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Comparison on forming quality and static strength for self-piercing riveting
joints of laminated plates with different sandwich materials and
AAS5052 aluminum alloy

Huang Zhichao, Zhang Yukuan, Jiang Yuqiang
(Key Laboratory of Conveyance and Equipment, Ministry of Education, East China Jiaotong University, Nanchang 330013, China)

Abstract ; In order to compare forming quality and static strength for self-piercing riveting joints of laminated plates with different sandwich
materials and AA5052 aluminum alloy, the laminated plates with the thickness of 1.5 mm were prepared by using MOO5 acrylic high-
strength structural adhesive, EVA foam and nickel foam as interlayers, respectively, and the self-piercing riveting test was carried out by
two kinds of plate combination methods. The results show that in the aspect of forming quality, the forming quality of joints when taking the
laminated plate as the upper plate is better than that when taking the laminated plate as the lower plate, and the type of sandwich material af-
fects the forming quality of joints. The forming quality of the laminated palte with EVA foam is the best, the laminated plate with nickel foam
is the second, and the laminated plate with MOOS acrylic high-strength structural adhesive has the worst forming quality. The forming quality
of joints affects the static strength of joints. The better the forming quality of joints is, the greater the static strength of corresponding joints is.
In terms of failure mode, when the laminated plate is used as the upper plate, the failure mode of joints is that the rivet pulls out the aluminum
alloy plate, and when laminated plate is used as the lower plate, the failure mode of joints is that the lower substrate of laminated plate is pulled
out by rivets, accompanied by the tensile tear of the upper substrate and the sandwich material of laminated plate.

Key words: sandwich material; laminated plate; self-piercing riveting; forming quality; static strength
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Table 1 Property parameters of sandwich material

kR 28 Hufe

A BEREEE/ (Pa - s) 10000 ~ 13000

MO05 P iz B iZHNEE/ (Pa + s) 8000~ 10000
(SR Tl A BESF Y5 i/ MPa =15
B 23y Ui BE/ MPa =15
L2/ mm ®0.2
— WAL/ % =98
TEE/ (g m™) 320
LB/ % 98
FHE/ (kg » m ™) 77.6
. Fir 5 B/ MPa 1. 00
EVABH W/ % 13
WIKH/ (g + em™) 98

1.2 EEREE

Eai b T A LR v ] S J2 R A
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YR A S R IDRG B AR T 7RI OGS
BRU'ST o A I R L 5 BIORG e A ORE SR T AL 3L D
B TR, KR Rk, fER A HRE R, TE
JERAHR b AR R 22 B R, LAPRIEAE
[ AR IR k) o] 8 AN [ S J2 8 9 J2 45 A i
FTRERLARE, AR RN 1.5 mm, XF AA5052-
H112 & G AR Z 4B 2 S 0T ) A P fE
D, AL RN 2 Fs
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Table 2 Mechanical properties of plates

PURsR e/ SRR, SR, R/

i
MPa MPa GPa %
AAS052-HI112 #3444  218.8 203.0 68.9 12
MOOS TN ¥ IR 75 ik i
N 157.1 154.9 2.9 11
EEMI I 2 2 A
EVA {fgZZEAH  158.8 157.5 49. 4 11

WA 2 Z A 163.6 160. 5 45.1 11

1.3 Bk
EAWIER R 1.5 mm, M B HIERE R
1.5 mm ) AAS052-H112 344, f#iF Henrob 23 )
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Fig. 1  Geometric dimensions of half-hollow rivet and die
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Table 3 Combination modes of each joint
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Fig. 2 Geometric dimensions of self-piercing riveting
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Fig. 3 Schematic diagram of forming quality evaluation parameters for

self-piercing riveting joints
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Fig. 4 Forming quality of each joint
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Fig. 5 Comparison of pin foot opening and residual bottom

thickness for self-piercing riveting joints
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Table 4 Main data of tensile-shear test
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Fig. 6 Comparison diagrams of influence of plate metal combination modes on static strength of joints

(a) Laminated plate with MOO5 acrylic high-strength structural adhesive sandwich

(b) Laminated plate with EVA foam sandwich

(c¢) Laminated plate with foam nickel sandwich
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Fig. 7 Comparison between peak load and pin foot opening for

self-piercing riveting joints
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Fig. 10  Failure modes of self-piercing riveting joints
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