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Prediction of microstructural evloution in hot forging
of steel by finite element method
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ABSTRACT

The objective of this study is to demonstrate the ability of a computer simulation of microstructural '
evolution in hot forging of C-Mn steels. The finite element method is applied to the prediction of the
microstructural evolution, and it should be coupled with heat transfer analysis to consider the change
of thermomechanical properties during the deformation. In this study, Yada's recrystallization model
and rigid-thermoviscoplastic finite element method were employed in order to analyze microstructural
evolution during hot forging process. To show the validity and effectiveness of the proposed method,
the experiment of hot compression process was accomplished and the results of experiment were
compared with those of simulation. Consequently, this approach shows a good agreement with
experimental results.
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Input Data

- Initia) Microstructure
- Chemical Composition
- Process Condition

- Thermomechanical Properties
- Initial Velocity and Temperature

!

ﬂn Number of Steps
s
L

—

i

’ - Effective Strain
- Effective Strain Rate
- Temperature

Coupled Analysis of
Deformation & Heat
Transfer by FEM

Heat Transfer Analysis
by FEM .

|

!

- Velume Fraction of
Dynamic Recr +
Analysis B - Grain Size
- Retained Strain

Static Recrystallization [
Anaiysis

I

%{; End Loop on Steps

Output Data

- Effective Grain Size

- Final Velocity & Temperature Field
- Volume Fraction of Recrystallization

Fig.1 Neumerical analysis procedure to predict

microstructural evolution in hot forging.
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Fig. 2 Deformed mesh and temperature distribution

at 40% reduction.

Fig.3 Distribution of (a)fraction of dynamic recry—
-stallization ; (b)grain size(mm) ; (c)retained
strain ; (d)grain size(ym) at 40% reduction.
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Fig. 4 Comparision between measured grain size

along axial direction and calculated results.
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Table 1 Experimental conditions.

Condition value
Dimension of workpiece 28 x h 8
Material of workpiece AISI 1030
Material of die SKD 61
Heating time 30min (12007C)
Transfer time 10sec
Dwell time 4sec
__Ram speed 10mm/s
Forming time 3.4sec

200pm

(a) centeral part

(b) edge part

Fig.5 Microstructure at 402 reduction in height.
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