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Phase-field simulation of isothermal austenite-to-ferrite transformation
in Fe-C-Mn-Si quaternary alloy using neural network
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To develop steels with excellent mechanical properties, it is effective to numerically analyze the austenite-
to-ferrite transformation behavior in three dimensions and compare it with experimental results. In this
study, a multi-phase-field (MPF) model is used to simulate microstructural evolutions during an
isothermal austenite-to-ferrite transformation in a Fe-C-Mn-Si alloy. To reduce the calculation time for
the MPF simulation, a surrogate model to calculate thermodynamic data using Thermo-Calc software is
developed using a deep neural network (NN). In order to validate the developed technique, the calculation
time and accuracy of MPF simulation of austenite-to-ferrite transformation in a Fe-C-Mn-Si alloy using
the trained NN are compared to those obtained by the MPF simulation coupled with Thermo-Calc software
(MPF-TC). The results obtained in this study demonstrate that the MPF with the NN surrogate model
reproduces the result obtained using the MPF-TC. Furthermore, the trained NN enables us to accelerate
the MPF simulation approximately five times faster than the MPF-TC.
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Fig. 1 Schematic diagram of the neural network which

calculates the Gibbs free energy, g.
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Fig. 2 Learning curve of the neural network which calculates

the Gibbs free energy in « phase, g
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Fig. 3 Evolution of « phase during the isothermal austenite-to-
ferrite transformation at 830 °C in Fe-0.092-0.68Mn-0.8Si
[wt.%] alloy obtained from MPF simulation using (a) Thermo-
Calc (MPF-TC) and (b) trained neural network (MPF-NN).

=

2 7 [—MPF-TC

£ 40 [----MPF-NN

3

z 30

g

é 20

E 10

= 0

S 0 1 2 3 4 5

Time [s]

Fig. 4 Time variation of volume fraction of & phase during the
isothermal austenite-to-ferrite transformation obtained from
MPF-TC and MPF-NN.
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Fig. 5 Evolution of C molar fraction during the isothermal
austenite-to-ferrite transformation obtained from (a) MPF-TC
and (b) MPF-NN.
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Fig. 6 Distributions of C molar fraction at 0's, 2.5 s, and 5.0 s

during the isothermal austenite-to-ferrite transformation

obtained from MPF-TC and MPF-NN.
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Fig. 7 Evolution of Mn molar fraction during the isothermal
austenite-to-ferrite transformation obtained from (a) MPF-TC
and (b) MPF-NN.
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Fig. 8 Distributions of Mn molar fraction at 0's, 2.5 s,and 5.0 s

during the isothermal austenite-to-ferrite transformation

obtained from MPF-TC and MPF-NN.
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Fig. 9 Evolution of Si molar fraction during the isothermal
austenite-to-ferrite transformation obtained from (a) MPF-TC
and (b) MPF-NN.
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Fig. 10 Distributions of Si molar fraction at 0 s, 2.5 s, and 5.0 s

during the isothermal austenite-to-ferrite transformation

obtained from MPF-TC and MPF-NN.
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