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A Study on Eulerian Finite Element Analysis for the Steady
State Rolling Process

Y-S Lee*
School of Mechanical & Automotive Engineering, Kookmin University*

Abstract

An Eulerian finite element analysis for the steady state rolling process is addressed. This analysis
combines the crystal plasticity theory for texture development as well as the continuum damage mechanics for
growth of micro voids. Although an Eulerian analysis for steady state rolling has many advantages, it needs an
initial assumption about the shape of control volume. However, the assumed control volume does not match the
final shapes. To effectively predict the correct shape in an assumed control volume, a free surface correction
algorithm and a streamline technique are introduced. Applications to plate rolling, clad rolling, and shape rolling
will be given and the results will be discussed in detail.

Key words : Rolling, Texture, Damage, Eulerian Finite Element Analysis, Free Surface Correction,
Streamline technique
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Table 1 Used parameters for rolling process

case 1 case 2 case 3 case 4
roll radius (mm) 67.0 19.85 15.88 15.88
reduction(%)/pass 30 10 15 10
relative thickness 01 0.4 05 0.5
initial thickness (mm) 7.94
total reduction (%) 60
friction coeff. (GPa s/m) 100
tangential velocity (m/s) 0.1
material Al-1100
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Fig. 1 Length scales in rolling process model
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(d)

. Fig. 5 Texture evolution in final pass of case2 : (a),(d)-Texture, (b),(c)-Damage+Texture
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Fig. 6 Through-thickness R-values in Case 1 and Case 2
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Fig.7 Changes of yield surface

during plate rolling with

initial random texture.

— initial
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Fig. 8 Schematic of a bar rolling process and Eulerian finite element meshes before and after

free surface correction.
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Fig. 9 Bulge profile at the exit plane for the bar rolling of (a) 10% and (b) 30% reduction
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X

Fig.11 Path lines and cross sectional shapes of seven particles

—

Fig.12 Cu-Al contact profile in an Eulerian mesh before and after correction

using a stream line technique
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Fig.13 Changes of grain shapes during cryogenic rolling at 196K
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