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Strength prediction on self-piercing riveting joint for similar/dissimilar aluminum
alloys based on response surface method
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(1. Institute of Intelligent Manufacturing Technology, Shenzhen Polytechnic University, Shenzhen 518055, China;
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Abstract: In order to find out the quantitative laws of self-piercing riveting test indexes and joint strength, and the optimal combination of
each factor level to make effective prediction, the self-piercing riveting tests for Al11060, Al5754 and Al6061 aluminum alloy thin plates
were conducted by Box-Behnken Design (BBD) response surface method. Then, taking the hardness of upper plate, hardness of lower
plate and length of rivets as the independent variables, and the failure load and energy absorption value as the response values, a multiva-
riate nonlinear regression model for the strength prediction of self-piercing riveting joint was established. The test results show that the er-
ror of joint strength between predicted and test values is within 8% , which proves the reliability of the regression model. The variance
analysis of the model shows that the hardnesses of upper and lower plates gave a positive correlation with the failure load of joint, and the
length of rivet has a negative correlation with the failure load of joint. The interaction between the hardness of upper plate and the hardness
of lower plate has a greater effect on the failure load and energy absorption of joint.
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Table 1 Chemical compositions of materials

(%, mass fraction)

1k Fe Mn Mg Si VA Ti Cu

Al1060 #3454 0.35 0.03 0.03 0.25 0.05 0.03 0.05

AL Si Fe Cu Mn Mg Zn Ti

Al5754 {354 0.40  0.10  0.50 2.6 0.3 0.15 0.27

R Fe Mn Mg Si Cu

Al6061 Fif4: 1.2 0.15 1.2 0.8 0.25

1.2 BHHHELn

H e R AL R R, S T AR
MR, EHEABRER AT IR, ~AamEaFE
M55 o H M A R — SR T R R (R

) HRAFAEW A hEIE & (EPRN-TF )
Hl#, BVETIEFNAE R &5.3 mm, T EF N H4 19
A5UEVET o B A AR A T A A fer - A R AR R
O R, W R 2R R RS, IRt
At 8%, | ob 843K 0k a9 LA RoF an el 1
FiR o

— B

1.5 mm

20 mm
1

110 mm

1 H e LT R

Fig. 1  Geometric sizes of self-piercing riveting specimen
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Table 2 Factors and levels of test
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Table 3 Design schemes and results of response surface test
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Table 4 Variance analysis results of failure load

S8 S5 A FI H ¥5 2% FE PAH T R?

P& 2] 1.485x10’ 9 1. 650x10° 64.91 <0. 0001 B3F 0. 9882

% 6.415x10° 1 6. 415x10° 252.44 <0. 0001 — —

%) 7.270%x10° 1 7.270x10° 286. 09 <0. 0001 — —

3 2.770x10° 1 2.770x10° 10. 90 0. 0131 — —

%1% 1. 427x10° 1 1.427x10° 56. 16 0. 0001 — —

%23 1.578x10° 1 1. 578x10° 6.21 0. 0415 — —

%)% 6.075x10° 1 6.075x10° 23.90 0.0018 — —

X 2.423x10° 1 2.423x10° 9.53 0.0176 — —

3 1. 192x10° 1 1.192x10° 46.90 0. 0002 — —

2 24603. 10 1 24603. 10 0.97 0. 3579 — —

AT 1. 447x10° 3 48221. 34 5.81 0. 0612 NTES —
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Table 5 Variance analysis results of energy absorption

e V-5 A Yo% F{E PE N R?
BER IR 192. 54 9 21.39 19.35 0. 0004 B 0.9614
x 77. 04 1 77.04 69. 70 <0. 0001 — —
%y 23.27 1 23.27 21.05 0. 0025 — —
X 66. 67 1 66. 67 60. 31 0. 0001 — —
X%, 6.71 1 6.71 6.07 0. 0433 — —
X%, %3 0.37 1 0.37 0.34 0. 5797 — —
Xy%5 0. 10 1 0.10 0.09 0.7727 — —
X 15.55 1 15.55 14.07 0.0072 — —
X3 19.22 1 19.22 17.39 0. 0042 — —
x5 2.45 1 2.45 2.22 0.1798 — —
JAUIE 5.56 3 1.85 3.41 0.1337 FNTES —
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Table 6 Comparison between verification test results and predicted values of model
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Fig. 3  Effects of single factor on mechanical properties of joint
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Fig. 4 Effect of interaction between upper and lower plate hardnesses on failure load

(a) 3D diagram of response surface

(b) Contour plot
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(a) 3D diagram of response surface
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