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Deformation Analysis of Longitudinal Surface Micro-defects in Flat Rolling

Nobuki YUKAWA, Yoshinori YOSHIDA and Takashi ISHIKAWA

Synepsis : The shape change of longitudinal surface micro-defects in flat rolling was investigated using a rigid-plastic finite element analysis. Rolling of

plate with V-shaped scratches or rectangle defects that are parallel to the rolling direction, was simulated assuming a generalized plane strain

condition. The calculated results were verified with experiments of model material, and good agreement between both results was obtained.

The influence of rolling conditions, such as reduction, friction coefficient and the position of initial defect, on the shape of existing defect

after rolling was evaluated. Using the developed FEM, the evolution of seam defects was also simulated, and good agreement with experi-

mental results were obtained. The proposed prediction method can be utilized to make defect free products in flat rolling.

Key words: surface micro-defect; seam defects; flat rolling; rigid-plastic FEM; generalized plane strain analysis.
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Fig. 1. Defects parallel to rolling direction.
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(a) Initial mesh

(b) Mesh around the defect

Fig. 2. Example of initial mesh.

(@) V-Shape defect (b) Rectangle defect

Fig. 3. Shape of defects.
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Table 1. Properties and profile of aluminum material.

Material Alminium A1050-O

Flow stress G = 112.58°" MPa
Thickness 10 mm
Length 90 mm
Width 57 mm
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Fig. 4. Comparison of the shape of defects after rolling

(wy=0.5mm, d,=1.0 mm, r=40%).
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Fig. 5. Width spread in roll gap (r=40%).
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Table 2. Analysis condistions.

Material Low carbon steel(0.08%C)
Rolling temperature 1200°C
Flow stress o= 659" MPa
Strip thickness 20 mm
Strip width 100mm
Roll radiusR 100mm
Friction coefficient: [t 0.20, 0.50
Reduction: » 30, 50 %

Width of defects: w, 0.5, 1.0, [.5mm

Depth of defects: d, 1.0 mm
Position of defects: zp 0, 20, 40 mm
(a) (d)
- b 1

(c) ®

Fig. 6. Deformation of V-shape defect (w,=0.5mm, d,=
0.5 mm, »=50%, m=0.20, R=100 mm, zp:Omm).
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Fig. 7. Deformation of V-shape defect (w,=0.5mm, d,=

0.5 mm, =50%, m=0.20, R=100 mm, z,=40 mm).
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Fig. 8. Influence of lateral position of defect on deforma-
tion of V-shape defect (w,=1.0mm, d,=1.0mm,
m=0.2, R=100 mm).
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Fig. 9. Influence of lateral position of defect on deforma-
tion of V-shape defect (wy=1.5mm, d;=1.0mm,
m=0.2, R=100mm).
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Fig. 10. Influence of lateral position of defect on deforma-
tion of V-shape defect (w,=1.0mm, d,=1.0mm,
m=0.5, R=100 mm).
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Fig. 11. Influence of lateral position of defect on deforma-
tion of rectangle defect (w,=0.5mm, dy=1.0mm,
m=0.2, R=100 mm).
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Fig. 12. Influence of lateral position of defect on deforma-
tion of rectangle defect (w,=1.0 mm, d,=1.0 mm,
m=0.2, R=100 mm).
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Fig. 13. Shape of initial side defect.
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Fig. 15. Influence of initial position of defect on folding
length and position of seam defect after rolling.
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Fig. 16. Shape of scam defect after rolling (w,=0.5mm,
dy=0.93 mm, a=30°, [=0.5 mm).
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