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Mathematical Modeling for the Simultaneous Prediction of Rolling Force and Microstructure Evolution in
the Tandem Hot Rolling of Fine Grain Steel Sheets and Plates

Toshiharu MORIMOTO, Ryuro KURAHASHI, Ichiro CHIKUSHI and Jun Y ANAGIMOTO

Synopsis :

A new mathematical model to predict rolling force and microstructure evolution in tandem hot strip rolling of fine grain steel sheets and
plates has been proposed. This model is composed by combining Orowan’s theory for plastic deformation, FDM analysis temperature and in-
cremental modeling for the evolution of microstructure. This model enables us to predict rolling force, rolling torque and microstructure si-
multaneously from finishing train to the run out table with quite short computing time, although flow stress is directly calculated by disloca-
tion density and the residual dislocation of austenite is reflected to phase transformation.

Proposed model has been used to characterize tandem hot rolling of fine grain steel sheets and plates. In order to manufacture fine grain
steel sheets and plates, heavy reduction tandem hot rolling under low temperature is needed. As rolling force and rolling torque in finishing
stands are higher than conventional rolling schedules, it is strongly requested to know whether rolling can be done within the capacity of
rolling mill. The proposed model is helpful to design the best schedule to roll fine grain steel sheet and plate considering rolling reduction,
rolling speed and rolling temperature.

Also, there is good relationship between ferrite grain size of the hot rolled steel sheets and plates and residual dislocation density of
austenite phase at the onset of phase transformation. Then, regressive equation to describe relation between them is newly proposed. This
equation could be applicable to other rolling sequence such as bar rolling, because it is given by general analytical scheme for the evolution
of microstructure.

Key words : rolling; numerical simulation; modeling; rolling force; microstructure evolution; fine grain steel sheets; fine grain plates; dislocation density.
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Fig. 1. Schematic illustration of the proposed analysis for the controlling of microstructure.
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Fig. 2. Element of FDM analysis for temperature.

Table 1. Thermal analysis conditions.

Hot strip Scale layer Work roll

Specific heat 0.156 (at 1223K) 0.185 0.128

(kcal/ kgK) 0.206 (at 1073K)

Heat conductivity 23.2 (at 1223K) 1.15 21.6

(kcal/ mhK) 23.9 (at 1073K)

Density 7800 4400 7800

(kg/m>)

Boundary condition | Radiation Scale thickness 323K at 20mm
coefficient = 0.7 =10pm from surface
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Table 2. Chemical composition.

(wt%)
Mo | P | S | Fe |
0.80] __0.010] ___0.005| Bal.
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Table 3. Rolling schedule.

Thickness [Rolling Cooling
of strip |Speed Temperature Reduction per stand (%) Interstand just
. (K) R
at exit (m/s) Cooling after
(mm) F1 Entry | Exit {Coiling| F1 F2 F3 F4 F5 F6 rolling
Conventional 12.0 1.13] 1235 1123 923 24 20 21 18 16 14 off off
Schedul 4.5 1.69] 1207] 1140 892 46 33 35 30 23 7 off off
2.3 2.23] 1222] 1160 930 54 41 38 35 27 17 off off
New 12.0 0.95] 1161 949 722 35 22 15 21| - - on on
Schedul 4.5 0.93] 1165{ 1018 810 48 40 34 23 20 - on on
2 2.3 0.72] 1261} 1063 885 33] 34 33 40 44 43 on on
Cooling Bed Curtain Wall Cooling

Reheating
Furnace

Hot Coil

Runout Table ; i

al Edger(RE) FiI F2 F3 m
Slab Rougher(RM) Edger(FE) SRDD Down Coiler
Finisher(FM)

Fig. 3. Schematic view of the Nakayama Hot Strip Mill.
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Fig. 4. Comparison between the calculated and measured rolling forces of the conventional and new schedules.
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Fig. 5. Comparison between the calculated and measured rolling torques of the conventional and new schedules.
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Table 4. Roll diameter.
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F1 F2 F3 F4 F5 F6
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Ay
S 0.96 - VYK\
=
&
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2
S 092 | —-400/600(mm) e
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0.9 1 L i 1
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Thickness reduntion,Re(%)

Fig. 6. The effect of single-driven asymmetric work roll
estimated by FEM.
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ferrite grain sizes of the conventional and new
schedules.
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Fig. 8. Comparison between the calculated and measured
volume fractions of the conventional and new
schedules.
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Fig. 9. Effect of exit temperature on grain size.
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cation density after the final stand.
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