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A Manufacturing Process analysis of Large Exhaust Valve Spindle
considering Microstructure Evolution

Ho-Seung Jeongt , Jong—Rae Cho** and Hee-Cheon Park#*

Abstract : The microstructure evolution in hot forging process is composed of dynamic
recrystallization during deformation as well as grain growth during dwell time.
Therefore, the control of forging parameters such as strain, strain rate, temperature and
holding time is important because the microstructure change in hot working affects the
mechanical properties. Modeling equations are developed to represent the flow curve,
grain size, recrystallized volume fraction and grain growth phenomena by various tests.
The developed modeling equations were combined with thermo-viscoplastic finite element
modeling to predict the microstructure change evolution during hot forging process. The
large exhaust valve spindle (head diameter of 512mm) was simulated by closed die
forging with hydraulic press and cooled in air after forging. The preform was heated to
each 1080 and 1150C. 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. In order to obtain the fine and
homogeneous microstructure and good mechanical properties in forging, the FEM would
become a useful tool in the simulation of the microstructure development. In forging,
appropriate temperature, strain and strain rate and rapid cooling are required to obtain
the fine grain microstructure. The optimal forging temperature and effective strain range
of Nimonic 80A for large exhaust valve spindle are about 1080~1120C and 150~200%.

Key words : Exhaust valve spindle(¥j7]®82  2¥E), Recrystallization(A24), Grain
growth(YAF 47, Microstructure evolution(®A%% W3}, FEM(#F384%)
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Table 1 Hot closed die forging processing
parameters for finite element analysis
ltem Value
Case 1 | Case 2
Workpiece heating temperature 1150 | 1080C
Setting time after heating 50 sec
hydraulic press velocity 10 mm/sec
Air cooling time after forging 300 sec
Friction factor 0.1
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 secC

Lubricant heat transfer
coefficient

0.2 N/mm secC

Emissivity

0.6

A |

0 50 100 150
r(mm)

250

Fig. 1 Inspection positions at the section of
exhaust valve head
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(a) initial finite element mesh shape
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(b) distribution of mean grain size at

final processing
Fig. 3 FE simulation results of large exhaust

valve forging (case 2)

Fig. 2 FE simulation results of large exhaust

finite element mesh shape
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