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ABSTRACT

In this paper, a finite element based system is presented for the prediction
of the distributions of the recrystallized grain sizes in the workpiece in hot
forging. The system adopts a fully coupled finite element thermo-mechanical
model for predicting plastic deformation and heat transfer occurring in the
workpiece, and employs existing metallurgical models relating the recrystal-
lization behavior with the thermo-mechanical variables such as temperatures,
strain, and strain rate. The system is applied to upsetting of cylindrical pre-
form. The predicted grain sizes are compared with the measurements. It is

further applied to forging of a complex-shaped product.
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d = Grain Size

Q = deformation activation energy

T = temperature

X = recrystallized volume fraction

Z = Zener-Holloman parameter

€ = effective strain

o€ = residual strain after deformation
€ = effective strain rate

€ = apparent strain rate (stroke rate)
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rocess condition
fof the current forming PROGRAM OUTPUT
~ Operation _ COUPLED ANALYSIS OF DEFORMATION
initial effective strain &(p) & HEAT TRANSFER by FEM
initial temperature  T(p) INPUT
Effective strain &p)
Effective strain rate gp.1)
INPUT Temperature T(p,t)
Cooling conditions PROGRAM INPUT | |
NG s orroing time HEAT TRANSFER ANALYSIS by FEM SUTROT

INPUT

I Temperature T(p.,t)

Initial Grain size
d(p)

PROGRAM
RECRYSTALLIZATION ANALYSIS

INPUT

INPUT

OUTPUT 1

N = current forming operation No.
N, = finish forming operation No.

Volume fraction
of recrystallization,
Xm(p)v X I(p't)
Grain size d(p.1)
Residual strain 3€(p,t)

p : Number denoting a material point in the workpiece

p=12..n

Fig. 1 Structure of the system for the analysis of the thermo-mechanical and

recrystallization behavior in multi-step forging
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Fig. 2 Temperature control during the hot upsetting experiment

Fig. 3 Locations of the material points where the grain sizes were measured

2 {mm}

Fig. 4 Finite element meshes for the preform and the die, used for process simulation
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Fig. 5 Variation of the grain size with annealing time. é = 10, T = 850 °C
(a) POSCO, (b) Sellars, and (c) NSC
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Fig. 6 Variation of the grain size with annealing time. ¢ =10, T = 1000 °C
(a) POSCO, (b) Sellars, and (c) NSC
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