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Examination of Effective Factor on Curling and Curling Control in Plate Rolling

Ken-ichi OHE, Taiji UEDA, Tokutaka TANI and Masaki SuDOU

Synopsis

: To realize a technique for the control of curling during plate rolling, the curling behavior in actual rolling was investigated by examining the

real nature in an actual mill and by the deformation analysis of the plate during rolling based on rigid-plastic FEM. Main results were the fol-

lowing: (1) In addition to factors that has been investigated previously, the curling behavior is remarkably influenced by the asymmetry in the

phase transformation and residual strain due to the asymmetrical temperature distribution in the thickness direction. (2) To control the asym-

metry in these factors, it is necessary to control the asymmetrical temperature distribution in the thickness direction with a consideration of

its effect upon these factors in not only rolling process, but also the preceding process of it. On the basis of the results obtained, effectiveness

of a technique for controlling curling based on the control of the vertical temperature difference in the whole process, from reheating to

rolling, was confirmed.
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Fig. 1. Relation of rolling No. and height of curling.
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Fig. 2. Variation of curling with temperature difference
of upper and lower surface of slab at reheating
process.
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Fig. 3. Curling behavior in finishing rolling of typical
plate.
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Table 1. Calculated conditions.

Pass schedule 57—47= 38—30
(Thickness) = 25—21=>18 mm
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Workroll radius 500 mm
Rolling speed 4.3 rad/sec
Frictional Coulomb's friction
condition =03
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Fig. 4. Temperature difference between upper and lower
surface at each pass in finishing rolling (A7w: tem-
perature difference between upper and lower sur-
face just after water cooling before finishing
rolling).
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Fig. 5. Deformation resistance of typical Si—-Mn steel.
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Fig. 6. Deformation resistance of Si—-Mn—Nb steel.
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Fig. 7. Distribution of deformation resistance in thickness
direction of Si—Mn steel.
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Fig. 8. Curvature of curling at each pass in finishing

rolling.
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Fig. 9. Distribution of deformation resistance in thickness
direction of Si—-Mn—Nb steel.
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Fig. 10. Curvature of curling at each pass in finishing
rolling.
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Fig. 11. Influence of set temperature difference between
upper and lower portion of slab upon curling in
finishing rolling with Si—Mn steel.
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Fig. 12. Influence of temperature difference between
upper and lower surface before rolling of plate ap-
plied water cooling on curling in rolling with Si—
Mn-Nb steel.
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Fig. 13. Experimental equipment.
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Fig. 14. Effect of curling control by lower surface cooling
(ordinary rolling).
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Fig. 15. Effect of curling control by lower surface cooling
(controlled rolling).
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Fig. 16. Comparison of calculated results of curvature
using FEM and prediction model (Aon: change in
distribution of deformation resistance between 2nd

pass and 4th pass).
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