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R E S U M E N 

En este trabajo se presenta el análisis mediante Abaqus™ CEL (Coupled Eulerian-Lagrangian) para un proceso de rolado 

de un perfil de acero estructural poniendo énfasis en la distribución de esfuerzos y deformaciones, así como en el flujo de 

material y con esto mostrar las ventajas del análisis CEL contra el ALE (Arbitrary Lagrangian-Eulerian) en condiciones 

dinámicas. Para esto se desarrolló un modelo del proceso de fabricación de una viga S, utilizando nueve rodillos con 

diferentes ranuras, considerándolo como isotérmico. Se utilizaron las propiedades de acero Q235 y se definió una sección 

con material dentro de un dominio Euleriano, con el objetivo de evitar la distorsión excesiva de malla que normalmente 

se presenta en los análisis Lagrangianos incluso cuando se utilizan herramientas de remallado. Además, se aplicó un 

escalamiento de velocidad para disminuir el tiempo de computo. Para la validación, la fuerza de rolado obtenida se 

comparó con un modelo experimental de referencia. Como resultado se tiene un flujo de material similar al proceso real, 

y una distribución de esfuerzos y deformaciones adecuada, presentando diferencias en la fuerza de rolado debido al 

escalamiento de velocidad.  

Palabras Clave: Análisis por elemento finito, Modelo acoplado euleriano-lagrangiano, Modelado de procesos de manufactura, Laminado de perfiles 

A B S T R A C T 

In this paper is presented a CEL analysis by Abaqus™ of a structural profile rolling process to study the stress and strain 

distribution as well as material flow, to present the advantages of CEL against ALE analysis under dynamic conditions. 

For this it was developed a model of S-beam manufacture process, divided in nine steps using nine rollers with different 

grooves, considering the process as isothermal. Q235 steel properties were used and a local section of material was 

defined into Eulerian domain, to avoid the excessive mesh distortion obtained in Lagrangian analysis even using 

remeshing tools. Finally, it was applied speed scaling due to high computational cost. For validation, the obtained rolling 

force was compared with a reference experimental value. Resulting in a material flow similar to real process, and a 

suitable stress and strain distribution, presenting rolling force differences due to model simplifications, especially by speed 

scaling.  
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1. Introducción  

The numerical simulations in forming industry have 

increased considerably, because they allow to reduce 

production costs. Majority of shape rolling process 

simulations have been developed by finite element software 

using Arbitrary Lagrangian Eulerian method (ALE), 

obtaining accurate thermo-mechanical analysis in several 

cases. ALE method is an adaptive mesh process and it is 

used as a tool to control the distortion of the elements under 

large deformations. 

In 2000, Komori et al. [1] presented a model of H-shape 

rolling in 20 steps. It was analyzed strain and temperature 

distribution along the process. It was obtained that strain 

magnitude was lower in flange edge, while it was higher in 

profile center (Fig. 1). Also, it was determined that, 

universal mills rolling force and torque decreased for the 

horizontal roll if the number of steps were increased. 

 

 
Figure 1 - Strain distribution in Komori’s model [1]. 
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In 2002, Kim et al. [2] presented a model of H-shape 

rolling (Fig. 2). In this model was analyzed mesh distortion 

and temperature distribution. It was obtained that 

temperature into the deformed billet was higher between 

roll-billet interface due to heat generation resulted of plastic 

strain and friction. This paper showed friction and roll 

spacing importance to the force required to deform the billet. 

If the cooling step between two reductions is considered, the 

temperature effect is no longer negligible, and it is necessary 

to consider it. 

 

 
Figure 2 - Mesh distortion in Kim’s model [2] 

 

Qingqiang et al. [3] in 2013, presented a model using 

ALE methodology (Fig. 3), the model showed a strain 

analysis, temperature distribution and austenitic grain size 

evolution throughout the process. 

  

 
Figure 3 - S-Beam by Qingqiang’s model [3] 

Besides ALE methodology also exists the Coupled 

Eulerian-Lagrangian method (CEL). Which has been used 

to solve problems involving fluid-structure contact, 

presenting advantages over traditional solid analysis, mainly 

in plastic deformation models [4]. CEL analysis allows both 

kind of elements (Lagrangian and Eulerian) in the same 

model, then the region that will present large deformations 

could be defined as Eulerian since it has a permanent mesh 

and the material moves through the elements, then the nodes 

do not move during the process and there is not distortion of 

the mesh. 

CEL method has had different kind of applications such 

as bird strike in aircraft structures damage analysis [5], wave 

impacts in composite structures [6], fluids in pipes [7] and 

geotechnical problems such as pile driving [8]. Some 

applications of CEL method in mechanical forming 

processes have been presented in previous papers like: 

reverse extrusion model [9], a gravity casting model based 

on a benchmark test [10,11], an orthogonal cutting process 

simulation [12,13], a double-die extrusion process 

simulation [4] and a rolling process simulation [14] 

obtaining accurate results. 

 

So, in this paper was modeled by Abaqus™, a S-beam 

forming process using CEL method, comparing the results 

with the Qingqiang ones [3], who replicates an industrial 

forming process and modeled by FEM software. The 

importance of this is to show the advantages of using CEL 

method as a tool to model manufacture processes that imply 

large plastic deformation and in consequence mesh 

distortion.   

 
 

2. Modeling methodology 

 

This forming process was divided in 9 steps (reductions) and 

there were used 4 rollers with different grooves located 

along the production line. Considering them as isothermal, 

without heat transfer. For symmetry and computer capacity, 

it was modeled only ¼ of the original model. Added it was 

considerate only 10 % of the initial length of the material 

(0.5 m) and a speed scaling factor to increase 5 times real 

speeds. 

2.1. Geometries 

Material was modeled as a 3D Eulerian solid part, 

considering two planes of symmetry and several partitions 

to establish regions filled of material and regions where the 

material will move during the simulation. The rollers were 

modeled as rigid bodies. The roller a (Fig. 4) is responsible 

of performing the first two steps; roller b (Fig. 5) performs 

steps 3, 4, 5 and 6; the roller c (Fig. 6) steps 7 and 8; the last 

step is performed by the roller d (Fig. 7). To develop 

different reductions (steps) with the same roller, there were 

assembled in a different relative position to the deformed 

material. At the assembly, the rollers were distributed along 

the Eulerian domain as shown in Fig. 8. 
 

  
 

Figure 4 – Roller a, geometry and dimensions m 
 

 

 
Figure 5 – Roller b, geometry and dimensions m 
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Figure 6 – Roller c, geometry and dimensions m 

 

 
Figure 7 – Roller d, geometry and dimensions m 

 

 

 

 
Figure 8 - Final assembly and rolling steps. 

 

The material shown in magenta (Fig. 9) was defined 

within the Eulerian domain by partitions. The material 

dimensions were 0.3 m × 0.1875m × 0.12 m. The rest of 

green regions are empty of material but this material during 

the simulation could pass through them. 
 

 

 
Figure 9 - Material defined within of Eulerian domain. 

 

2.2. Material properties. 

Properties of Q235 steel at a temperature of 1300°C were 

used. The density is 7833 kg/m3, the elastic properties were 

defined according to Young’s modulus of 110 GPa and 

Poisson's ratio 0.33 [3]. For plastic behavior, the data in Fig. 

10 were used. In Abaqus™ this region could be defined 

point by point from stress-strain curve. 

.  

 

Figure 10 - Stress-strain curve for Q235 steel [3]. 

 

2.3. Process parameters. 

The friction coefficient between the rollers and the material 

was defined as [3]: 

4 21.05 5 10 5.6 10f T v− −= −  −   (1) 

where T  is the billet temperature in °C and v  is the rolling 

speed in m/s, thus a Coulomb´s friction coefficient of 0.4 

was obtained. It was used for this analysis the option of 

general contact to simulate the interaction between the 

rollers and the material. 

Due to excessive computation time it was applied a speed 

scaling factor, 5 times real speed. In Table 1 is showed the 

speeds and gaps for each of the nine steps simulated. 

 

Table 1 Process parameters of S-beam in nine steps 

 

 

Step 

 

 

Roller 

 

 

Gap 

mm 

Factor 5 

Angular speed 

of rollers 

RPM 

Speed of 

billet 

m/s 

1 1 147 240.5 15 

2 1 82 369.5 15 

3 2 122 278.5 15 

4 2 72 338 15 

5 2 37 340.1 15 

6 2 12 343 15 

7 3 20 330.5 15 

8 3 12 330.5 15 

9 4 12 322 15 

 

To prevent material flow from outside the Eulerian 

domain were applied conditions of zero speed 

perpendicularly to the side faces of the material. It was 



 MEMORIAS DEL XXV CONGRESO INTERNACIONAL ANUAL DE LA SOMIM 
18 al 20 DE SEPTIEMBRE DE 2019 MAZATLÁN, SINALOA, MÉXICO 

 

assigned a reference node to each of the rollers, in order to 

restrict rotation, ensuring rollers stability. 

 

2.4. Mesh 

The Eulerian mesh extends along the material and beyond 

its borders, giving the material a larger space at which it can 

move and deform. If any portion of the material moves out 

of mesh is omitted of simulation [15]. The Eulerian elements 

used for meshing were 8 node linear brick, multimaterial, 

reduced integration with hourglass control (EC3D8R) and to 

determine the appropriate element size were performed 

several experiments to observe the effect they had on the 

final geometry. It was obtained a minimum size for the mesh 

elements of 0.006 m, since, if the element had a greater size 

than the roll gap the material was unable to flow through. 

The rollers were meshed with elements size of 0.05 m as 

shown in Fig. 11. 

 
Figure 11 - Rollers meshing a) roller a, b) roller b, c) roller c and d) 

roller d. 

 

The number of elements was reduced by a coarser mesh 

in the domain boundaries, leaving a uniform mesh in the 

region where material was defined, as shown in Fig. 12. The 

total number of elements in the model was 1,792,793. 

 

 
Figure 12 - Detail of mesh domain. 

 

 

According to the previously mentioned conditions the 

computed time was 249 hours in a eight processors computer 

(3.4 GHz and 16 Gb RAM). To generate a model at the real 

speed of the process, with the same conditions it would take 

approximately 1245 hours which is equivalent to 51 days of 

calculation. 

 

3. Results and analysis 

Fig. 13 shows the comparison between the final geometry 

obtained by CEL methodology and the geometry obtained 

by Qingqiang [3] using a Lagrangian method. It is 

appreciated that the first one presents a more uniform 

geometry compared with the Lagrangian, also eliminates the 

widening on the sides of the beam. 

 

a)                               b)   

Figure 13 - Comparison between rolled pieces a) CEL and b) 

Lagrangian [3]. 
 

3.1. Strain distribution.  

Fig. 14A shows the contact area with the first roller, this area 

has a maximum strain value, being very punctual. Fig. 14B 

shows an increasing of the contact area, presenting more 

homogeneous values below maximum allowable strain. On 

the other hand, in Fig. 14C initiates the material delay at the 

bottom and side of the beam part, due to the material re-

distribution caused by the roller advancement, this delay 

increases during the following steps (Fig. 14D), until the 

sixth step where the material delay (Fig. 14E) stops and 

remains constant in subsequent steps. This behavior is like 

the real process, in which both ends of the beam are cut 

because the material has non-uniform deformation, and only 

the central part of the beam is preserved. In Fig. 14F a 

material buildup caused by the roller advancement, it is 

subsequently redistributed by the roller and is presented in 

lesser amounts in subsequent steps (Fig. 14G and Fig. 14H), 

because there is a lower reduction. 
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First step Second step 

  
Third step Fourth step 

  
Fifth step Sixth step 

  
Seventh step Eighth step 

  
Nineth step 

  
Figure 14 - Strain distribution at 15 m/s 

 

3.2. Stress distribution. 

In Fig. 15A and 15E are showed areas where the geometry 

is distorted at the first and last rolling step, indicating the 

need to reduce the mesh size in the material in order to avoid 

these regions. It is appreciated that the greatest reduction 

occurs between steps three and four (Fig. 15B and 15C). 

Among these steps is carried out an approximate 20% of 

reduction. It is also noted that inside the beam has a lower 

stress level than sides, because in that area the roller presents 

a lower pressure (15D). During the early steps due to the 

initial length of the part, all the regions show an increase of 

the stress level caused by the roller contact, while in 

subsequent steps, with the increasing of the piece length, this 

event gets more localized. 

 

 

 

 

First step Second step 

 
 

Third step Fourth step 

 
 

Fifth step Sixth step 

 
 

Seventh step Eighth step 

 
 

Nineth step  

 

 

Figure 15 - Stress distribution at 15 m/s 

 

3.3. Material Flow. 

The material flow behavior is showed in Fig. 16, following 

the path marked by the roller during third step, the material 

compression and redistribution. In Fig. 16A it is observed 

that the material begins to flow in different directions due to 

roll advancement. While in Fig. 16B flow change due to 

material compression, the latter has a speed change, which 

is observed as an increase in the number of vectors. Finally, 

it is shown the presence of a homogeneous flow at the exit 
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of the roller (Fig. 16C), because the output speed is the same 

for all material. 

 
Figure 16 - Material flow in third step. 

 

The material flow is shown in Fig. 17. In this figure is 

observed the speed change during the fourth step, red arrows 

represent the velocity vectors of the material that is in 

contact with the roller, these show an increase of 25% of the 

initial rate. Furthermore, the direction is parallel to the 

advance direction of the rollers. This behavior coincides 

with the expected. 

 
Figure 17 - Material flow during the fourth step. 

3.4. Rolling Force. 

The reaction forces for each roller were obtained in the 

model. The maximum force value was 450 tons. Obtaining 

values below expectations when they are compared with 

experimental measures made by Qingqiang [3]. During the 

last step the highest error is observed 77%. The average error 

of rolling force is 29%. 

 
Figure 18 – Reaction force comparison for each step between CEL 

model and Qingqiang experimental measures. 

The differences of the obtained data could be associated 

to speed scaling used to reduce the computation time. In 

addition, it was not considered thermo-mechanical 

conditions that could help to obtain better results. 

 

 

4. Conclusions 

It was observed that the maximum strain value in the 

material is dependent of the processing speed, in this paper 

the strain values were higher than expected. Then, it was 

established that the best way to obtain the real strain values 

is to simulate the process at real speed. 

During the contact with the roller, the material showed 

the greatest level of stress, after that it was noted a stress 

relaxation. 

It was observed that material increases its velocity 25% 

when it contacts the rollers, thereby obtaining a similar 

behavior as the real process. 

Speed scaling and multiple simplifications associated 

directly with the model, affects the rolling force, having 

approximately 30% error using a speed scaling of 15 m/s 

with respect to the measured values. Consider the 

temperature would be an important factor in this case, due 

to the dependence related to the friction.  

In this way a first model is planted as an approach to the 

scope of the CEL methodology, then this model establishes 

the need to simulate the process with the appropriate 

conditions, eliminating the speed scaling. 

This work presents only a first stage and leaves a guide 

for a later analysis in which will seek the validation of this 

model, allowing in the long term a better performance and 

more accurate results in the shape rolling modeling and 

allowing to model more complex profiles.  
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