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6. Progress within the reporting period 
(Not exceeding 3 pages, including tables and figures) 
 
WP4: Optimization with Incremental approach:  industrial application 
 
The simulation + optimization approaches developed in the previous period (1-1-04 to 30-06-04) are 
applied to an industrial problem : the front door panel of Numisheet 1999. 
The goal is to control the movement of the blank under the blankholder. Thanks to a deformable 
flexible blankholder, it is possible to create some independent zones. In each zone, a blankholder 
force can be applied on the sheet, so that a strong force can hold the blank in a zone, and a smaller 
one can let it move in another zone.  
 

 
The front door panel benchmark of Numisheet’99 [1] is considered (FIGURE 1). The numerical 
simulations are performed using ABAQUS Explicit. The parameters of the finite element model (mesh 
density, speed of punch) are set to achieve a good prediction with a minimum simulation time. 
The numerical simulation is carried out in three stages (gravity, holding and forming). The blanks are 
meshed by shell elements with reduced integration (68738 quadrangles and 12 triangles for the 
blank). The tools are modeled with 4-node and 3-node, three-dimensional discrete rigid surface 
elements (type R3D4 and R3D3). The speed of the punch is set to 1.35m/s for the simulation. Those 
parameters (mesh, punch speed) allow a quick simulation (average of 13h for the forming step on a 
Xeon 3 Ghz with 3Go RAM, Windows XP). They have been selected after several runs to evaluate 
their influence on total CPU time and precision in results.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1.  Blankholder zones. 
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Comparison with experimental results 
 
Experimental results are available for benchmark tests carried out on three materials: Mild steel DDQ, 
Bake hardening steel BH220 and Aluminuim 6016T4. In this work, the simulation corresponding to the 
mild steel specimen was carried out.  

FIGURE 2 shows the distribution of the thickness along the section defined by the equation X=-15 
mm. Our result is in agreement with the experiment result. The shift between our result and 
experimental result around x ≈ -380 mm and x ≈ 380 mm is caused by drawbeads which are not 
modeled. FIGURE 3 shows the major strain distribution along the same section. Results are also in 
agreement with the experimental ones, unless in the blankholder regions where drawbeads affect the 
material flow. Our numerical results are also in agreement with the available results obtained by other 
researchers and published in the proceeding of Numisheet’99. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Optimization and control of the blankholder force  
 
 
The formulation of the problem was presented in the previous report; the design variables are the 
blank holding forces (BHFi). Seven zones of holding are defined (Figure 1) and for each zone the 
force is considered as constant during the forming stage. The objective function is linked to the energy 
consumed by the forming process, and constraints are defined to avoid necking and wrinkling. 
 

Moving least squares response surfaces are used to approximate objective and constraint 
functions, and a SQP algorithm finds the solution of this approximate problem. The domain is then 
adapted to focus on the last solution obtained and to improve the accuracy. This strategy allows to 
limit the number of process simulations.  

A central composite design experiment was applied. Indeed, for  independent variables, the 
central composite design requires 

n
1n22n ++  function evaluations:  factorial designs augmented by 

 axial points and one centre point. Thus, for seven blank holder forces 143 numerical simulations 
are necessary for each design of experiments. To reduce the number of evaluations we chose to solve 
the optimization problem in two stages (Figure 3.).  

n2
n2

In the first stage, four blankholder forces will be optimized (bh_n°1, bh_n°2, bh_n°3 and bh_n°4). 
The blankholder (5, 6 and 7) will be replaced by one blankholder with a force to 100 kN. In the second 
stage, we continue the optimization only of the three blankholder forces (5, 6 and 7) by using the 
optimum forces obtained in the first stage. 

 

Figure 2 
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Results: 

This application presents significant wrinkles, specially in the zone under the blank holder. Before 
optimization, the maximum angle of inclination is found equal to five degree. For each stage, three 
response surfaces have been necessary to achieve convergence. For each optimization stage the 
optimum solution is carried out after three actualization of the research domain. In Figure 4 we present 
the optimum forces obtained for each blankholder. After optimization we succeed to reduce the 
maximum inclination angle from five to one degree.  

 
In Figure 4 we present the major and minor strain distribution before and after optimization. We 

notice that all the points are below the CLF with a security margin (S=0.015). 

 

 

 

  

 

 

 

Figure  4.  Major and minor strain distribution before and after optimization 

Figure 3. Blankholder forces optimized for each stage 
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These results shows that a satisfactory solution has been found: wrinkles and necking risk are 
reduced. Obviously, the quality of the optimum depends on the choice of the zones where the forces 
are applied and optimized, and also on the optimization strategy (as the seven variables are not taken 
into account simultaneously). This application demonstrates that a constrained optimization problem 
involving incremental simulations and seven design variables can be successfully performed with a 
reasonable number of simulations. 
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