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Influence of Rolling Condition on Deformation of Surface Micro-defect in Plate Rolling

Nobuki YUKAWA, Takashi ISHIKAWA, Yoshinori YOSHIDA and Akira KOYACHI

Synopsis : The shape change of surface micro-defects in plate rolling was investigated using a rigid-plastic finite element analysis. Rolling of plate with

rectangular-shaped scratches or plunges, which lay perpendicular to the rolling direction, was simulated. The influence of rolling conditions,

such as reduction, friction coefficient, roll diameter and pass schedule on the shape of existing defect after rolling was evaluated. From these

results, the relationship between the shapes of surface defect before and after rolling was obtained, and the optimum condition to eliminate

defects was discussed. The proposed prediction method of surface defect can be utilized to make defect free products in rolling and forging

processes.

Key words : surface micro-defect; plate rolling; rigid-plastic FEM.
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(b) Mesh around micro-defect

Fig. 1. Example of initial mesh.

Table 1. Rolling conditions.

Material Low carbon steel(0.08 mass%C)
Rolling Temperature 1473 K
F-value 65.9 MPa
n-value 0.19
Thickness 20 mm
Length 60 mm
Width 47mm
Roll radius: R 60, 100, 230mm
Roll rotation speed 0.400 r.p.m
Friction coefficient: p 0.20, 0.35, 0.50

2.2 WEHEOERER

BRHHE SN HMEEICRENSRETE IS
%, ZOHEANIHFRORBEOKY -4 5D B DT, FRER
MR EAIZPE S ARSI NS & 5 I8 & g5
EDBTENRDBDIZRELZIENIZE->THELBEE
A6 T3, EEOEXIZE O CIBERDONEE AR+
THBHIBER, SR D 2 ZHEIRD, $HAARIEEM
Y IBAR, W E S 6 5] 2RO 7B OIS B
BAREYZIBAITEC D, ZDLS IR THRETE
BT DMELERIC [N EMERh5 &5 itk L
TRRINS, 7=, FERKIZT — L EHi6 L ORIZEY
NRATHIEDNDD, T ARRBPIZFHETSEIAT
Holl, BABEEARE CRETIMIEMAr — L Th -
720, FEO—MIINELEZATHE DT 5, 2Dk
IBRMHBRE L BIIFEE NS L, BYARERIZHR
L, Hir-zMROEREXHBBEEH B, ZITiEL
LD &S HHNR L IZAEBHOMTHEL T, EEIZL-
TEDEI BEET I EBIL =,

FEAED B DWW TEFig. 20 K D IZEHE L, BT
U 72 8540 % Tablel 21278 L 7=, OB OIERIE
weld 0.3mm, 0.5mm®D 2MEEHE L, BOYHE X d,133%
VIEA L 7203 mmA» SV A /R T 2.0mm £ T 55
e L7, 2oftt, FERHICXBEBVERANS DY —
oY EEIER R 112 0.2, 035, 0.5D3FEME, v — LEERIT
60mm, 100mm, 230mm® 3fEHH, [ T &1L 30%, 50%
D2EET TN NN 2T > 7=, EIEA B EF A

16

Fig. 2. Initial shape of rectangle defect.

Table 2. Initial dimension of rectangle defect.

Initial defect width: w, 0.3, 0.5, 2.0mm

Initial defect depth: d, 0.3, 0.5, 1.0, 1.5, 2.0mm
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Fig. 3. Initial shape of rectangle plunge.

Table 3. Initial dimension of rectangle convex defect.

Initial width : w, 0.5mm

Initial height : A, 0.3mm
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Fig. 4. Deformation of rectangle defect (w,=0.5mm,
dy=1.5mm, r=30%, £=0.20, R=100 mm).
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Fig. 5. Influence of initial depth on deformation of rectan-
gle defect (w,=0.1mm, r=30%, u=0.20, R=

100 mm).
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Fig. 6. Influence of initial width on deformation of rec-
tangle defect after rolling (d,=1.5mm, r=30%,
1=0.20, R=100 mm).
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Fig. 7. Deformation of rectangle defect (w,=0.5mm,
dy=1.5mm, r=50%, 4=0.20, R=100 mm).
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Fig. 8. Influence of reduction on deformation of rectangle
defect after rolling (w,=0.5mm, d,=1.5mm,
14=0.20, R=100 mm).
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Fig. 9. Influence of friction on deformation of rectangle
defect after rolling (w,=0.5mm, d,=1.5mm,

1=0.20, R=100 mm).

B !
R=60mm ' M
RD. RD.
y 4 l
R=100mm # j{
Yy v l l
R =230mm ' /2/
Before rolling After rolling

Fig. 10. Influence of roll radius on deformation of rectan-
gle defect after rolling (wy=0.5mm, d,=1.5mm,
r=30%, u=0.20).
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Table 4. Rolling conditions for multi-pass rolling.

Friction coef ficient: u 0.20, 0.50
Roll radius: R 100 mm

1st pass 30%

Rolling schedule 2nd pass: rioral 50%

rolling direction forward, reverse
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Fig. 11. Deformation of rectangle defect in 2nd pass
(Wy=0.5mm, d,=1.5mm, r,,,=50%, ©=0.20,
R=100 mm).
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Fig. 12. Deformation of rectangle defect in reverse rolling
(wy=0.5mm, d,=1.5mm, r.,=40%, u=0.20,
R=100 mm).
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Fig. 13. Deformation of plate with rectangle plunge
(F=65.9MPa, n=0.19, r=30%, u=0.20, R=
100 mm).
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Fig. 14. Influence of plunge property on deformation of
plate (r=30%, u=0.20, R=100 mm).
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Fig. 15. Initial shape of extraneous material.

Table S. Flow stress of plunge.
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Fig. 16. Influence of material property of extraneous mate-
rial on the shape after rolling.
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Fig. 17. Relationship between shapes of surface defects
before and after rolling.
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