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Synopsis

Controlling the microstructure of Ni-based superalloys is essential for achieving superior mechanical properties at high

temperatures. In radial forging processes, it is necessary to optimize microstructural characteristics, such as grain size
and precipitated phases while reducing manufacturing costs. Computed analysis by finite element method is used to design
such processes. However, these simulations for radial forging are complex and entail high computational costs. To reduce

computational costs and enable trials over a wider range of process conditions, a surrogate-model-based approach was

investigated. In this study, a machine-learning-based surrogate model was developed to predict temperature, strain, and grain

size in the radial forging process of Alloy718. The developed model was applied iteratively to simulate the entire forging process.
The predictions obtained from the surrogate model showed good agreement with those from the finite element simulations.
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Fig. 1. FEM model of radial forging and position of output
parameters: OR, 0.5R, 1R.
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Fig. 2. Frequency distribution of FEM data sets:
(a) temperature, (b) strain, (c) grain size.
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Fig. 3. Flow chart for calculation of the entire forging
process using a surrogate model.

Table 1. Train and test R2 score for each model.

Train R2 score (Test R2 score)
m;gg%n SVR Random GBDT XGBoost | LightGBM
OR | 0.99(0.96) | 0.99(0.88) | 0.99(0.96) | 1.00(0.97) | 1.00(0.97) | 0.94(0.91)
Temperature | 0.5R | 0.98 (0.94) | 0.99 (0.86) | 0.99 (0.93) | 1.00(0.93) | 1.00 (0.95) | 0.95 (0.84)
1R | 0.98(0.89) | 0.99 (0.72) | 0.99(0.92) | 1.00(0.91) | 0.99(0.89) | 0.96 (0.82)
OR | 0.98(0.98) | 0.99(0.95) | 0.99 (0.94) | 0.99(0.98) | 0.99 (0.97) | 0.96 (0.92)
Strain 05R | 0.97(0.90) | 0.99 (0.81) | 0.98(0.86) | 0.99(0.86) | 0.99 (0.85) | 0.93 (0.87)
1R | 0.98(0.94) | 0.99 (0.90) | 0.99(0.93) | 1.00(0.92) | 0.99(0.93) | 0.94 (0.88)
OR | 0.86(0.77) | 0.97(0.72) | 0.96(0.83) | 0.99(0.83) | 0.97 (0.78) | 0.88 (0.81)
Grainsize | 05R | 0.92(0.81) | 0.97(0.79) | 0.98(0.88) | 0.99(0.90) | 0.97 (0.90) | 0.92(0.86)
1R | 0.81(0.73) | 0.97(0.75) | 0.94(0.81) | 0.98(0.82) | 0.96(0.71) | 0.86 (0.75)
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Fig. 4. Regression scatter plots: (a) temperature, (b) strain, (c) grain size.
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Fig. 5. SHAP analysis for grain size: (a) OR, (b) 0.5R, (c) 1R
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