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dataset of single crystal at high temperature and low stress is established. Under the guidance of the principles of physical

metallurgy, three dimensional physical metallurgy information (volume fraction of 7y’ phase V;, lattice misfit §, diffusion co-

efficient D, ) are added to the original dataset as exira dimensions to guide the training process. Additionally, the correlation

analysis and importance evaluation of the original data features are made based on the Pearson correlation coefficient and the

mean accuracy decrease (MDA) value of a random forest model respectively. As a result, the dataset is basically consistent

with the physical metallurgy mechanism, and the three-dimensional physical metallurgy information is of great significance for

the creep life prediction. The creep life of the alloy is predicted on the dataset after data mining based on the machine learn-

ing method, and different machine learning models are evaluated according to the squared correlation coefficient (R*) , mean

absolute error (MAE) and the degree of overfitting. Finally, the optimal model is determined as support vector regression

(SVR) model. The relationship between the composition, process, physical metallurgical parameters and creep rupture life

of Ni-based single crystal superalloy under high temperature and low stress is successfully established, which can effectively

predict the creep life and is expected to serve the reverse design of the alloy.

Key words ; Ni-based single crystal superalloy; machine learning; creep life; high temperature and low stress
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Fig. 1 Deformation map for a single crystal superalloy illustrating the dependence on stress, temperature and strain rate
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Table 1 Basic information of the features in the creep dataset of Ni-based single crystal superalloy
Features Minimum Maximum Mean Standard deviation
Ni/wt% 52.1 717.05 63. 645 23 4.022 386
Cr/wt% 0 10 5.109 612 2.263 633
Mo/ wt% 0 9.57 1. 816 466 2.076 53
W/ wt% 0 9 4.528 276 2.478 987
Co/wt% 0 15 7.504 871 2.895 328
Re/wt% 0 7.5 3.588 621 1.747 433
Ru/wt% 0 9.6 0.483 448 1.422 568
Al/wt% 4 7 5.856 767 0.442 416
Ti/wt% 0 3.92 0. 458 836 0.743 134
Ta/wt% 3.9 12 6.814 267 1.381 653
Hf/wt% 0 0.51 0. 114 655 0.086 716
Inputs C/wt% 0 0.05 0.011 239 0.018 471
B/wt% 0 0.05 0.008 815 0.017 004
Nb/wt% 0 0.55 0.0525 0. 136 046
Y/ wt% 0 0.05 0. 006 393 0.010 118
tT/C 850 1180 1042.262 76.399 94
tS/MPa 70 500 200. 538 96. 568 81
St/h 2 24 9.676 724 8.500 191
lat/h 1.5 8 4.101 293 0.759 621
2at/h 0 32 18. 853 45 5.220 573
ST/°C 1255 1365 1315.707 21.590 68
1aT/C 1000 1200 1114.812 45.189 74
2aT/C 0 900 857.4373 119.9242
Creep life/h 1 3917 413. 6501 750. 8796
Outputs
In(life) 0 8.273 081 5.020 117 1.431 232
%2 BT Thermo-Cale ITESINKZHYIBAEER
Table 2 Three-dimensional physical metallurgical information based on Thermo-Calc calculation
Features Minimum Maximum Mean Standard deviation
Vi 0.218 62 0.780 83 0.532 466 0.112 432
Inputs 1l 1 -0.0051 0.007 611 0.001 933 0. 002 045
D, 4.85E-25 3.5E-10 4.02E-12 3.31E-11
2.3 #iEtiE BRI AR AR AN P 2 B, FE g Sr T B A HLSTA
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Fig. 2 The basic flow of establishing the optimal prediction model of creep life
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