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A Forging Analysis and Mechanical Properties Evaluation of
Superalloy Exhaust Valve Spindle

S. G. Choi, J. S. Oh, H. S. Jeong, J. R. Cho

Abstract

The nickel-based alloy Nimonic 80A possesses strength, and corrosion, creep and oxidation resistance at high
temperature. The exhaust valves of low speed diesel engines are usually operated at temperature levels of 400-600C and
high pressure to enhance thermal efficiency and‘exposed to the corrosion atmosphere by the exhaust gas. Also, the
exhaust valve is subjected to repeated thermal and mechanical loads. So, the nickel-based alloy Nimonic 80A was used
for the large exhaust valve spindle. 1t is composed a 540mm diameter head and a 125mm diameter stem. It is developed
large products by hot closed-die forging. Manufacturing process analysis of the large exhaust valve spindle was simulated
by closed die forging with hydraulic press and cooled in air after forging. The preform was heated to 1080 C. Numerical
calculation was performed by DEFORM-2D, a commercial finite element code. Heat transfer can be coupled with the
deformation analysis in a non-isothermal deformation analysis. Mechanical properties of the large exhaust valve spindle
were evaluated by the variety of tests, including microstructure observation, tensile, as well as hardness and fatigue tests,
were conducted to evaluate the mechanical properties for head part of exhaust valve spindle.
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Table 1 Chemical composition of Nimonic 80A, wt(%)
Cr Fe Ti Al | Ni
200 | 275 [ 245 ] 1.50 | bal

Element

Composition

Table 2 Hot closed die forging processing parameters
for finite element analysis

Item Value
Workpiece heating temperature 1080°C
hydraulic press velocity 10 mm/sec
Friction factor ol
Initial temperature of die 450 C
Room temperature 27T
Convection coefficient 0.02N/mm sec C
Lubricant heat transfer coefficient 1 N/mm sec'C
Emissivity 0.7
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Fig. 1 FE model of hot closed dle forging
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Fig. 3 Temperature distribution after a forging
process
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Fig. 4 Temperature distribution after a 300sec air

cooling
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