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Analysis of Surface Imprinting in Sheet Coining by Elastic—Plastic Finite Element Method
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Synopsis

: The surface roughness of cold rolied steel sheet is an important quality because it affects the press formability and image clarity after coating

of steel sheet. The surface roughness is obtained by imprinting a roll surface onto a steel sheet surface in temper rolling process with or with-
out Iubricant. In the recent paper, we demonstrated that the surface imprinting is greatly affected by dull-finishing methods and lubricants
using laboratory scale 4-high rolling mills. Various numerical analyses of surface imprinting have been performed, however imprinting mech-
anism has not been clarified. Because the roll surface textures depend on roll surface finishing methods and the deformation behaviors of
rolled material are complicated.

In this paper, sheet coining analysis by three dimensional elastic—plastic finite element method have been conducted to clarify the effects of
roll surface texture and lubrication state on surface imprinting. Then, the results are compared with those obtained by temper rolling experi-
ments, as follows: The tool of modeling the electric-discharged dull roll results in a better surface imprinting than the tool of modeling the
shot dull roll. A small friction coefficient between the tool and the steel are results in better surface imprinting. This indicate that agree with
the soluble lubricant with small friction coefficient is better surface imprinting than dry condition in the rolling experiment. Those results

from the 3D FEM analysis agree with those obtain in the rolling experiment.
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Fig. 1. Surface profiles of SD roll and ED roll.
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Fig. 2. Material ratio curves of the surface of SD roll and
ED roll.
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(¢) Cross-sectional profile of surface roughness model 2

(d) Cross-sectional profile of surface roughness model 3

Fig. 3. The surface profiles of tools in FEM analysis.
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Fig. 4. Material ratio curves of the tool's surface.

800
S 600
o
2
2
o 400
®
o
E 200
0 .
0 002 004 006 008 01

True strain

Fig. 5. Stress strain curve of high carbon steel sheet.
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Fig. 6. Distribution of equivalent strain of steel sheet after calculation (1£0.1).
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Fig. 7. Distribution of equivalent strain of the steel sheet surface (reduction 1%, ££0.1).
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Fig. 8. Material ratio curves of tools and steel sheets surface roughness (1£0.1).
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Fig. 9. Distribution of equivalent strain of steel sheet surface (model 1, reduction 3%).

THAEFEHLZ & 20, RO LEIED§ A5 % Fig. 9 THINREERE O LS O-F AR E V, RICHFEREREH X
DR, FEERE0.1 5 K UBEELRE 0.5 DE&M T Otk DB EIER % Fig. 101283, BEEMRE0.5 TOHMERE D
HOBRKOT AL, ThEhe, =0605% 8, =0487Th Rzld, ETH#1% & 3% TZREN5.0umB LT82um T
%, BEEFRE0.1DEAT, BEEARE0.512< 5 NAWEEH bH5b, FEEREKITOFMKERDORZIT, ETE1%

32



20

«------ Tool profile
—=&— Redution 1%
—0— Redution 3%

Height (¢ m)
>

ﬂTooI‘s peak

0 20 40 60 80
Rmr{c) (%)
(@) 0.1

100

WPV IRERRIC & 5 EFINTROZEEE R T

20
------ Tool profile
—&— Redution 1%

| —O— Redution 3%

Height (1t m)
>

Tool's peak

0 20 40 60 80
Rmr(c) (%)
) 1 0.5

100

Fig. 10. Material ratio curves of tools and steel sheets surface roughness (Model 1).
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Table 1. Rolling conditions.

Mill type 4-high
Work roll Material SuJ2
Diameter (mm) [131~133
Hardness Hs ED roll; 83
SD roll; 89
Ra (¢ m) ED roll; 1.5~1.6
SD roll; 1.2~1.3
Back up roll |Material SuJ2
Diameter (mm) [200
Hardness Hs 85
Ra (£ m) 0.25
Roll speed (m/min) 50
Reduction (%) 1~4
Tension (MPa) Entry; 32.4
Delivery; 47.1
Lubricant o
temperature C) 35
100
=
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Fig. 11. Comparison of imprinting ratio between cal. re-
sults and exp. results (¢0.1, Soluble lubricant).
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Fig. 12. Comparison of imprinting ratio between cal. re-
sults and exp. results (model 1, SD roll).
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