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6. Progress within the reporting period 
(Not exceeding 3 pages, including tables and Figures) 

During the preceding period, some optimization techniques were investigated in 
conjunction with the identification of the process parameters happening in the 
optimization of the bending stage. The work during the last 6 months was devoted to 
the implementation and feasibility of particulars algorithms developed in Abaqus F.E. 
code. We formerly study the behavior of flat security parts subjected to tensile forces. 
This is an approximate evaluation of the exact response of the part suddenly 
subjected to a  shock. Next, we submit three parts with different shapes to wiping die 
bending simulation in order to identify the residual stress field and the state of 
damage of the material. 
The main functions to be optimized are the sheet metal residual stresses field and 
the material damage induced by the bending. 
 

1- Algorithmic procedure to optimizing 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1- Algorithmic procedure 
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2- Optimization of flat parts 
The objective function is relied to the shape of the part. The geometrical parameters 
consist in 3 radius which are the design variables. The goal is to minimize the von 
Mises stress and the material damage in the part.   the optimization problem reads : 
 
 
 
 
 
 
 
 
 
 
Figure 2- The three different shapes of the part 
 
Minimize  σv M(R1, r2, R3 ) 
Minimize damage D(R1, r2, R3 ) 
subjected to the following constraints : 
R1mini < R1 < R1Maxi  -  r2mini < r2 < r2Maxi  -  R3mini < R3 < R3Maxi  
D(εpl) ≤ Dcrit  (in order to avoid material failure) 
 

The results given by the simulation according to the above algorithm are 
summarized in the Figure below : 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3– Reduced von Mises stress field 
yield

vM
vM σ

σ
σ =~ . Damage distribution 

 
When changing the shape, it appears that the von Mises stress field and the 

material damage are quite similar for the three parts. 
The surface response method is then used in order to optimise more 

precisely the part shape. The approximation is chosen in the polynomial form : 
 

Von Mises 
stress field 

Damage 
distribution 

R1= ∞ R1= ∞ R1= 60mm 

R3= ∞ R1= 
15mm 

R1= 
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r2 = round hole 
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For example Figure 4, in the case when the radius R1 takes its minimum and maximum 
values, the main geometrical parameter leading to the maximum σvM stress, is the round hole 
r2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4- Surface response of von Mises stress when R1 is fixed 
 
Referring to formula (1), it will be possible now to minimize the stress in mathematical 
form. 
 

3. Wiping die bending  
The three parts were modeled in order to be bent by wiping die bending operation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5- Wiping die bending operation 
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The design parameters are the punch and die radius Rp1 and Rm1 and the clearance 
C1 between the punch and the die. 
In the study, the optimisation procedure for the process optimisation is not yet 
implemented. The first step is to define the residual stress field and material damage. 
 

4. Study of residual stress and material damage after L-bending 
 
The security parts are very sensitive to the bending process as it can be viewed in 
Figure 6. The stresses field show that it remains some residual stresses and 
damage which can influence the further behaviour of the parts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The optimisation would involve such observation but the study remains to be 
done. 
 
In a first stage, an investigation on response surfaces can be carried out to 
characterize the influence of the tool parameters. 

 
5. Response surfaces  
Partial study are shown in the following Figure 7. It concerns the influence of the 

geometrical parameters (design parameters) on the reduced stress 
yield

vM
vM σ

σ
σ =~  

and the material damage field. 
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The Figure 7 shows that the round hole is obviously the main parameter governing 
the stress behaviour of the part. Same noting appear with the material damage field. 
 

6. Future optimisation strategy 
The development of further optimisation strategy is based on the schematic 
algorithm in Figure 8. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8- Optimisation strategy 
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Figure 7- Response Surfaces 1~
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