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Deformation Analysis of Surface Defect on Plate Rolling

Takashi ISHIKAWA, Nobuki YUKAWA, Yoshinori YOSHIDA and Yuhi TONOHATA

Synopsis : Micro-defects sometimes appear on the surface of rolled plate and they affect the surface quality and cause the breakdown and cracks in the

rolled sheet and strip. It is very difficult to make defect free products now. The shape of defect after rolling changes variously due to the

rolling conditions. If the relation between the shape of the defect before rolling and that after rolling is clear, it leads to the effective method

to predict the reason of the surface defect and to develop the process to remove the defect. The finite element analysis seems to be an influen-

tial technique, but it is difficult to calculate the deformation of micro-defects since the size of the defect is very small and the deformation is

concentrates in small area. In this study, finite element analysis with an effective meshing and adaptive remeshing system was newly applied

to calculate the change of surface micro-defects in plate rolling. A small mesh under sub-millimeter size was used around the defects.

Rolling of plate with several types of surface defects, for instance V-shaped and rectangle scratch or denticle was calculated and the existing

defect after rolling was investigated. The validity of simulated results was checked by experiments. There were mainly two cases in the

change of defect shape in rolling i.e. opening type and closing type. The influence of rolling condition (roll diameter, lubrication and pass

schedule ezc.) on existing defects after rolling was revealed and the optimum condition to eliminate defects was discussed.

Key words : plate rolling; surface defect; finite element method.
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Table 1. Profile of aluminum material.

Material Aluminum A1050-O(JIS)
F-value 112.45 MPa
n-value 0.18
Thickness 10 mm
Length 150 mm
Width 47 mm

Table 2. Specification of rolling mill.

Roll radius 100 mm
Roll length 250 mm
Roll material High carbon bearing chrome steel
Maximum load 500N
Rolling velocity 0.395 r.p.m.

Table 3. Initial dimension of V-shape defect.

/
Defect width : wy | 0.27mm | 1.50 mm
Defect depth : d, 0.5 mm 0.5 mm
Defect tip angle: oty | 30 ° 112°
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(b) Mesh around defect
Fig. 1. Example of mesh.

Table 4. Rolling condition.

1,473 K
0.400 r.p.m.
60, 100, 200 mm
0.20, 0.35, 0.50

Rolling temperature

Roll rotational speed
Roll radius: R
Friction coefficient: 4

Table 5. Pass schedule.

Series 2

9 (%)

Series 1

¢ (%)
20.0 0 20.0 0

14.0 30 10.0 50
10.0 50 - -

t (mm) t (mm)

Initial

1st pass

2nd pass

t: plate thickness, ¢ total rolling reduction
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Fig. 2. Schematic figure of surface defect.
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Fig. 3. Comparison between experimental and analytical result (¢, =30°).
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Fig. 4. Comparison between experimental and analytical result (o, =112°).



Table 6. Profile of hot strip steel.

Material Ultra low carbon steel
(0.08%C)
F-value 65.8 MPa
n-value 0.19
Thickness: ¢ 20 mm
Length:/ 60 mm

Table 7. Initial dimension of defect.

V-shape defect
R.D

Defect width: w,
Defect depth: d,
Defect tip angle:

0.1,0.3,0.5, 1.0 mm
1.0 mm
5.7,17.1,28.1,53.1°
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Fig. 5. Example of deformation of V-shape defect (thick-
ness ¢t=20mm, rolling reduction ¢=30%, u=
0.20).
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Fig. 6. Influence of friction on V-shape defect after rolling
(thickness ¢=20mm, rolling reduction ¢=30—
50%).
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Fig. 7. Influence of pass schedule on V-shape defect after
rolling (thickness t=20 mm, u=0.20).
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Fig. 8. Influence of roll radius on V-shape defect after
rolling (thickness =20 mm, rolling reduction ¢=
0—-30%, 1=0.20).

Table 8. Initial dimension of rectangle defect.
Rectangle defect

R.D

Defect width: w, 2.0 mm

Defect depth: d;

1.0 mm
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Fig. 9. Example of deformation of rectangle defect (thick-
ness t=20mm, rolling reduction ¢=30%, u=
0.20).
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Fig. 10. Influence of friction on rectangle defect after
rolling (thickness #=20mm, rolling reduction

0=30%).
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Fig. 11. Influence of pass schedule on rectangle defect
after rolling (thickness =20 mm, u=0.20).
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Table 9. Initial dimension of triangle convex defect.

Triangle convex

R.D.
—_

Convex width
Convex height

we=0.3 mm
hy=0.5 mm
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Fig. 12. Example of deformation of triangle convex defect
(thickness t=20mm, rolling reduction ¢=30%,
1=0.20).
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Fig. 13. Influence of friction on triangle convex defect
after rolling (thickness t=20mm, rolling reduc-
tion $=30%).
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Fig. 14. Influence of pass schedule on triangle convex de-
fect after rolling (thickness /=20 mm, ©£=0.20).

Table 10. Initial dimension of rectangle convex defect.
Rectangle convex

R.D.

Convex width
Convex height

w=1.0 mm

7;=1.0 mm
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Fig. 15. Example of rectangle convex defect deformation
(thickness =20 mm, rolling reduction ¢§=30%,

1=0.20).
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Fig. 16. Influence of friction on rectangle convex defect
after rolling (thickness t=20mm, rolling reduc-
tion §=30%).
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Fig. 17. Influence of pass schedule on rectangle convex
defect after rolling (thickness =20 mm, ©=0.20).
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Fig. 18. Relationship between initial and final shape of
surface defects.
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