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Fig. 1 Diagram of process of self-piercing riveting: (a) Preload; (b) Penetration; (c) Expansion; (d) Seated; 1—Punch; 2—

Rivet; 3—Riveting die; 4—Blank holder
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Table 1 Chemical components of 5182-O aluminum alloy

Mass fraction/%
Element
Standard value Measured value

Si <0.2 0.054
Fe <0.35 0.16
Cu <0.15 0.039
Mn 0.2-0.5 0.24
Mg 4.0-5.0 4.84
Cr <0.1 0.021
Ti <0.1 0.02
Other <0.20 0.018
Al Bal. Bal.

2 5182-0 &4 IR
Table 2 Mechanical properties of 5182-O aluminum alloy

Hardness, HV 09,/MPa o,/MPa  Elongation/%

75 140 278 25
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Fig. 2 Cross-section draw of rivet and dies (Unit: mm): (a) Rivet; (b) D-die; (c) F-die
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Fig. 3 Key geometric dimensions of self-piercing riveting
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Fig. 4 Specimen for mechanical properties and die of cross drawing: (a) Shear test; (b) Tensile test; (c) Die of cross drawing
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Fig. 5 Specimens for mechanical properties and die of cross drawing: (a) D-L5.0 mm; (b) D-L5.5 mm; (c) D-L6.0 mm,;
(d) D-L6.5 mm; (e) F-L5.0 mm; (f) F-L5.5 mm; (g) F-L6.0 mm; (h) F-L6.5 mm
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Fig. 7 Load—displacement curves of joints: (a) D-shear load; (b) D-tensile load; (c) F-shear load; (d) F-tensile load
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Fig. 8 Mechanical properties of joints
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Fig. 9 Failure mode of joints: (a) D-shear load; (b) D-tensile load; (c¢) F-shear load; (d) F-tensile load
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Fig. 11 Hardness values of joints
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Fig. 14 Orientation distribution maps in deformation zones of upper sheets: (a) D- 1 1; (b) D-1,; (c) D-13; (d) F-1 ;
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Fig. 18 Geometric model of self-piercing riveting: (a) 3D
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Fig. 22 Strain contours of 5182-O sheet under two kinds of bottom dies during self-piercing riveting process: (a) D-

penetration; (b) D-seated; (c) F- penetration; (d) F-seated
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Table3 Comparison of simulated and actual results

Die D/mm u/mm s/mm
type Simulated Actual Error/ Simulated  Actual Error/ Simulated  Actual  Error/
value value % value value % value value %
D 7.643 7.75 14.2 0.618 0.65 49 0.365 0.35 5.7
F 7.094 7.27 2.4 0.454 0.51 10.9 0.276 0.30 8.0
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Effects of technological parameters on
microstructure and properties of self-piercing riveting joints of
5182-0O aluminum alloy sheets

MAO Xiao-dong, LIU Qing-yong, LI Li, GU Ning-jie, YANG Hao, FU Lei, ZHAO Pi-zhi

(CHINALCO Materials and Application Research Institute, Beijing 102209, China)

Abstract: Under the actions of D-die and F-die, four lengths of rivets (5.0 mm, 5.5 mm, 6.0 mm and 6.5 mm) were
used to conduct self-piercing riveting tests on the joints of 1.5 mm+1.5 mm 5182-O aluminum alloy plates. The
key characteristic values were measured on the profiles of the joints. The microstructure and mechanical properties
of the joints were studied by using EBSD, hardness tests and tensile tests. Based on the constitutive models of
5182-O plates under different strain rates and the Johnson-Cook damage model, the forming process of
self-piercing riveting was established and the simulation results were compared with the experimental results for
verification. The results show that the mechanical properties of the joints increase firstly and then decrease with the
increase of rivet length. When the length is 6.0mm, the mechanical properties of the joints are optimum. Under the
same length of rivet, the mechanical properties of joints in group D are significantly higher than those in group F.
The degree of deformation in group D is obviously higher than that in group F, resulting in higher work-hardening
capacity. Software DEFORM-2D was adopted to establish the forming model of self-piercing riveting. The
simulation results show an error of less than 15%, compared with the results by experiment, which verifies the
accuracy of the model.

Key words: 5182-O aluminum alloy; self-piercing riveting; mechanical properties; EBSD; deformation

microstructure

Foundation item: Project(TC180A6MR) supported by the National New Material Production and Application
Demonstration Platform of China

Received date: 2020-07-22; Accepted date: 2020-12-04

Corresponding author: MAO Xiao-dong; Tel: +86-10-66600113; E-mail: Maoxiaodong@cmari.com

(i ¥



