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Abstract: To efficiently predict the forming quality of self-piercing riveted joints, a finite element
model of self-piercing riveting for AA5754 aluminum alloys was established, and the effectiveness of the
simulation model was verified through experiments. Based on the simulation analysis, 176 sets of effective
cross-sectional data of the joints were obtained. By integrating the sparrow search algorithm and the butter-
fly algorithm. a composite optimization algorithm was constructed. The algorithm’s convergence speed and
solution quality were improved by employing population initialization and lens reverse learning strategies.
Multidirectional learning and Levy flight strategies were introduced to enhance the algorithm’s ability to es-
cape local optima, thereby improving the global search capabilities. Research indicates that the prediction
results of the established model have a MAPE of less than 10% , a correlation coefficient R* higher than
0.99, and a mean square error MSE consistently less than 0.001. Therefore, the proposed improved
model has high predictive accuracy and robustness.

Key words: self-piercing riveting; neural network; optimization algorithm; forming quality predic-
tion; simulation
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Fig.1 Flowchart for determining failure parameters of AA5754 aluminum alloy
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Tab.1 Average stress triaxiality, mean lode angle
parameters, fracture strain, and instability strain of
AAS5754 aluminum alloy
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Fig.3 Finite element model of self-piercing riveting
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Tab.4 Mechanical property parameters of AA5754

aluminum alloy and rivets

s ER S | FEIB A
* ParEAll AR aiy
A A B e W2 Ry AR | R R R AR
(53] A 3 0.460 50 1.00 0.670 00 | 0.1360
B 12 mm
e 0.676 93 0.97 0.548 64 | 0.1033
i[5 8 112 ’
B4 mm
N 0.906 10 1.00 0.49168 | 0.0720
1[5 s i A
17 2.4 mm
o 0.732 70 0.03 0.226 60 | 0.0260
1) AR A
sk 0.084 70 0.02 0.38520 | 0.0503
B RS | _
SPE R3HT5 0.695 90 1.00 2.007 40 | 1.3457
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Tab.2 Failure parameters of material model

W/ | ERR /| | JE IR/ | BB S/
B gem | Gpa | TN MPa
WET 7800 210 0.3 885.6 1170.6
AA5754| 2700 70 0.3 162.1 244.1

Bk & I 4 LES{H

AAS754 0.05 166 1.004 0.0383

B2 AAS7T54$R & & BRI E
Fig.2 Failure surface of AA5754 aluminum alloy
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Tab.3 Self-piercing riveting parameters of the three

groups of joints

- ERUSEE/ | TR/ | IR EE/ | wskfiRs/
mm mm mm mm
J-1 2.0 2.0 5.0 5.1
J-2 2.0 2.5 5.5 5.6
J-3 2.5 2.0 6.0 6.1
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Fig.4 Evaluation indicators for the forming quality of

self-piercing riveted joint
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Fig.5 Comparison of joint forming sections obtained by

experiments and simulations
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Tab.5 Prediction errors of cross-section geometric parameters of the joints

. ET I 3K I B2 BRAR R IR GRS 4

A /mm | PFEAE/mm | $R25/% | SEAH/mm | EE/mm | $222/% | SIAH/mm | fFEE/mm | R/ %
J-1 0.448 0.401 10.49 0.690 0.631 8.55 1.483 1.552 4.65
J-2 0.491 0.473 3.67 0.755 0.714 5.43 1.962 1.891 3.62
J-3 0.359 0.371 3.34 0.344 0.364 5.81 1.563 1.661 6.27
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Fig.6 Schematic diagram of five input

process parameters
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Tab.6 Design of full factorial process parameters for

five factors at three levels

% i AT
1 2 3
L ARJEEZ /mm 1.5~2.5 1.5 2.0 2.5
T HRJEEZ /mm 1.5~2.5 1.5 2.0 2.5
BIET K /mm 5.0~6.0 5.0 5.5 6.0
A /mm 0.0~1.8 0.0 1.0 1.8
A ER JE /mm 1.8~2.2 1.8 2.0 2.2
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Fig.7 Structure diagram of a BP neural network
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Fig.8 RMSE of model validation sets with varying
numbers of neurons in hidden layers
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Fig.10 Flowchart of MIC_SSA optimized neural network prediction model
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Tab.7 Computational data for error evaluation metrics

of prediction results from various models
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Fig.14 Error evaluation metrics for the prediction

results of each model
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