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Abstract: Focusing on the forging process of an aeroengine GH4169 alloy disc component and addressing the challenges
associated with controlling grain size and uniformity, a simulation study was conducted on grain size evolution throughout
the entire forging process. First, a strain-compensated Arrhenius constitutive model for describing the macroscopic flow
stress and a dynamic recrystallization and grain growth model considering the influence of the & phase were established.
Second, considering the inheritance relationship of geometric and grain size data throughout the multistage forging process,
a macromicro coupled finite element model was developed to comprehensively predict deformation and grain size
evolution. Finally, the simulations reveal the grain size distribution and evolution throughout the entire process
(upsetting-heating-preforging-heating-final forging). Upsetting and preforging achieve initial refinement of the original
microstructure through localized, nonuniform large deformation but result in an uneven grain size distribution. Intermediate
heating processes, utilizing the difference in growth rates between large and small grains, promote grain size
homogenization. During the final forging stage, under low-speed, near-isothermal conditions, sufficient dynamic
recrystallization is induced in the vast majority of the component, ultimately achieving significant overall grain refinement
to an average grain size of ASTM 9.0~9.5. Only localized small deformation zones in contact with the die retain coarser
grains of approximately ASTM 7.5.
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Fig.1 Comparison between the predicted and experimental stresses under different deformation conditions: (a) 0.01 s (b) 0.1 s™
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Fig.2 Comparison between the predicted and experimental microstructures under different temperatures: (a) dynamic recrystallization;
(b) static grain growth
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Fig.3 Key stages during the entire forging process of the GH4169 alloy disc component
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Fig.5 Simulation results of the upsetting process: (a) equivalent plastic strain distribution; (b) temperature distribution;
(c) recrystallization fraction distribution; (d) grain size distribution
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Fig.6 Simulation results of the first heating process: (a) grain size distribution before heating; (b) grain size distribution after heating
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Fig.7 Grain size evolution of characteristic points A and B on
the billet during the first heating process
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Fig.8 Simulation results of the preforging process: (a) equivalent plastic strain distribution; (b) temperature distribution;
(c) recrystallization fraction distribution; (d) grain size distribution
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Fig.9 Simulation results of the second heating process: (a) grain size distribution before heating; (b) grain size distribution after heating
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Fig.10 Grain size evolution of characteristic points A, B, and C
during the second heating process
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Fig.11 Simulation results of the final forging process: (a) equivalent plastic strain distribution; (b) temperature distribution;
(c) recrystallization fraction distribution; (d) grain size distribution
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