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Abstract

The nickel-based alloy Nimonic 80A possesses the excellent strength, and the resistance against corrosion, creep and
oxidation at high temperature. Its products are used in aerospace engineering, marine engineering and power generation,
etc. Control of forging parameters such as strain, strain rate, temperature and holding time is important because change of
the microstructure in hot working affects the mechanical properties. Change of the microstructure evolves by recovery,
recrystallization and grain growth phenomena. The dynamic recrystallization evolution has been studied in the
temperature range of 950~1250°C and strain rate range of 0.05~5 s using hot compression tests. The metadynamic
recrystallization and grain growth evolution has been studied in the temperature range of 950~1250C and strain rate
range 0.05, 5 57!, holding time range of 5, 10, 100, 600 sec using hot compression tests. Modeling equations are proposed
to represent the flow curve, recrystallized grain size, recrystallized fraction and grain growth phenomena by various tests.
Parameters in modeling equations are expressed as a function of the Zener-Hollomon parameter. The modeling equation
for grain growth is expressed as a function of the initial grain size and holding time. The modeling equations developed
were combined with thermo-viscoplastic finite element modeling to predict the microstructure change evolution during
hot forging process. The grain size predicted from FE simulation results is compared with results obtained in field product
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Table 1 Chemical composition of Nimonic 80A
Element | Cr | Fe | Ti | Al | Ni o =0,[1-exp(-ce)]”
Composition | 1o ¢ | 575 | 259 | 157 | bal - (0, ~o)1-exp(-k(C—2)")] @)
(wt. %) &,
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Fig. 2 The relationship between experimental and
predicted high temperature flow curves of
Nimonic 80A
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Fig. 4 The relationship between experimental and
predicted dynamic recrystallization grain
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Fig. 7 FE simulation results of experiment No. 2
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Table 3 Thermo mechanical processing parameters
for FE simulation

Upper die velocity 12 mmy/s
Air cooling time after heating 50 sec
Air cooling time after forging 120 sec
Friction factor 0.1
Initial temperature of workpiece 1125 C
Initial temperature of die 450 C
Room temperature 20 T

Thermal conductivity of workpiece | 28.4 N/secC

Thermal conductivity of die 24.5 N/secC

Heat capacity of workpiece 6.0 N/mm’C
Heat capacity of die 3.9 N/mm’C
Convection coefficient 0.02N/mm sec C
Lubricant heat transfer coefficient | 2.0 N/mm secC
Emissivity 0.6
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Fig. 8 Initial mesh shape for FE simulation of an
exhaust valve head
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Fig. 9 Distribution of mean grain size during an
exhaust valve manufacture processing
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(d) position f

(c) position e

Fig.12 Microstructure of an exhaust valve head
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