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Investigation of the Forging Process of Exhaust Valve for Large Diesel Engine
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Abstract

Nimonic 80A superalloy with high-temperature strength and high corrosion-resistance is used in jet engine
for aircraft, gas turbine for power plant and marine diesel engine, etc. To develop the manufacturing process
of exhaust valve for large diesel engine using Nimonic 80A, various mechanical tests, such as hot
compression, microstructure and hardness test have been performed. This results effectively used to set the
reasonable forging conditions while hot forging of Nimonic 80A superalloy. Open die and closed die forging
experiments are carried out from ESR ingot and finally get a good shaped exhaust valve product.
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Fig.1 Tensile Test Result of Nimonic 80A
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Table 1. Hot compression test conditions of

Nimonic 80A
Forging 950, 1000, 1050, 1100,
Temperature(°C) 1150, 1200

]

Table 2. Chemical composition of Nimonic 80A(wt.%)

Strain Rate(1/sec) 0.1,0.5,1.0,5.0

Ni C Si | Cu Fe Mn Cr
Bal. | 0.08 | 0.05 002 ] 075 | 001 | 19.66
Ti Al Co B Zn p S
253 | 154 | 012 ] 0.003 | 0.09 | 0.005 | 0.001
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Fig. 3 Microstructure during hot compression test( X 100)

(a) initial specimen (b) top position

after 50% compression (c) center position after 50% compression
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Table 3. Analysis and measurement condition

(b) 1050°C
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Hardness (Hv)
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(c) 1100°C

Fig. 4 Relationshin between forging condition and hardness of Nimonic 80A
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(d) 1150°C

Table 4. Measurement and simulation results after 50%
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Fig.5 Manufactured ESR Ingot
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Fig. 8 Open Die Forging of ESR Ingot
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Fig. 9 Metal Flow Variation during Closed Die Forging
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Fig. 10 Effective Strain Distribution of Nimonic
80A after Closed Die Forging
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Fig. 11 Preform after Heating
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