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1 Description of the microstructure model

For the microstructure simulation, a semi-empirical model will be used on the basis of the
formulations of Sellar [1]. The practical transformability of the model has already been
confirmed in numerous publications [2-7].

1.1 Dynamic recrystallization

When exceeding the critical grade of metal forming, the microstructure of metallic materials
recrystallizes during the metal forming dynamically:

Q. =a, * Doaz * 7% (1)

in which: Dy — initial grain size
Z — parameter Zener-Holloman
ai1...a3 — material-dependent coefficients

The strain @05, in which 50% of the microstructure are recrystallized, is to
be determined as follows:

Pos =Cp * Dgz * (.004 * e(TS] 2)

in which: @ - strain-rate
T — temperature
C1...C4 — material-dependent coefficients

The dynamically recrystallized content Xgyn represents the percentage of the recrystallized
microstructure:
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in which;...e; — material-dependent coefficients

A very high grain refining can be obtained with the dynamic recrystallization. The preset
grain size Dgyn depends, above all, on the activation energy of the respective material, on the
metal-forming speed and on the metal forming temperature. For the determination there will
be used the following relation:

Ddyn = dlzdz (4)

in which: d;...d; — material-dependent coefficients

In this connection, the coefficients aj...as, Ci...Cs, d1,d2, €1 and e, are material-dependent
factors which are to be determined by experiments.

1.2 Static recrystallization

The static recrystallization will be marked by the description of the time for the 50% static
recrystallization, by the statically recrystallized content and by the statically recrystallized
grain size.
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in which: t,  dead time
to time until the beginning of the static recrystallization
Do initial grain size before starting the static recrystallization
Qs activation energy for the static recrystallization
hi, hy, f1...f5 01...04 — material-dependent coefficients

D — 91(092 D093294 (7)
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hi, hy, f1...fs as well as g; up to g4 are the material-dependent constants for the modelling. Dg is
the initial grain size before starting the static recrystallization.

1.3 Grain growth

After a primary recrystallization, the microstructure is not yet in the state of equilibrium. A
reduction of the grain boundary energy by a decrease of the grain boundary area can be
realized through the grain growth:
—Qkw
(AD)" = A *t*e *T (8)

inwhich:t  holding time
AD  grain size difference
Qxw activation energy for the grain growth
A, N — material-dependent coefficients

A and n are material-dependent coefficients for the modeling.
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