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Prediction of Microstructural Evolution in Hot Forging of Steel by
the Finite Element Method

Yong-Soon Jang*, Dae-Cheol Ko** and Byung-Min Kim***

ABSTRACT

The objective of this study is to demonstrate the ability of a computer simulation of microstructural evo-
lution in hot forging of C-Mn steels. The development of microstructure is strongly dependent on process
variables and metallurgical factors that affect time history of thermodynamical variables such as tempera-
ture, strain, and strain rate during deformation. Then finite element method is applied for the prediction of
microstructural evolution, and it should be coupled with heat transfer analysis to consider the change of
thermodynamical properties during forming process. In this study, Yada's recrystallization model and
rigid-thermoviscoplastic finite element method are employed in order to analyze microstructural evolution
during hot forging process. To show the validity and effectiveness of the proposed method, experiments are
accomplished and the results of experiments are compared with those of simulations.

Key Words : Dynamic Recrystallization(3#3A42%), Static Recrystallization(3#A24), Grain Growth
(2%8¥4%), Volume Fraction of Recrystallization (#12% %), Rigid-Thermoviscoplastic
Finite Element Method (32844 #3aa)
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End Loop on Steps

Output Data

- Finsl Veiocity & Temperature Flsld
- Volume Fraction of Recrystaliization
- Effective Grain Size

End

Fig. 1 Numerical analysis procedure to predict microstruc-
tural evolution in hot forging
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Fig. 2 Procedure of numerical analysis for dynamic recrys-
tallization
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Table. 1 Experimental conditions for hot upsetting process

Condition Value

Dimension of workpiece ZB5SXHES m

Material of workpiece AISI 1030

Materia! of dies SKD 61

Original temperature of workpiece 1200C

Original temperature of dies 3%T

Lubricant Graphite with water (1 @ 1)

Heating time 30 min

Transfer time 10 sec

Dwell time 4 sec

Forming time 34 sec

Ram speed 10ma/sec
Quenching

Cooling condition Quenching after 5 sec
Quenching after 60 sec

Photo. 1 Microstructures of hot forged part according to axial direction
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Photo. 2 Microstructures of hot forged part according to radial direction

(b) just after deformation
Photo. 3 Microstructural changes for air cooling time at fixed point

(c) air cooling time = Ssec
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Table. 2 Process parameters for FE-simulation in hot upset-

ting process

Upper die velocity 10 m/sec

Friction factor 03

Initial temperature of workpiece 1200C

Initial temperature of dies 30T

Temperature of surrounding medium { 20T

Thermal conductivity of workpiece | 368N/(s-K)

Thermal conductivity of dies 284N/(s - K)

Material property of workpiece{ pc) | 37IN/(w - K)

Material property of dies{ oc) 40N/(w - K)

Heat transfer coeff. during resting 04N/(uf - K)

Heat transfer coeff. during forging | 40NAs-m-K)

Heat transfer coeff. for medium 0.0020N/(s - s - K)

Radiation property( 6) 85X 10“N/(s - ma - K)

Z(mm)
125
85 VE=+1vd
Upper Die
Vx=0 Worpiece
Lower Die
0 b= 2.9 g X(mm)

Fig. 3 Finite element mesh for the simulation of hot upsetting
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Fig. 4 Distribution of temperature along the axisymmetric
plane just before deformation('C)
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Fig. 8 Distributions of presenting strain rate and retained strain just after deformation
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Fig. 9 Distribution of grain size after static recrystallization (im)
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Fig. 10 Comparison of measured grain size with calculated results
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