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Development of Residual Stress Analysis Model of cold-rolled steel sheets in Roller Leveling

Tatsuhiro Kubo, Atsushi Aizawa, Kenji Hara

Synopsis :

In roller leveling process of steel sheets, residual stress variations of cold-rolled steel sheets are different from those of annealed steel
sheets. However, it is difficult to estimate the residual stress distribution of cold-rolled steel sheet correctly by conventional analysis models
developed for annealed steel sheets. So, a new residual stress analysis model for roller levering has been developed in order to estimate
the residual stress distribution of cold-rolled steel sheets. Summary of this study is as follows.

(1) It was observed unique phenomena that after roller leveling of the cold-rolled steel sheet, the residual stress increased toward tension
side near the sheet surface, on the other hand, toward compression side in the middle of sheet thickness.

(2) In repetitive small strain load tests using cold-rolled steel sheets, the Bauschinger effect ie. the phenomena that compressive yield
stress is getting lower than the tensile yield stress, was observed in the longitudinal direction, but not observed in the sheet width
direction.

(3) A new residual stress analysis model has been developed considering the Bauschinger effect of materials and its anisotropy.

(4) Analysis by the model showed that the calculated residual stress distributions were in relatively good agreement with those

obtained experimentally. Thus, the applicability of the present analysis model has been ascertained.
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Table 1 Leveling conditions

Middle carbon steel

(annealed steel sheets)

Material used

Middle carbon steel (cold-rolled steel
sheets, rolling reduction : 54.5%)

Size t1.0mm X w98mm X C
Roll diameter ¢ 70mm
Roll pitch 73mm

Number of work rolls | 8/8

(upper part/lower part)

Intermesh (entry/exit) |4.7mm/—0.9mm
(annealed steel sheets)

4.2mm/ — 1.6mm
(cold-rolled steel sheets)

sheet Work Roll
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Fig. 2 Schematic figure of serial etching method.

Fig. 1 Schematic illustration of roller leveler.
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Fig.3 Residual stress distributions before and after roller leveling.
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Table 2 Testing conditions

Material used | Middle carbon steel (annealed steel sheets)

Middle carbon steel (cold-rolled steel sheets,
rolling reduction : 54.5%)

Thickness 1.0mm

Testing strain | =02~ *+1.0%

Strain gauge | Attachment in both side of test piece

Testing speed | 0.2mm/min
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Fig. 4 Test piece with strain gauge.

Repetitive strain
addition

Fig.5 Repetitive small strain load test.
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Fig. 8 Stress-Strain curve. (cold-rolled steel sheets)
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Fig.10 Flow chart of leveler analysis.
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Fig.11 Residual stress distributions before and after roller lev-

eling. (annealed steel sheets)
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Fig.12 Residual stress distributions before and after roller lev-
eling. (cold-rolled steel sheets)
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Fig.13 Schematic representation of stress distribution in bending and rebending deformation.

(Material without Bauschinger effect)
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Fig.14 Schematic representation of stress distribution in bending and rebending deformation.

(Material with Bauschinger effect)
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