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Deformation characteristic and fatigue failure mechanism on self-piercing
riveting joints for aluminium alloy

Zhang Xianlian, Zhang Qing, Fu Wensheng, Tian Maotao
(School of Mechanical Engineering, Yangtze University, Jingzhou 434023, China)

Abstract : The fatigue tests for the self-piercing riveting (SPR) joints of similar aluminium alloy were carried out, and the fracture analy-
sis and fatigue deformation analysis were conducted to explore the high-cycle fatigue failure mechanism and deformation characteristics of
joints. The results show that during the load-bearing process of SPR joints, the single lap structure is affected by the secondary bending
effect, resulting in significant warping deformation at the end of upper plate. In high-cycle fatigue tests, there are two types of fatigue fail-
ure modes, namely, upper plate fracture and lower plate fracture. There are several fatigue sources on the upper plate fracture, and the
crack initiates at the bottom of upper plate, gradually extends to the top surface in a divergent manner. The two fatigue sources of the lower
plate fracture are symmetrically distributed in the region, with one side as the main extended source area, and the end shows instantaneous
fracture characteristics. The results and deformation characteristics of the stage suspension fatigue test indicate that the initiation life of fa-
tigue crack is significantly longer than the propagation life of crack. The degree of fatigue deformation becomes more serious with the in-
creasing of load level. In the stable growth stage of the fatigue deformation curve, there is a linear characteristic between the deformation
amount of joint and the fatigue life.
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Table 1 Mechanical properties of AA5083 aluminium
alloy plate
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Fig. 1 Formed cross-section of SPR joints for AA5083 aluminium alloy
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Fig. 2 Schematic diagrams of cross-section sizes for riveting tools

(a) Self-piercing rivet  (b) Lower die
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Fig. 3 Installation physical map of fatigue test specimen
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Fig. 4 Typical load-displacement curve
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Fig. 5 Failure process of joint during tensile-shear test
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Table 2 Fatigue test results of SPR joints for AAS083 2.8f _ﬁf/g ;g il
aluminium alloy
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o7 200551 ARBT Fig.6 F-N curve of SPR joints for AA5083 aluminium alloy
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Fig.7 Fatigue failure specimens of SPR joints for AA5083 aluminium alloy
(a) Fracture along hole of upper plate

(b) Fracture through bottom of lower plate
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Fig. 8 Fatigue fracture morphologies of upper plate for SPR joints of AA5083 aluminium alloy

(a) Propagation region on left ~ (b) Fatigue source region ~ (c¢) Propagation region on right ~ (d) Instant fracture region
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Fig. 9 Fatigue fracture morphologies of lower plate for SPR joints of AA5083 aluminium alloy

(a) Propagation region on left ~ (b) Fatigue source region on left ~ (c¢) Fatigue source region on right ~ (d) Instant fracture region
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Fig. 10 Joint deformation characteristics under fatigue load

(a) Load level of 60%  (b) Load level of 50%  (c¢) Load level of 40%
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Fig. 11 D-N curves under higher fatigue load amplitudes
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Fig. 12 D-N curves under lower fatigue load amplitudes
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Fig. 13 Fatigue crack characteristics of specimens in stage suspension fatigue test

(a) Crack on upper plate  (b) Crack on bottom of lower plate

(¢) Fracture of joint cross-section

(d) Crack on bottom of upper plate

(e) Crack on top surface of lower plate
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