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Tab.1 Mechanical properties of sheet materials

FoRE S AR 3 5 / MPa PR/ GPa BUHIBREE/MPa R/ %

TA1 396. 8 98.5 402.5 33
AA5052 211.5 69.5 229.9 12
Q215 337.8 191 365. 6 32.7
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Fig. 1 Dimensions of self-piercing riveted joints
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Tab. 2 Optimum parameters for self-piercing riveted

- TR & ] 25 P 5 B R T » (RS
ErRe TR

/MPa /MPa /MPa /mm /mm
DA 5 20 11 131. 2 B 6
DB 5 19.5 11 131. 2 B 6
TA 5 20 11 131.2 AR 6
TB 5 19.5 11 131.2 AR 6
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Fig. 2 Load-displacement curves of different joints
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Fig. 3 Fracture morphology of DA joints
(a) macroscopic {racture; (b) SEM images of region A; (¢) SEM images of region B; (d) SEM images of region C
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Fig.4 Fracture morphology of DB joints
(a) macroscopic fracture; (b) SEM images of region A; (¢) SEM images of region B; (d) SEM images of region C
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Fig. 5 Fracture morphology of TA joints (a) macroscopic fracture; (b) SEM images of region Aj;
(c) SEM images of region B; (d) SEM images of region C
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Fig. 6 Fracture morphology of TB joints

(a) macroscopic fracture; (b) SEM images of region A; (¢) SEM images of region B; (d) SEM images of region C
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Tab. 3 Statistic of different joints

A Rk 3ok i SRR

G BE/N O bREZ B/ mm bRMEX
DA 4187. 2 404. 77 9.47 0. 81
DB 5781.3 197. 67 7.29 0. 89
TA 1537. 4 175.49 12.76 1.09
TB 2332.0 270. 28 11.01 1.75
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Mechanical properties and failure mechanism analysis of titanium
alloy heterogeneous medium self-piercing riveting joint

LIU Yang, HE Xiao-cong, DENG Cong., XING Bao-ying

(Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Tensile-shear experiment and peel experiment of titanium alloy heterogeneous medium
single-lap and T-type self-piercing riveting joints was carried out. Compared with its static
performance of joint, typical fracture surface of joint was studied by scanning electron microscopy,
and the microscopic failure mechanism was analyzed. Results show that the maximum failure load of
TA1-Q215 joint is larger than that of TA1-AA5052 joint with the same lap type; the faliure of TA1-
AA5052 single-lap joint is caused by lower plate fracture, which demonstrates ductile fracture feature.
The apparance of rivet hole fracture surface of TA1-Q215 single-lap joint is dimple; during the
separation process between rivet and lower plate, plastic deformation occurs on plate, and serious
scratch phenomenon is also observed. The failure of TA1-AA5052 T-type joint is due to the separation
of rivet and bottom plate, the bottom plate has obvious torn edges. When failure mode of TA1-Q215
T-type joint is the separation between rivet and upper plate, plate is torn due to quasi cleavage
fracture mechanism. When rivet and the bottom plate separates, the torn bottom plate exhibites
ductile fracture; during peeling process, rivet produces scratches on bottom plate.

Keywords: TA]1 titanium alloy; self-piercing riveting (SPR); static performance; failure mechanismj;

fracture analysis



