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Research on Prediction Model of Creep Life of Nickel-based Single
Crystal Superalloys Based on Machine Learning
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Abstract; Building the suitable creep life prediction model of nickel-based single crystal superal-
loys is of great significance for the design, strength analysis, and life prediction of aircraft engine
blades in China. In this paper, four machine learning algorithms are used, including polynomial re-
gression , nearest neighbor regression, support vector machine regression and decision tree regres-
sion. The relationship models between the creep life of nickel-based single crystal superallays and
the alloy composition , microstructure and creep process parameters are established , which provide a
new method for the control of creep properties of nickel-based single-crystal superalloys. Based on
the creep life prediction model,the effects of algorithm selection and feature selection on the com-
prehensive performance of the model are systematically compared. The results show that the SVR
regression model has the best prediction,and the four features with relatively high correlations are in
order as follows:vy’solution temperature,Ta, W, and Re. The research results can provide a refer-
ence for the prediction method of nickel-based single crystal superalloys with more effective creep

properties.
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Table 1 Descriptors corresponding to the feature labels

Gy FHERRAE AL Gy AR S HRAF
1 Ni 1450t 5340 % Ni 13 Nb {5350 % Nb
2 Re 15T 53 %50/ % Re 14 Hf 15115350 % Hf
3 Co BTt 5350/ % Co 15 v/ B 8/ % LM
4 AL W R L5358/ % Al 16 AR HAE g (%) /(m*+s7") EDC
5 Ti MB350 % Ti 17 v TG % Vy
6 W B8 % w 18 v %R C T,
7 Mo 5t i 53 40/ % Mo 19 RAAWEAEE/ (mI-m~?) APDB
8 Cr MB350 % Cr 20 BIYIRH/ GPa SM
9 Ta 5 ik 534 % Ta 21 ZHiAE/(ml-m™?) SFE
10 C 15Tt 7340/ % 22 y F A4 8 56/ nm D,
11 B w50 % 23 B A 2/ C Test. T
12 Y HJT AR % 24 I A MR 1/ MPa Test. §
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Table 2 Statistical analysis of creep life data descriptors for nickel-based single crystal superalloys

HRAF FHE FrifE2E Fo/ME 25% ML 50% SHBisk T5% S hisk HKRME
Ni/% 63. 42 3.42 52.71 60. 99 63.73 65.70 77.26
Re/% 2.85 2.24 0. 00 0. 00 3.00 4.50 7. 60
Co/% 6.76 3.51 0. 00 4.50 7.50 9.83 16. 86
A% 5.37 0.82 1.05 5.07 5.50 5. 80 7.50
Ti/ % 1.04 1.37 0. 00 0. 00 0. 60 1.50 9.00
W/ % 5.72 2.65 0. 00 4.00 5.50 6.79 18. 60
Mo/ % 1.03 1.10 0. 00 0. 00 0. 83 1.50 10. 50
Ct/% 6.78 3. 12 0. 00 5.00 7.00 8. 00 20. 50
Ta/% 6.55 2.78 0. 00 5.00 7.00 8.51 13.94
C/% 0.01 0.02 0. 00 0. 00 0. 00 0. 00 0. 10
B/% 0. 00 0.01 0. 00 0. 00 0. 00 0. 00 0.05
Y/ % 0.08 0.45 0. 00 0. 00 0. 00 0. 00 5. 40
A
Nb/% 0.22 0. 44 0. 00 0. 00 0. 00 0.30 2.59
Hf/ % 0. 15 0. 30 0. 00 0. 00 0. 10 0.15 2.00
LM/ % 0.12 0.20 -0.38 -0.03 0. 09 0.23 0.74
EDC/(m?-s") 19.30 1.26 15.89 18.27 19.35 20. 16 22.06
V., /% 66.31 8.85 16. 45 63.57 67.29 70. 68 95. 89
T,/C 1267. 67 37.09 1121.45 1 248.31 1 269. 46 1 296. 10 1333.92
APDB/(mJ-m~2) 211.91 4.78 204. 04 209. 10 211.02 213.13 230. 08
SM/GPa 59. 06 1.99 53.43 57.39 59.37 60. 54 63. 64
SFE/(mJ-m~2) 34. 85 9.33 17.07 28.34 32. 89 39. 85 71.56
D,/nm 34.37 47.04 1.75 19. 45 23.73 30. 69 437.56
Test. T/C 1028. 14 70. 13 927.00 982. 00 991. 50 1 093. 00 1 200. 00
Test. S/MPa 184.35 72. 44 70. 00 135.25 163.50 248.20 345.00
i i1 AR F54i/h 2.35 0.54 1.48 1.91 2.28 2.69 4.18
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Fig.1 The establishing process of the optimal prediction model
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Fig.2 Ten-fold cross validation diagram
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Fig.4 Comparisons between actual and predicted values of creep life calculated by four optimal regression models
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Fig.5 Evaluation indicators of four prediction models
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Table 3 Parameters of four optimal regression models

HI/EEER7S PR PR B B 24
PR degree =18
KNN n_neighbors =4
SVR(RBF) kernel = rbf, C =3. 42 ,epsilon =0. 1
DT max_depth =7 ,min_samples_leaf =1,
min_samples_split =2
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