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Abstract: Artificial neural networks (ANN) and radial basis function networks (RBF) were employed
to model and predict the fatigue life of natural rubber samples. Sensitivity analysis was conducted to
quantitatively evaluate the influence of environmental temperature, rubber hardness, and peak strain
on fatigue life. Under the experimental conditions (environmental temperature: 25, 50, 70 °C; rubber
hardness: N40, N50; peak strain: 0.4—1.3), the fatigue life of the samples varied from 9984 to 604247
cycles. By optimizing the number of neurons in the hidden layers, we found that the ANN model with
a 3-25-10-1 structure and the RBF model with a 3-47-1 structure yielded the lowest mean squared error
(MSE) in fatigue life prediction, with values of 0.0383 and 0.0045, respectively. The RBF model exhibited
higher prediction accuracy, with the correlation coefficient (R) between predicted and measured fatigue
life exceeding 0.9700 and reaching a maximum of 0.9847—superior to the ANN model (R=0.9511).
Among the three factors, peak strain exerted the most significant influence on fatigue life (contribution:
62.14%), followed by environmental temperature (31.57%), whereas rubber hardness had the least
impact (6.29%).
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Figure 1 Structure diagram of artificial neural network
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Table 1 Experimental results of rubber sample fatigue

testing under different conditions

R m(%é“”)ﬁ (ffi) 72 %ﬁ:
1 25 40 1.3 21344
2 25 40 1.2 54156
3 25 40 1.0 85247
4 25 40 0.8 115789
5 25 40 0.6 152456
6 25 40 0.4 201423
7 25 50 1.3 185423
8 25 50 1.1 202478
9 25 50 1.0 245874
10 25 50 0.9 397851
11 25 50 0.6 456782
12 25 50 0.4 604247
13 50 40 1.1 13456
14 50 40 1.0 35478
15 50 40 0.8 74514
16 50 40 0.7 102121
17 50 40 0.5 142368
18 50 40 0.4 162547
19 50 50 1.0 235412

20 50 50 0.9 241454
21 50 50 0.8 304657
22 50 50 0.7 356478
23 50 50 0.6 472145
24 50 50 0.4 524575
25 70 40 1.1 9984

26 70 40 1.0 12454
27 70 40 0.8 32145
28 70 40 0.7 64574
29 70 40 0.6 94578
30 70 40 0.5 142124
31 70 50 1.2 195624
32 70 50 1.0 232145
33 70 50 0.8 314524
34 70 50 0.6 375479
35 70 50 0.5 401123
36 70 50 0.4 453654
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Figure 2 The curves between fatigue life and peak strain of natural rubber with different hardness at different environmental

temperatures: (a) 25 °C, (b) 50 °C, (c) 70 °C
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Figure 4 The performance curves of ANN model: (a) training, (b) verification, (c) testing, (d) all
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Figure 6 The performance curves of RBF model: (a) training, (b) verification, (c) testing, (d) all
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networks in predicting the fatigue life of samples
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