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Mechanical properties and failure modes on SPR specimens with multiple rivets
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Abstract: To investigate the influence of rivet quantity and arrangement on the mechanical properties and failure modes of AA5052 alumi-
num alloy self-piercing riveting (SPR) specimens, fifteen sets of SPR specimens with nine types of rivet quantity and two types of rivet ar-
rangements were prepared. The mechanical properties of the specimens were analyzed by comparing the peak load and energy absorption
values of the specimens obtained from the tensile and shear experiment. Then, the macroscopic failure mode of the specimens were ana-
lyzed, and the fracture was observed by SEM to research the failure mechanism of the specimens. The results show that the rivet quantity
affects both the mechanical properties and failure mode of the specimens, while the rivet arrangement only affects the mechanical properties
of the specimen. The peak load and energy absorption values of the specimens increase first and then decrease with the increasing of the rivet
quantity. When the rivet quantity is same, the specimen with rivet longitudinal arrangement can achieve better mechanical properties. When
the rivet quantity is less than six, the failure mode of the specimen is rivet pulling out, and the closer it is to the edge of the sheet, the grea-
ter the damage of the rivet to the sheet. When the rivet quantity is equal to or greater than six, the failure mode of the specimen is fracture
of sheet with a large number of ductile dimples at the fracture, and the closer to the rivets, the shallower and smaller the ductile dimples.
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Table 1 Mechanical properties of sheet

g 1 [CHE R/ GPa BB B/ MPa Jif HiZ3H JE/ MPa {1 1< 2/ %
5052 44 69.45 234. 18 185.26 13.78
36MnB4 4N 206 1595. 6 1719.7 22
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Fig. 1 Schematic diagrams for sizes (a) and arrangement (b) of all specimens
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Table 2 Schemes and results of experiment

WF BTG BT IE(ET RERMOY Sk iR/
%5 A A N J gL A

1 1 — 5278.0 21.4 I 3
2-H 2 H 8865. 4 31.6 I 3
2-L 2 L 9746.9 49.4 I 3
3-H 3 H 13929.2 60. 0 I 3
3-L 3 L 15452.5 84.6 I 3
4-H 4 H 19014.0 160. 2 I 3
4-L 4 L 19347.3 131.3 I 3
5-H 5 H 21600. 5 197.0 I 3
5-L 5 L 22087. 1 228.5 I 3
6-H ©6 H 22425.5 129. 4 1I 3
6-L 6 L 23487.2 187.8 1I 3
7-H 7 H 23850. 2 145. 1 I 3
7-L 7 L 24590. 0 187.6 1I 3
8 8 — 23969. 4 144.0 1I 3
9 9 — 23905.3 128. 1 1I 3
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Fig.2 Load-displacement curves (a) and failure diagrams (b) of specimens

SR ARTE A BES SR, XA ETR AR
SRR BURZ 21977, R PTHAEASIE BE
FEIET RO B[] e, BAT RO, F s
AR5 BERSOR , SNET X L P FR T Sk 22 BE 0 4 52 )
MR, HAETRERH A7 FRAS 2 KT bt bk
Pt LA, B0ET R i3 0 1 A 1 IR e e
AR AT

K3 ik i 2 P RES B ., WA 3a TR,
BEE BT R 3G R, A 0 U L 28y S 48 DR
AN, TEEVETECRN 7 I, WA A B RO (E L, X
PN 2 B BIETRERS ™ AR 2 1 A A, AT T
PRI AT, (HEIEGE R P 2 R BET 2%
B Z2 1 XS TR AR A (58 8, ol TAROM P BE A
BR300 U {2807y A 7R AR AL, Al 3b BT,



A ZHNET A s R T2 P RE RN R ROR 2K 135

25 8 1) ik
Z2 HEA
25000 A = LEEAR - 7_— _
— 7
20000 - 7
-

15000

10000 -
N —’_‘ %_‘
0 T T '

1 2 3 4 5 6 7 8 9
ET oA
(@

WA HR A /N

250 v HHHAR
0 LA

200 A )

150
7 7
100

ol
1 2 3

e BB/

4 5 6 7 8 9
ET A
®

B3 AR S A

(a) WA 2R

(b) RERMNE

Fig. 3 Average values of mechanical property parameters for specimens
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Fig. 4  Morphologies of open-end for specimens with different rivet arrangements
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Fig. 5 Fracture surfaces and fracture appearances of specimens
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