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Table 1 Chemical composition of GH4738 superalloy (wt%o)

Cr Al Ti Fe Co C Mo Ni

18.7 131 298 004 134 0.05 472 Bal.
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Fig.1 Cogging finite element models of GH4738 superalloy:

(a) upsetting and (b) cogging
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Fig.2 Logic diagram of secondary development for finite element simulation of the thermal deformation process of GH4738 superalloy (7,,,: critical

temperature of dynamic recrystallization; & critical strain; X, : fraction of dynamic recrystallization; X_, : fraction of meta-dynamic

recrystallization; X : fraction of total recrystallization)
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Fig.3 Actual billet structures of GH4738 superalloy and the comparison with the simulation
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Fig.4 Effect of upsetting speed on average grain size of the billet (a); effect of upsetting speed on dynamic recrystallization in the billet (b); effect

of upsetting speed on deformation load (c)
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Fig.5 Effect of deformation temperature on average grain size of the billet (a); effect of deformation temperature on dynamic recrystallization in

the billet (b); effect of deformation temperature on deformation load (c)
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Fig.6 Effect of upsetting amount on average grain size of the

billet (a); effect of
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Fig.7 Effect of upsetting speed on average grain size of the billet (a);
effect of upsetting speed on dynamic recrystallization in the
billet (b); variations of dynamic recrystallization fraction at P1
and P2 points with different upsetting speeds (c)
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Fig.8 Effects of upsetting speed on cogging time and final forging
surface temperature of the billet
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Fig.9 Effect of deformation temperature on average grain size of the
billet (a); effect of deformation temperature on dynamic
recrystallization in the billet (b); variations of dynamic
recrystallization fraction at P3 and P4 points at different
deformation temperatures (c)
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Fig.10 Effect of feed amount on average grain size of the billet (a);
effect of feed amount on dynamic recrystallization in the
billet (b)
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G A0 ERRE P R IR AR R I8 7R B R AR A I ] R
BRI B, 7 bR KRR R AR R TR K
K 3 i A2 60~90 mm/s A, B 2 IR K K FE 4% I AE
1120~1130 C 2 [] , i3k 45 &t 3k % 200~350 mm i [H A
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Research Methods and Design Basis for Cogging Process of Large-Scale
GHA4738 Superalloy

Sun Panhe, Zhang Hengnian, Zhang Shaohui, Li Xin, Jiang He, Yao Zhihao, Dong Jianxin
(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The distribution and evolution of the internal grain structure of large-scale GH4738 alloy during the complex continuous deformation
cogging process, based on the process sequentiality and organizational heredity, were investigated by employing a finite element model combined
with secondary development methods, providing a general approach for process design and outcome prediction. Finite element simulation
calculations were conducted based on the actual billet preparation process of GH4738 superalloy with @660 mm grade, comparing the simulation
results with the grain size at corresponding positions of the actual billets to verify the reliability and accuracy of the established model. Utilizing
this model, typical upsetting and cogging processes were analyzed, and the effects of process parameters on the microstructural evolution of the
billet during multiple deformation passes were discussed, along with methods for process formulation. Results show that during the upsetting
process, as the upsetting speed increases, the deformation temperature decreases, the reduction amount decreases, and the degree of dynamic
recrystallization within the billet decreases. In the cogging process, as the upsetting speed decreases, the cogging temperature increases, the feed
amount decreases, and the degree of dynamic recrystallization within the billet increases. Furthermore, based on the specific analysis, it is
recommended to control the upsetting speed during the upsetting process between 5 and 12 mm/s; the initial upsetting temperature should be
1160 °C; the single-pass reduction amount should be controlled between 25% and 35%. The cogging process is more complex than the upsetting
process. Taking into account the factors such as grain refinement within the billet, surface temperature drop during the cogging process, and the
occurrence of the “concave center” phenomenon, the upsetting speed is controlled between 60 and 90 mm/s; the second cogging temperature is
chosen between 1120 and 1130 °C; the feed amount is controlled between 200 and 350 mm.

Key words: GH4738 superalloy; cogging process; finite element model
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