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Table 1  Chemical composition of 25CrMo axle steel (ω/%) 

C Si Mn P S Cr Cu Ni Mo Fe 

0.27 0.39 0.72 0.0075 0.0013 1.11 0.01 0.25 0.25 Balance 
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Fig.1  Shape and size of high-cycle specimen 
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Fig.2  Shape and size of very high-cycle specimen 
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Table 2  Statistics of fatigue test samples 

Sample type UP1 CSP SMSP1 DSP UP2 SMSP2 CMSP Total 

Number 8 7 7 7 5 4 4 42 
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Fig.3  Structure of BP neural network of the fatigue property 
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Fig.4  Structure of BP neural network of the compressive residual 

stress relaxation process 
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Fig.5  Training set results of BP neural network 
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Fig.6  Testing set results of BP neural network 
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Fig.7  Training set results of GA-BP neural network 
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Fig.8  Testing set results of GA-BP neural network 
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Fig.9  Training set results of RBF neural network 
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Fig.10  Testing set results of RBF neural network 
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Fig.11  Testing results of three kinds of neural networks 

 

 

 

 

 

 

 

 

 

 

 

. 12  ���� !12�ABCDEFGH 

Fig.12  Influence proportion of the input variables of fatigue life 

prediction model 
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. 13  �������!;93: 

Fig.13  Test set predicted results of residual stress relaxation 

 

 

 

 

 

 

 

 

 

 

 

. 14  IJKL 

Fig.14  Relative error 

 

 

 

 

 

 

 

 

 

 

 

. 15  CSP  !3: 

Fig.15  Results of CSP 
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. 16  SMSP1 !3: 

Fig.16  Results of SMSP1 

 

 

 

 

 

 

 

 

 

 

 

. 17  DSP !3: 

Fig.17  Results of DSP 

 

 

 

 

 

 

 

 

 

 

 

. 18  SMSP2 !3: 

Fig.18  Results of SMSP2 
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 19  CMSP���� 

Fig.19  Result of CMSP 
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Prediction of Fatigue Life and Residual Stress Relaxation Behavior 

of Shot-Peened 25CrMo Axle Steel Based on Neural Network 

 

Su Kaixin, Zhang Jiwang, Li Hang, Zhang Jinxin, Zhu Shoudong, Yi Kejian 

(State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China) 

 

Abstract: Firstly, a fatigue life prediction model of shot-peened 25CrMo axle steel was established using BP neural network. Then, the 

genetic algorithm (GA) was used to optimize the prediction accuracy of BP neural network. In addition, radial basis function neural 

network (RBF) was used for modeling and analysis, and it was compared with the prediction results of the above two models. The results 

show that GA-BP has higher prediction accuracy than BP and RBF neural network, and the average prediction accuracy of training set and 

test set are 91.5% and 85.4%, respectively. Then, the sensitivity analysis was carried out based on the connection weight matrix of GA-BP 

neural network model and Garson equation, so as to further quantify the relative influence proportion of the input influencing factors on the 

fatigue life of shot-peened 25CrMo axle steel. Finally, GA-BP neural network was used to predict the relaxation behavior of compressive 

residual stress on the surface of shot-peened 25CrMo axle steel. The results show that the average prediction error of the test set is only 

3.4%, indicating that the network prediction performance is good. In conclusion, the neural network modeling used to analyze the fatigue 

performance and compressive residual stress relaxation behavior of shot-peened 25CrMo axle steel, significantly reduces the cost of 

traditional fatigue test and ensures the high accuracy. 

Key words: shot peening; neural network; genetic algorithm; fatigue life prediction; residual stress relaxation 
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