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Abstract. Numerical modeling of longitudinal rolling usually requires high computational power
meanwhile it still takes long time to simulate multi pass process. Different methods for increasing
of accuracy and speed of rolling simulation have being proposed recently. One of them is
simultaneous use of two finite element meshes of different density, i.e. dual mesh method. The
article is dedicated to solving of important problems of rolling technology and presents one example
of rolling simulation in QForm V8 based on dual mesh method.

Introduction

The finite element simulation of longitudinal rolling processes needs special methods to deal
with specific features of material flow and its interaction with tool. Software has not only to
guarantee high accuracy of results and to be able to predict different defects, but also to provide
reasonable solving time. A longitudinal rolling process is characterized by localized deformation
zone, quasi steady-state material flow and by large part of the billet out of deformation zone. For
this reason it makes sense to use special simulation methods. One of such methods is a dual mesh
method [1, 2].

The presented paper describes an idea of dual mesh method as well as comparison of simulation
results with experiments. The deformation of the material across the width is called spread. Spread
1s an important characteristic of longitudinal rolling and it depends on different process parameters
such as grade of deformed material, rolling speed and roll diameter, friction conditions and elastic
deformation of tools, cross section shape and the temperature of a rolled bar [3].

Numerical simulation helps to reduce the process design time and to choose the most optimal
parameters of rolling for getting the necessary spread in all passes.

Description of Simulation Method

A comparison of effective strain distribution in longitudinal section of a rolled bar obtained by
simulation with different densities of the finite element mesh is shown in Fig. 1. As can be expected
the simulation with the finest mesh (adaptation parameter a=5) much more accurately represents the
effective strain distribution.

Therefore, the mesh has to be fine not only in deformation zone but also in the whole volume of
a work piece [4, 5]. Otherwise a significant loss of accuracy inevitably happens particularly for the
temperature gradients, accumulated effective strain and a product deformed shape.
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Fig. 1. Effective strain distribution in longitudinal section of rolled bar with different parameters
of FE mesh density: a — mesh adaptation factor, t — simulation time of the whole process.
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At the same time the fine finite element mesh in the whole product volume significantly slows
down the simulation especially in case of 3D modelling. A dual mesh method is based on
simultaneous use of two tetrahedral finite element meshes having different mesh density
distribution in different parts of the product. The principle of a dual mesh method is shown in
Fig. 2.
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Fig. 2. Principle of a dual mesh method



The geometrical mesh is intended for an accurate description of a deformed body shape, solving
a thermal problem and storing temperature and effective strain distributions. The geometrical mesh
has to be very fine in the whole volume of a rolled product. The mechanical problem is simulated
using another working mesh. The working mesh has to be fine only in a deformation zone. In areas
of the product where the strain-rate is zero the working mesh can be very coarse. The results of
deformation simulation obtained using working mesh are transferred to geometrical mesh for
storing and using for simulation of coupled thermal problem. The densities of work and geometrical
meshes are identical in the deformation zone. So, the data transfer of effective strain to the
geometrical mesh is performed nearly without loss of accuracy.

Thus the dual mesh method allows using a very fine mesh for accurate description of geometry
and thermal fields in the whole volume of a product without significant loss of simulation speed.

Special feature of the dual mesh technique implemented in software QForm V8 is a possibility to
densify mesh automatically due to temperature, strain and flow velocities gradients.

The Description of the Experiment

A cold rolling of an aluminium round bar has been done in the laboratory. The experimental
rolling mill is shown in Fig. 3. A rolling was performed in flat rolls with the diameter of 100 mm
and the length of 80 mm and with the rotation speed of 60 rpm. The billet material is aluminium
Al99.5.
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Fig. 3. Experimental equipment Fig. 4. Rolling passes of a round bar

A rolling of a round bar with the initial diameter of 15 mm to the height of 7 mm was done in 4
passes with the turnings by 90 degrees between the rolling passes. All passes are shown in Fig. 4.
The dimensions of a rolled bar in all 4 passes are shown in Table 1, where /# and b are respectively
the height and the width after each pass. Experimental samples after each pass are presented in
Fig. 5.



Table 1. Experimental results of the longitudinal
rolling of the round bar, here / and b are the
height and the width after each pass
Pass h, b, Ah, Ab,
[mm] | [mm] | [mm] | [mm]
gg 1(7)§ gg ?é Fig. 5. Experimental samples after each pass
7.0 10.5 3.8 1.5
7.0 8.0 3.5 1.0
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The Simulation Results

A cylinder with the length of 150 mm and the diameter of 15 mm was used as an initial
workpiece for simulation. The deformed material was considered as visco-plastic continuum while
the rolls were as rigid bodies. The properties of geometrical mesh are defined by an adaptation
parameter that changes the sizes of all finite elements in inversed proportion. The adaptation of
geometrical mesh was set equal to 5. The properties of a working mesh are defined by elements size
2.5 mm in the whole volume and 1 mm in the deformation zone.

B Mesh properties

Body SurNodes VoINodes  AllNodes SurElems  VolElems
Workpiece 1 3317 7625 10942 6630 59077
Workpiece 1: 1 | 6608 17306 23914 13212 131792
Tool 1 14995 2602 17597 29986 55753
Tool 2 14995 2602 17597 29986 55753
Tool 3 440 68 508 876 1621
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Fig. 6. Simulation of the first pass of longitudinal rolling:
a — geometrical mesh, b — working mesh

For example, in the first rolling pass the working mesh has about 11000 nodes, and the
geometrical mesh — about 24000 nodes. Both meshes are shown in Fig. 6. Simulation of the first
pass using a dual mesh method lasts about 90 minutes. Simulation time of the same problem using
the method with just one mesh having 24000 nodes was about 250 minutes. The effect of simulation
speed increasing comparing to one mesh method is bigger in the case of longer product.

Simulation results when using lubrication friction coefficient u = 0.12 as recommended in [6] are
shown in Fig. 7. The experimental width values bey, are compared with simulated width by in
Table 2. As seen, the simulation has shown the results very close to experiments.



Table 2. Comparison of width after each pass by

simulation in QForm V8 with experimental values: v . '7\ v 1'1 3;?52
h — the height of the bar, A — the difference between the L=ef :“_“"‘
width in experiment bey, and in simulation bgim X : { )]
2
Pass h, [N bsim, A, 1
[mm] | [mm] | [mm] | [%] I ,
1 9.0 17.2 17.3 0.5 ‘ 10.8318 \( 8125689
s
2 9.0 10.8 11.3 | 4.6 i i !
3 7.0 10.5 10.8 | 2.8
4 | 70 | 80 | 83 | 38 3 4

Fig. 7. Width of the workpiece after each
pass obtained in simulation

Summary

To provide good simulation results in longitudinal rolling it is necessary to create a fine finite
element mesh not only in the deformation zone but also in the whole volume of the product. The
dual mesh method implemented in QForm V8 makes it possible to increase a speed of simulation
several times in comparison with the standard single mesh method without loss of accuracy.
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