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Microstructure Prediction and Validation of GH4169 Superalloy Rings for
Complete Forming Process
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(1. University of Science and Technology Beijing, Beijing 100083, China;
2. Guizhou Aviation Technical Development Co., Ltd., Guiyang 550081, China)

[ABSTRACT] To elucidate the macroscopic deformation rules of the entire forming process of superalloy rectangular
ring components and the mechanism by which initial conditions regulate the microstructure during ring rolling deformation,
taking GH4169 high-temperature alloy as an example, a modified ring-rolling microstructure evolution model was
employed to establish a full-process thermo-mechanically coupled finite element model using Simufact software. The
evolution of strain and temperature fields during billet preparation and subsequent ring rolling was systematically
investigated, with particular emphasis on the effects of initial microstructure of the billet and billet temperature on the
final microstructure. The results indicate that the strain distribution evolves from a state of low surface strain and high core
strain after billet preparation, with maxima at the connecting skin and fracture zones, to a post-rolling pattern characterized
by strain concentration at the surface and fillets and reduced strain in the core. The temperature field consistently exhibits
a gradient decreasing from the core to the surface. Microstructural simulations show that the initial microstructure grain
size number of the billet is G=2.5 (ASTM E112) and an initial temperature of 1000 °C result in a uniform and refined final
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microstructure. Metallographic analysis of actual ring components confirms trends consistent with simulation predictions.

These findings demonstrate that the proposed model can effectively predict macroscopic deformation and microscopic

evolution, and that appropriate control of initial microstructure of billet and heating temperature enables grain refinement

and microstructural homogenization, providing theoretical guidance for process optimization of superalloy ring forming.

Keywords: Superalloy; Ring rolling; Thermal deformation; Microstructure; Finite element simulation
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Fig.1 Finite element model of the complete rectangular

ring rolling process
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Table 1 Main parameters of the billet preparation simulation
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Fig.2 Schematic diagram of tracking positions after ring preform
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Fig.3 Equivalent plastic strain distribution of ring forming
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Fig.6 Temperature variation curve of ring forming tracking position
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Fig.8 Finite element simulation results of ring microstructure
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Fig.10 Variation curves of simulation results at different positions of the ring cross-section under different initial microstructure states of the billet
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Fig.11 Variation curves of simulated results at different positions of
the ring cross-section under different initial heating temperatures
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Table 3 Results of ¢, &, &/¢, at position 6
. ! |

M /C € £, ele,
970 2.53390 0.01481 171.02396
980 2.57000 0.01464 175.54342
990 2.33610 0.01256 185.95045
1000 2.25640 0.01293 174.49781
1010 2.08316 0.01063 195.96051
1020 2.14167 0.009452 226.61923
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(c) 3 5 (d) 4500
(e) 55N (f) 6 5
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Fig.12 Grain microstructure at different positions of the
ring cross-section
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Table 4 Recrystallized volume fraction and average grain size at
different positions

(VAs T ST 1% | SRR ST /um
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4% 78.96 11.49
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Fig.14 Comparison of simulated and experimental average grain
sizes at different positions of the ring cross-section
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Table 5 Average grain size at different positions nder different

mesh element sizes

Rfmm| g | 28 | 38 | 48 | 58 | 6%

10.00 9.0032 | 11.6810 | 7.2156 | 9.7133 | 11.5607 | 10.0652
16.10 9.8255 | 11.6176 | 9.1654 | 9.8452 | 13.4512 | 10.8215
20.00 9.1230 | 11.0906 & 5.8668 | 9.2017 | 11.1793 | 10.5259

R (H 9.97 13.50 | 1235 | 11.49 | 17.95 16.63

F6 AEEZRRBTAEMULEFHRHRT
Table 6 Average grain size at six positions under different

friction coefficients

- A RIE

R | 1 | 28 | 38 | 48 | 58 | 6%
0.2 9.6278 | 11.8433 | 7.0796 | 9.7462 | 11.4518 | 10.8049
0.3 9.8255 | 11.6176 | 9.1654 | 9.8452 | 13.4512 | 10.8215

0.4 7.7086 | 10.3200 | 7.3767 | 8.9008 | 10.3630 & 9.2963

IR 9.85 13.50 12.35 11.49 17.95 16.63
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