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Abstract. This paper aims to demonstrate the interest of the Dual Mesh method in the case of incremental forming 

simulation. This technics offers the quality of results obtained with very fine mesh at a cost corresponding to a coarser 

one. The first section describes the method. In a second one, we demonstrate the method effectiveness by comparing 

DualMesh and traditional FEM both in terms of obtained results and requested computational time on two relatively 

simple examples. A large speed-up is obtained without compromising on quality result. In a third section, we apply the 

method to two more complex cases which would have been difficult to achieve without such a technique.  
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INTRODUCTION 

Incremental forming is at the basis of the forging technique. For some obvious reasons of human limited force, 

blacksmiths used to give many blows to achieve the forming of metal pieces. Nowadays, presses have replaced 

human arms but some limitations remain and incremental forming is still the topic of a large R&D activity. The 

objective can be either to limit the needed force and tool size or to increase the level of deformation sustainable by 

the deformed material.  

From the simulation point of view, incremental forming is an interesting challenge. It implies first to be able to 

manage more complex die kinematics including some manipulators used to maintain the part during each blow and 

move it in-between but this point can be easily overcome. It also implies that the number of time steps to correctly 

describe the die path and part deformation is dramatically increased with obvious consequences on computation 

time. A typical solution would be to use coarser mesh and/or explicit solver but both these options are incompatible 

with the precision expected. Parallel computation obviously contributes [2] but is not enough.   

An alternative is to try to benefit from one of the specificities of such a process: i.e. the localized deformation 

and adapt the mesh to the situation. The drawback of such a method is that, as the deformation area moves, the fine 

mesh area has to follow which implies some de-refinement and correlated loss of precision. 

The Dual mesh technics enables to get the efficiency of an adapted mesh combined with the precision of a 

uniformly fine mesh. 

The goal of this paper is to illustrate the benefit of this technic. After a brief description of the method, we will 

check the gain in terms of computational efficiency, then the quality of the obtained results and, to conclude, how it 

can be applied to real-life complex examples which could be hardly computed without it. 

 

BRIEF METHOD DESCRIPTION 

The method is described more in details in [1] but generally speaking, the main idea is to separate the mesh 

devoted to computation from the mesh devoted to store the results.  

The user inputs a homogeneous fine mesh and the software will automatically derive an adapted mesh by de-

refining the mesh out of the deformation area. In the deformation area, the mesh remains the same. The solution will 

be computed on the adapted mesh and interpolated on the fine mesh. The adapted mesh having less nodes and 

elements, computation time will be shorter. In the deformation area, as the meshes are identical, interpolation is 

strictly error free and elsewhere, as there are only rigid body movements, interpolation is almost error free. From 

this solution, regular updating marching scheme algorithm may be applied to update both meshes and associated 

results (strain, stress, ...) as well. Thermal equation is solved on the fine mesh. The gain of the method depends on 

how efficient the de-refinement is. Often this point is constrained by the necessity to keep a good description of 

geometry details. When the deformation area moves, a new adapted mesh is regenerated automatically. 

If the fine mesh needs to be re-meshed, a new adapted mesh is rebuilt as well. 



In the comparisons presented below, the Dual mesh computation has been done using a ‘fine mesh’, the mesh of 

the traditional computation. All the other parameters have been kept identical. 

COMPUTATIONAL EFFICIENCY 

To evaluate the computational efficiency, we have selected 2 very different cases. The first one is a typical 

forging machine example. The machine is made of 4 hydraulic hammers moving up and down. Between each blow, 

the bar is rotated by a specified angle and moved along the machine axis (see Figure 1a and 1b).  

  
FIGURE 1A.  Initial Situation FIGURE 1B.  Final Situation 

 
One of the purposes to do such a simulation is to predict the metallurgical situation at the end of the forging. To 

achieve that, mesh has to be fine enough to enable precise thermal computations. To evaluate the gain of the 

method, the computation has been launched with and without using Dual Mesh feature on a 12 cores machine. 

DualMesh computation has been 7.4 faster. 

The above presented example corresponds to a relatively bulky part, and then, one can imagine that de-

refinement can be effective. To test the method in a less favorable situation, we have selected a 'deep drawing type' 

example. The forming tool is a kind of finger with a rotational movement combined with linear displacement. 

Figure 2a displays initial, intermediate and final situations. Figure 2b shows the adapted mesh at the beginning and 

at some intermediate stage. To get some results in the thickness, we have decided to use a mesh with 3 to 4 elements 

in the thickness. In order to deal with the part shape factor, we have used an anisotropy meshing factor of 2 and 

obtained a 500000 elements fine mesh (Figure 2c). The adapted mesh ranges from 60000 to 120000 elements 

towards the simulation (Figure 2b). As the shape becomes more complex, it is not very surprising to see that the 

adapted mesh has to retain more elements to keep a good geometry control. 

 

 

 

 
FIGURE 2A.  Process description FIGURE 2B.  Mechanical mesh FIGURE 2C.  Zoom on mesh 

 

We have compared the traditional computation (blue in Figure 3, with Dual Mesh in similar conditions (same 

hardware, same input remeshing option excepted). To better demonstrate the technic interest, we have also used 

usual adaptive re-meshing (in green). In this last case, mesh is coarsened far from the die but there is no associated 

fine mesh to keep results. We have tried to adjust coarsening factor to have computation time comparable with Dual 

Mesh (red). We didn’t achieve it exactly but the match is good enough for our purpose. 



 
FIGURE 3.  CPU time comparison as a function of process time 

 

The traditional fine mesh computation has been interrupted before the end because it was simply too long. Figure 

3 shows that DualMesh is about 10 times faster than traditional fine mesh. 

RESULT QUALITY 

Obtaining faster computation time (factor of 7 or 10) is good but not enough and could be obtained with 

traditional FEM just using a mesh coarse enough. Our goal here is to prove that this gain is obtained without 

compromising with the quality. For both the cases presented above we have compared traditional fine mesh results 

with the one obtained with DualMesh. Ideally, results should be similar. First comparison is done on Forging Force. 

Vertical axis is force in 4A and 4B while horizontal axis is time in 4A and computation steps in 4B. In both cases, 

red corresponds to Dual Mesh while blue is traditional fine mesh. In 4A, we just display the graph corresponding to 

4 blows (58 in total) because on full graph, peaks are to close one from each other and nothing can be seen. 

 

 

 
FIGURE 4A.  Forging force vs process time on 4 blows 

of the cogging example. 

FIGURE 4B.  Forging force vs computation steps on 

deep drawing example. 

 

On cogging example, forces are so close that it is difficult to see one curve from another. On the deep drawing 

example, DualMesh shows some small oscillations created by the rebuild of the adapted mesh linked with the 

forming die displacement. Even if oscillations are obvious, they remain within engineering tolerance. 

Force is a global result, so having a good match is easy. Local distribution is usually trickier. Figure 5A displays 

the strain distribution in both traditional fine mesh and dual mesh computation at the end of the cogging simulation 

(see Figure1). The very typical helicoidal pattern created by the rotation and displacement combination of the bare is 

the same. Figure 5B displays temperature distribution in cross section. Once again, results are very similar which 

was the objective. 

 



 

 

FIGURE 5A.  Strain distribution comparison FIGURE 5A.  Temperature distribution comparison 

 

In the case of the Deep drawing example, Figure 6A and 6B display thickness distribution and first principal 

stress in a section in both Dual Mesh and traditional fine mesh situation. Here again, the goal, which is achieved, is 

to have Dual mesh results similar to fine mesh results. To give a comparison point, Figure 7 displays results obtained 

with more usual adaptive remeshing strategy. The mesh is coarsened with a strategy similar to the one used in Dual 

Mesh but there is no associated fine mesh to keep results in the coarsened area. 

 

 

 
FIGURE 6A.  Thickness distribution FIGURE 6B.  First principal stress distribution 

 

Even if computation time was longer, results presented below are not as good as the one in Figure 6. 

Interpolation errors related to the numerous re-meshing lead to “not-so-clean” thickness distribution and slightly 

different stresses. 

 

  
FIGURE 7A.  Thickness distribution after 200 remeshings FIGURE 7A.  Principal Stress profile 

 



APPLICATION TO MORE COMPLEX EXAMPLES 

Becking/Saddling example 

The objective here is to increase inner diameter of a very large tube. It is done by reducing incrementally the wall 

thickness. Upper dies move up and down to reduce thickness while the mandrel is in continuous rotation on itself. 

When the upper die leaves the contact, friction on the mandrel is big enough to rotate the part and then update the 

area where the thickness will be reduced. 

 
 

FIGURE 8A.  Initial situation FIGURE 8B.  Final situation 

 

This example combines many difficulties, long process time with the associated large number of time steps 

(about 10000 in this case), free surface, poor contact, almost rigid body movement during the rotation phases with 

the associated possible convergence difficulties. Even if the shape ratio is not very favorable and limits the 

coarsening, decrease of elements number leads to a speed up of 3 making possible to achieve such a computation in 

20 hours. In this case, again, results with and without this Dual Mesh technic are very similar. For instance Force 

evolution and strain distribution comparisons can be seen on Figure 9. 

 

  
 

FIGURE 9A.  Strain without 

Dual Mesh 

FIGURE 9B.  Strain with Dual 

Mesh 

FIGURE 9C.  Force comparison (Which one 

is the Dual Mesh result?) 

Rotary swaging example 

This last example has been selected to demonstrate the capability of the method in case of large distributed 

deformation and complex shape. Figure 10A and 10B display process as well as initial and final shapes. 

 



   
FIGURE 10: Initial , Final geometries, Process and deformation area 

 

The part (red) lies on a mandrel (blue) while being moved by the manipulator (yellow) to make sure deformation 

is given everywhere. At the same time, four hammers (green) are moving forward and backward in the part direction 

giving synchronous blows with strokes varying with the blow number. In this case, the number of blows (about 250) 

and the mesh size (1 to 3 million of elements) compatible with the expected precision of the groove filing prediction 

makes the computation very challenging. It was then very tempting  to use the fact that deformation is given in a 

localized area (pink square in Figure 10) and to apply Dual Mesh technic. 

 

In this example, adapted mesh had in average 3 time less nodes and elements than the corresponding fine mesh. 

According to typical CPU vs. node number dependency observed in 3D with iterative solver (n
3/2

), we can guess a 

computation time reduction of 5 or 6 versus traditional fine mesh. 

The mesh refinement which can be seen on Figure 11A makes possible to obtain very smooth results. The 

regularity and repeatability of the deformation pattern obtained without any trick of structured mesh or symmetry is 

another indicator of the solution quality. 

  
 

FIGURE 11: Mesh in cross section, temperature and strain distribution 

 

CONCLUSION 

Dual Mesh technic has been applied here to four very different situations. The three first examples have been 

used to demonstrate that important speed-up versus traditional fine mesh could be obtained without any noticeable 

changes in the results. The last example is different. Traditional fine mesh computation is more or less out of reach. 

To judge the quality, we have to rely on the smoothness and repeatability of patterns results.  

The technic is also fully compatible with parallel computation. For instance, moving on the first example from 6 

to 24 cores provides a speed-up factor of 3 on the top of the gain already given by the method. 
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