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Abstract

Fatigue fracture of steel is one of the most common disasters in industry. In order to effectively pre-
dict steel fatigue, a prediction model based on Multilayer Belief Rule Base (MBRB) was proposed.
Firstly, principal component analysis was used to screen the key features. Secondly, the projection
covariance matrix adaptive evolution strategy with interpretability constraints (P-CMA-ES) was
used to optimize the parameters of the model to improve the accuracy of the model. Finally, the
steel fatigue dataset of MatNavi of the National Institute of Materials Science (NIMS) of United States
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is used as an example to predict the effectiveness of the model, and the multi-layer BRB solves the
problem of the explosion of traditional BRB combination rules. Compared with other methods, the
model has higher accuracy and transparent inference process.
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Figure 1. Structural diagram of the multi-layer BRB model
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Table 1. Sub rule library reference values

#1. FANESEE

S L1 L2 L3 L4 L5 L6 L7
X1 0 0.009 0.081 0.099 0.22 0.77 1
SubBrb;
X2 0 0.14 0.4 0.62 0.68 0.92 1
y 0 0.63 0.66 0.69 0.72 0.91 1
SubBrbz
z 0 0.27 0.53 0.66 0.8 0.9 1
Table 2. Main rule library reference values
F2. EHNESEE
S 1, L2 L3 L4 L5 L6 L7
a 0.41 0.63 0.67 0.69 0.75 1
MainBrb
a 0.27 0.53 0.66 0.71 0.73 1
Table 3. Comparison between MBRB and other models
7 3. MBRB S5 H MR AL ]
No. Method RMSE
1 MBRB-¢ 0.0435
2 KStar 0.0857
3 SVM 0.0580
4 ANN 0.0470
5 REPTree 0.0542
6 LinearRegression 0.0581
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Figure 2. The fitting degree of the predicted values of MBRB to the true values
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