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Strength Prediction of Laminates Containing Embedded Fiber Wrinkles
Using BP Neural Networks

HUO Guanliang, NING Zhihua

(School of Mechanics and Construction Engineering, Jinan University, Guangzhou, 510632, China)

Abstract: Taking advantages of the BP neural network in nonlinear mapping and generalization capabilities for
multi-parameter problems, the BP neural networks with three hidden layers were constructed to predict the
compressive strength of laminates containing embedded fiber wrinkles. The compressive failure was
numerically simulated based on a three-dimensional damage model with the LaRC criterion. The numerical
results were used as data samples for the networks training. An algorithm based on the golden section method
was proposed to quickly determine the range of the neurons number in the hidden layer of the BP neural
networks. Then the best number of the neurons was finally determined by comparing the prediction results
and the assessment indicators of different cases. The results show that, the error of the strengths of the
laminates with the maximum wrinkle angles of 5.6°, 9.9° and 11.4° predicted by the developed BP neural
networks are 3.4%, 4.6%, and —0.01%, respectively. The approach developed in the present work to
predict the strength of composite materials based on the BP neural networks provides an effective way for the
strength evaluation of composite materials in application.
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E,./MPa E.,/MPa E..,/MPa G,/MPa G/ MPa G.;/MPa
161 000 11 380 11 380 5170 5170 3 980
X,;/MPa X./MPa Y./MPa Y./MPa S,/MPa 0/(%)
2 560 1590 73 250 113 1.5
s s o Gy/(Nemm ) Gye/(Nemm™ 1) G/ (Nemm ™)
0.32 0.32 0.43 0.26 1.002 80
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Table 2 IM7/8552 properties for cohesive element”'
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Table 3 Compressive strength from numerical simulation
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o™ /MPa of™/MPa Y a
mm ') mm ')

10° 10° 60 90 0.26 1.002 1

P15 R824 A B AT BROT A% (B - mm)

Fig.1 FE mesh of laminate with wrinkles(unit:mm)
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Table 4 Performance statistics of different number of

neurons

Neurons MAE/MPa RMSE/MPa R’
8 1.74 5.17 0.885
10 1.69 4.55 0.897
12 1.08 2.20 0.926
15 0.43 1.98 0.884
18 18.72 54.36 0.428
30 5.36 11.34 0.755
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