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Abstract

This study investigated Austenite Grain Size (AGS) distribution in Low-Speed Round-Oval Rolling.
Rolling experiments were done along with the AGS numerical modeling to characterize the final AGS
distribution and its kinetics behavior. For bar rolling experiment, we utilized the pilot rolling mill,
operating at 34 fixed rpm, at POSCO Technical Research Laboratories. To investigate the
microstructural observation, the rigid-viscoplastic finite element analysis was combined with Hodgson’s
AGS evolution model. To consider the transient thermal history in the integrative AGS modeling,
additivity rule was introduced. The integrated analysis revealed that static or meta-dynamic
recrystallization is responsible for the AGS difference in the inner or outer region of rolled bar.
Comparative study showed that the current AGS modeling approach can be used to model the overall
AGS distribution in bar rolling processes. For more accurate AGS prediction, the AGS modeling
method should be verified under the various rolling conditions such as different rolling speeds and
different deformations.
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Fig. 1 Applications of high strength steel: (a) Special bolts and (b) Seto Bridge, Japan.
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Table 1 Chemical compositions of S20C steel

Element C Mn Si P(max) | S(max)
Wit% 0.20 0.45 0.25 0.03 0.25
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Fig. 2 Schematic of experimental set—up (unit: mm).
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Fig. 3 Specimen for rolling experiment and thermocouple positions (unit: mm).
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Fig. 4 Local micrographs frozen 20 seconds after round-oval rolling (scale bar:100um).
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Finite element analysis
Three-Dimensional Rigid-Thermo-Viscoplastic Approach
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Fig. 5 Flow chart for AGS prediction by combining FEA and AGS model.
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Fig. 6 Temperature distribution and calibration of interface heat transfer coefficient
(scattered data: experiments, line data: predictions)
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Fig. 7 Distribution of (a) strain, (b) strain rate(1/s), (c) temperature(°C) just after roll bite,
and (d) temperature(°C) 5 seconds after roll bite
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Fig. 8 Comparison of AGS prediction(solid symbol) and measurement(hollow symbol)
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Table 2 Equations and constants used in the AGS model proposed by Hodgson et

al(13)
Hodgson's model
Critical Strain €.,=5.6x10 "4d, "z OV
X=1—exp[ —0.693( —tf—) ]
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Static n=1
Recrystallization —» — 23000
ths=1t *d,"Z exp( )
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to=2.3x10 ~%, »p=2.5, ¢=2.0
. Q ge
Zener-Hollomon Z= eexp ( Rde
Parameter
X=1—e><p[—0.693(7’—) ]
0.5
Metadynamic n=1.5
Recrystallization i 230000
by5= R mal "“’EXD( RT )
kmd= 1.1, n md=—0'8
Recrystallized _
Grain Size dspx=3434d, 0-4e=05exp (—??%w )
~Static _ 47 ~0.23
-Metadynamic dyprx = 2.6¥10°Z
if(t < 1), dz:dznmx“-oxlo”exf’( —11%%‘ )
=t iD_4'32t 0.5
Grain Growth
~Static
it > 1), 4= dorxt1.5%10 7 texp (402000,
1=t ,‘p“4.32f0.5
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304



120 120

100 - 100
£
2 0] 80
)]
N
7]
£
T 60 60
o
2
=
8 40 40
g
<C
20 20
9
FMD
0.01 0.1 v 1 2 5 10 20
Time, sec

Fig. 9 Predicted AGS evolutions at each position of specimen
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