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Stress and Strain Analysis in Temper Rolling for Thin Steel Sheet by Elastic—Plastic Finite Element Method

Tkuo Y ArRiTA and Masato IToH

Synopsis : The temper rolling is applied to eliminate the stretcher strain, to improve the flatness and to control the surface roughness of rolled-sheet as
the finishing process in cold rolling. However, there are some problems remain in analysis of the temper rolling. The classical rolling theory
based on the rigid plastic theory, can not deal with non-uniform elastic—plastic deformation in the thickness direction, because the deforma-

tion is partly concentrated on the surface layer of the sheet. This paper presents an elastic—plastic finite element analysis of stress and strain

behaviors in plane strain temper rolling for as-annealed mild steel sheet. In the analysis, the upper yield stress, the lower yield stress and yield

point elongation are taken into account for the stress—strain relation of material rolled. For the contact boundary between roll and deforming

material, both slipping and sticking are considered, and the Coulomb friction law is employed to represent the slipping friction. Furthermore,
calculated rolling force by the EP-FEM is compared with that by the classical rolling theory as Karman’s equation and that obtained by a
laboratory scale rolling experiment with bright rolls or dull rolls. As the results, in the case of small friction between roll and deforming

material, the rolling force obtained by Karman’s equation coincide with that by EP-FEM and that by experiment.
Key words: temper rolling; mild steel sheet; elastic—plastic finite element analysis; slab analysis; stress—strain behavior; rolling force.
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Fig. 1. Boundary conditions in temper rolling analysis.
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Fig. 2. Changes of tangential velocity and f;/f, along boundary between deforming material and roll.
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Table 1. Computing conditions in EP-FEM and slab method.

Items Low carbon steel High carbon steel
Young’s modulus E 206GPa 202GPa
Bulk modulus 172GPa 168GPa
Material
ateria Poisson’s ratio v 0.3 0.3
datas EP-FEM:Y Tensile test shown in Fig. 3
Yield stress Yo 298MPa 444MPa
Stab-m: | B 21 36
Y n 0.24 9.24
Initial thickness H, 0.606mm 0.615mm
Reduction r 1.0, 2.0, 4.0, 8.0% 1.0, 2.0, 4.0, 6.0%
Rolli
ofling Roll radius EP-FEM:R Deformed R’s calculated by slab method
conditions Slab-M:R 65mm (Undeformed roll radius)
Coefficient of friction EP-FEM: u 0.1,0.2, 0.3, 0.4 in slipping, and all sticking
Slab-M: u 0.1,0.2,0.3,0.4
EP- Number of element 8x200
Element
FEM Element Dilatation quadrilateral (integration pt.:4)
Slab-M Number of slab 1500
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Y
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Fig. 7. Effect of coefficient of friction on vertical stress calculated by EP-FEM and slab method.
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Table 2. Rolling mill specifications and rolling conditions.

Rolling mill

Mill type 2-high

Roll size ¢ 130mmx160wmm
Roll material sui2
Roll hardness Hs 93° up

Roll roughness

Bright roll: 0.12umRa
Shot dull roll: 4.1ymRa
Electric-discharged roll: 2.5umRa

Load capacity 25 tonf
Rolling speed 4.2 m/min
Rolling condition Tension 0 MPa

Aimed reduction

1.0, 2.0, 4.0, 6.00r8.0%

Dry

Lubrication

Soluble oil (0.69mm2/s at 313K)

Mineral oil (4.21mm2/s at 313K)

6000

0.08C .0.65C
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EDR Sol.
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All sticking
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Fig. 10. Comparison of rolling forces obtained by EP-FEM, slab method and experiment.
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