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A Study On The Microstructural Evolution In Hot Rolling
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**Department of Mechanical Engineering, Sogang University

ABSTRACT

A full three-dimensional thermo-coupled rigid-viscoplastic finite element method and the
currently developed microstructural evolution system which includes semi-empirical
mathematical equations suggested by different research groups were used together to form
an integrated system of process and microstructure simulation of hot rolling. The distribution
and time history of thermomechanical variables such as temperature, strain, strain rate, and
time during pass and between passes were obtained FEM analysis of multipass hot rolling
processes. Then distribution of metallurgical variables were calculated successfully on the
basis of instantaneous thermomechanical data. For the verification of this method the
evolution of microstructure in plate rolling and shape rolling was simulated and their results
were compared with the data available in literature. Consequently, this approach makes it
passible to describe the realistic evolution of microstructure by avoiding the use of erroneous

average value and can be used in CAE of multipass hot rolling.
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Metallurgical Model
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distribution of
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from FEM simulation

Emperical equations for
the recrystallized grain
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( Relationship quantified )

/
(Microstructural Evolution Model)

Fig.1 Calculational procedure for static recrystallization

Initial grain size \
Time for 50% recrystaliization(T 50%)1
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The recrystaliized grain size '

Time interval(Ti)

! Full Recrystallization

Partial Recrystallization

C oo )

(The recrystallized fraction }
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( The effective grain siz;)

—>| Final Grain size —|<-—

Input for next pass

‘ Predicted Microstructure '

Go to next pass

Fig.2 Model of microstructural evolution
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Grain size-time curve
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Fig. 3 Calculated grain size-time curve
when do=300um.
Grain size-time curve
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Fig. 4 Calculated grain size-time curve
when dg=1000pm.
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Fig. 5 Calculated grain size-time curve
when the reheating temp.=12800C.
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Fig. 6 Six pass rolling schedule
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Fig. 7. Average grain size-time curve
Temperature-time curve
1080
1060
1040
L 1020
% 1000
€
it 280 4+
260 4
240 4
920 ' 4 ' : N N
| 21 al 61 81 101 121
Time(sec)

Fig. 8: Average temperature-time curve
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Fig. 9 Temperature distribution in the roll bite of stand 1.
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Fig. 11 Temperature distribution between stand 1 and stand 2.
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Fig.12 Recrystallized grain size distribution

between stand 1 and stand 2.
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Fig. 13 Fraction recrystallized distribution

between stand 1 and stand 2.

Fig. 14 Retained starin distribution

between stand 1 and stand 2.
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Fig. 15 Recrystallized grain size distribution between stand 4 and stand 5.
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Fig.16 Recrystallized grain size distribution on the 14th cross-section during the interstand 4.
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Fig. 17 Recrystallized grain size distribution on the exit cross-section during the interstand 4.
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Fig. 18 Recrystallized grain size distribution on the exit cross-section after final pass.
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Fig. 21 Initial time history tracing points on workpiece.
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Fig. 23 Fraction recrystallized-pass no. curve
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Fig. 22 Temperature-pass no. curve
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Fig. 24 Grain size-pass no. curve



