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

During the preceding period, the optimization techniques which were investigated 
concerning the process parameters influence on the part bending, had been 
developped. The algorithms developed in Abaqus F.E. code have been coupled with 
the solid C.A.D. modeler Solidworks. 
 
The study is concerned with process optimization in view of springback 
minimization. 
 
The main function to be optimized is the springback induced by the bending. 
In the following, an experimental study concerning the springback evolution is carried 
out. 
Specimens with a central enlarged hole were blanked out from a sheet, after what 
they were bent in a mechanical press. 
 

1- Experimental device for bending the specimens 
 

A lot of specimens were bent (140) and all 
corresponding punch forces were analysed. 

 
 
 
Figure 1- Press, specimen and machine tools 

 
 
       
 

2- Experimental device for springback measure 
 

The springback angle is measured on a profile 
projection device. 

 
 
 

Figure 2- Bent specimen profile projection 
 
 

 
 

3- Numerical modeling of the bending operation for specimen 
The objective function is the springback angle θ. The process parameters are the 
design variables J  and R , the relative clearance between the blank and the tools 
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and the relative die radius. The goal is to minimize the the springback value. The 
optimization problem reads : 

Minimize  θ( J , R )                                 with     
t
r

R
t
c

J d== ;  

subjected to the following constraints : 
rmini < rd < rMaxi  ;  Jmini < c < JMaxi  
c is the clearance and rd is the die radius. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3- Part and process modeling by F.E.  
 

 4- Response surface methodology 
The surface response method is used in order to optimise the springback 

angle. The approximation is chosen in the fourth order polynomial form: 
 
 

 
 
The x i are the process parameters. They are determined by means of a Design of 
Experiments matrix build with: 
Ø the experimental results in a first stage 
Ø the numerical results in a second stage 
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Contours plots 
 

Figures 4- Experimental (a2,a3) and numerical (b2,b3) results 
 
In the figures the surface responses are quite similar but the results are under 
estimated by the numerical calculations. In view of the over estimated numerical 
value of the punching force, not presented here, the material seems to be to much 
hard. This is perhaps due to a under estimation of the material damage wich is 
accounted for in the simulation. 
Plots (a3,b3) are the contour lines of the response surfaces. 
In that case, the functions are smooth and the minimum value of the springback 
angle is easily found by a direct differentiation. 
 
A comparison between experimental results and numerical predictions is found in 
figure 5 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5- Comparison numerical/experimental results for a clearance of 0 mm. 
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