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Assessment of Grain Size Distribution in a Hammer-Forged
Alloy 718 Disk

Jong Taek Yum and Nho Kwang Park

Abstract

Hammer forging was employed for Alloy 718 disk. The change in grain size during hot forging
depends very much on dynamic recrystallization. The final grain size depends especially on the critical
strain(e,) for dynamic recrystallization and Zener - Holloman parameter(Z). In this study, the critical
strain(e.), the strain for 50 pct. recrystallization(¢, ) and fraction of dynamic recrystallization (Xdyn)
were measured by compression tests. FE simulation was also carried out to predict the evolution of
microstructure. The strain, strain rate and temperature distribution predicted by forging simulation
can be effectively used to predict the distribution of grain sizes in the forged workpiece. The present
mode] predictions showed an excellent agreement with the microstructural evolution of hammer-forged
Alloy 718 disks.
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Table 1 Chemical composition of Alloy 718(wt. %)
C S Mn ‘ Si j Cr ‘ Mo ( Co / Ti J Al ' ] Fe
0.027 | 0.0005 0.06 / 0.05 18.03 2.87 0.34 ' 0.96 ‘ 0.47 r 0.04 ) 17.81
Cu Ni F ’ Nb+Ta | others
0.05 | Bal. | 0.004 | 538 -
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Fig. 2 Plots of compressive true stress and true strain
of Alloy 718
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Fig. 4 Predicted strain distributions by FEM
simulation for first forging
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Fig. 5 Experimental and simulated material flow in
a finish-forged Alloy 718 Disk
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Fig. 6 Predicted strain (a) and temperature distributions
(unit: X 10° °F) (b) for final forged Alloy 718 disk
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Fig. 7 Microstructures observed at different locations of forged Alloy 718 disk and distorted
FEM mesh at the final forging
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Fig. 8 Variation of effective strain and temperature at
different locations during final forging
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Fig. 9 Variation of grain size with time at different
locations during hammer forging
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Fig. 10 Grain size distribution for hammer forging
obtained from (a) experiment and (b) model
prediction
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