 14.0
AISi1OMnMg-T7 FE#68 64 94 213 19.6
HC340/590DP 554K 369 638 25.5
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Fig. 1 ~ Test samples, rivet parameters and bottom die selection of self-piercing riveting test

(a) Shearing sample  (b) Peeling sample

(¢) Cross-tension sample

(d) Rivet sizes  (e) Bottom die profile
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Table 2 Riveting combinations and numbers
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Fig. 2 Cross-section diagrams of SPR joints in different combinations
(a) Schematic diagram of joint profile characteristic values  (b) Joint of JI ~ (c) Joint of J2
(e) Joint of A1 (f) Joint of A2  (g) Joint of A3
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Fig. 3 Left and right undercut amounts and self-locking

depth of SPR joints in different combinations
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Fig. 4 Tensile test results of SPR joints in different combinations

(a) Shearing working condition, load-displacement curve (b) Shearing working condition, changing curves of peak load with thickness of lower plate

(¢) Shearing working condition, changing curves of energy absorption value with thickness of lower plate (d) Peeling working condition, load-displacement curves
(e) Peeling working condition, changing curves of peak load with thickness of lower plate
(f) Peeling working condition, changing curves of energy absorption value with thickness of lower plate
(g) Cross-tension working condition, load-displacement curves (h) Cross-tension working condition, changing curves of peak load with thickness of

lower plate (i) Cross-tension working condition, changing curves of energy absorption value with thickness of lower plate
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Fig. 5 Failure modes of shearing samples

(a) Joint of J ~ (b) Jointof J2  (c) Joint of J3  (d) Joint of Al  (e) Joint of A2  (f) Joint of A3
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Fig. 6 Failure modes of peeling samples

(a) Jointof J1  (b) Jointof 2 (c) Jointof J3  (d) Joint of Al  (e) Joint of A2  (f) Joint of A3
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Fig. 7 Failure modes of cross-tension samples
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