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6. Progress within the reporting period 
The project concerns the optimisation of security parts in automotive industry. 
During the previous period, the optimization techniques concerning the part shape and the process 
parameters influencing the part bending, were developed. The optimisation algorithms are now based 
on Abaqus F.E. code simulations. 
Design and Analysis of Computer Experiments are developed with the use of Response Surface. The 
optimal process parameters values are found with Moving Least Squares, Evolution Strategies 
methods and Kriging 
 
The study is concerned with the optimization of the bending-process parameters, in view of 
predicting the dynamical behaviour of representative special specimens. 
 
The main functions to be optimized are: (i) the von Mises equivalent stress and (ii) 
the material damage resulting from the bending operation. 
We want to maximise the unbending force corresponding to a sudden shock exerted 
by the security belt on the real security part. A simplification of the real part is 
realised in the form of specimens with a central oblong hole. were blanked out from a 
sheet, after what they were bent in a mechanical press (fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1- Simulation of Unbending Process  
 

1- Objective functions of the Unbending operation and optimisation problem 
The objective function is the unbending load which can be supported by the 
specimen. 
The process parameters are the design variables J  and R , i.e. the relative 
clearance between the blank and the tools and the relative die radius. The goal is to 
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subjected to the following constraints: 
rmini < rd < rMaxi  ;  Jmini < c < JMaxi          (2) 
c is the clearance and rd is the die radius. 
 

2- Unbending force modelling
ABAQUS 3D modelling of the unbending loading allowed for the force evolution 
characterisation, shown in figure 2 below. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2- Unbending force evolution 
 
Two regions are visible: (i) a low force growth corresponding to the straightening of 
the specimen (ii) a quick growth of the force corresponding to a tensile situation 
analogus to a tensile test of a flat specimen. 
 

 2- Response surface methodology
The surface response method is used in order to optimise the objective function 

unbF . The approximation are fourth order polynomials: 
 
 
                                                                                                                                (2) 
xi are the process parameters. They are determined by means of a full matrix of 
Design of Experiments resulting from the numerical F.E. simulations. 
The results are reported on figure 3 
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Figure 3- Relative force evolutions vs die radius and clearance (a) 
               Response surface (b)  
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The optimum point is clearly identified on figure 3b. The minimum value corresponds 
to a specimen bending with a die radius of 1mm which induces a high material 
damage value and macro cracks initiation. 
 

4- Evolution Strategy 
In ES's, a population of individuals is created with � parents and � children. Each 
individual is represented by a vector X with n real components xk representing its 
genotype (X∈ℜn) and the population evolves according to the operations of selection, 
mutation and cross-over. (see HYReport 6) 
The optimum is reached when the objective function is maximum. 
 

5- Results of the optimisation 
5.1- Unbending force maximisation 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3- Force maximisation with E.S (a) Reduced force (b) process parameters 
 
The functions evaluations and the parameters evolutions can be shown on figure 3. It
Is seen that the optimum is reached after few iterations. Its value is 1.3286 and the 
process parameters are valued : R = 0.1; J  = 1.3336 . This can be compared to the 
values given in figure 3b. There are quite the same. 
 

6- Conclusion 
The prediction of the unbending process in terms of process parameters are 
predicted by means of two optimisation techniques: the Response Surface method 
and an Evolution Strategy. The two methods lead to the same results but it was 
found that the predictions are dependent on the choice of the polynomial oder and 
errors estimates in each method. 
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