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Prediction of Creep Rupture Life in Nickel-Base Superalloys
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The creep rupture life of nickel-base superalloys has been predicted using a neural network model within a
Bayesian framework. The rupture life was modelled as a function of some 42 variables, including temperature,
chemical composition: Cr, Co, C, Si, Mn, P, S, Mo, Cu, Ti, Al, B, N, Nb, Ta, Zr, Fe, W, V, Hf, Re, Mg, ThO,, La,
four steps of heat treatment (each has its own temperature, duration and cooling rate) , sample shape, solidification
method, yield strength, ultimate tensile strength and elongation. The Bayesian method puts error bars on the
predicted value of the rupture life and allows the significance of each individual factor to be estimated. The scale
of the error bars changes with the accuracy of the prediction: it is large when the prediction is uncertain, indicating

that the whole prediction system is reliable.
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Fig. 1 Neural network model used in this study.
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Table 1 Input variables for the prediction of creep rupture life.

Variable Range Mean l%zavrilgggi
Stress, a/MPa 2~1085 — e
log (a/MPa) 0.30~3.04 — —
Time, t/h 1.4~89830 3438.1 8530.3
log (t/h) 0.15~4.95 2.75 0.83
Temperature, "C 600~1205 841 126
Yield strength, MPa 12~1090 454 244
Ultimate tensile strength, MPa 20~1345 628 298
Elongation, % 1.0~185.0 24.2 26.2
Forging Oorl 0.561 0.497
ok D peat featment 0~1260 833.7  462.3
Duration, h 0~50 2.99 6.54
Cooling rate, ‘C/s 0~30 6.31 7.89
o e et (eatment 0~1100 5107  455.6
Duration, h 0~82 8.39 11.34
Cooling rate, ‘C/s 0~30 3.21 4.08
ool step heat fgeatment 0~850  269.7 3616
Duration, h 0~24 6.15 8.48
Cooling rate, ‘C/s 0~10 1.82 2.50
o, Step heat teatment 0~760 254  135.0
Duration, h 0~16 0.51 2.75
Cooling rate, °C/s 0~5 0.17 0.91
Sample shape Oorl 0.915 0.279
Solidification method Oorl 0.028 0.167
Content (mass%) C 0~0.35 0.094 0.056
Si 0~0.50 0.104 0.139
Mn 0~0.50 0.089 0.143
P 0~0.01 0.0014 0.0022
S 0~0.11 0.0042 0.0144
Cr 0~30.0 15.25 5.27
Mo 0~18.0 3.42 2.78
Cu 0~0.16 0.010 0.024
Co 0~28.9 8.12 8.92
Ti 0~5.00 1.81 1.35
Al 0~8.00 2.91 2.23
B 0~0.16 0.0095 0.0194
N 0~0.02 0.0020 0.0035
Nb 0~9.00 0.88 1.72
Zr 0~1.50 0.077 0.213
Fe 0~40.0 3.02 6.54
w 0~20.0 1.08 2.96
A% 0~1.00 0.015 0.120
Hf 0~1.50 0.012 0.118
Re 0~0.50 0.0045 0.0475
Mg 0~2.00 0.0003 0.0022
ThO, 0~0.02 0.078 0.388
La 0~1.00 0.0001 0.0017
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Fig. 2 Variation in error as a function of number of hidden
units in training dataset and test dataset.
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Fig. 4 Significance of individual factors on creep strength (logarithmic of creep rupture strength) of nickel-base superalloys.
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Fig. 5 Prediction of creep rupture strength (o) of MAR-
M200 at 900°C as a function of rupture time.
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Table 2 Al and Ti content in MAR-M200 and Nimonic 80 in
mass% .

Material Al Ti
MAR-M200 5 2.6
Nimonic 80 1.6 2
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