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During the first period, the identification of the material was investigated. The
reporting period deals with the identification of the material characterization.
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Figure 1- Sheet processing

The main operations inducing the initial modifications of the sheet are shown on
Figure 1. We suppose that the material is in its “virgin” state after straightening and
we start the material identification from that stage.

The main mechanical parameters to be identified are :
The material hardening law

The material damage evolution during loading

1. Material characterization
1.1- Hardening law

The hardening law identification is carried out by tensile tests with electrical gauges.
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Figure 2- Specimen. Tensile test
The material behavior law is then found to be :
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1.2- Material damage identification
Some microscopic observations where performed on the material in order to identify
the metallurgical aspect and the corresponding risks of failure.
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b. Inclusion a cceur alumine couplé
au calcium et au manganése




Figure 3- Type of inclusions into the material matrix

It can be seen in Figure 3 that the inclusions can initiate some cracks leading to the
material damage. The load-unload of the specimen Figure 2 and the measure of the
elastic Young modulus E corresponding to the slopes of the experimental curves lead
to the value of the isotropic damage coefficient D as a function of the plastic strain.
The damage coefficient is calculated by means of the Lemaitre definition :
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Where E(g,)is the Young modulus corresponding to an equivalent plastic strain ¢, .

EO is the Young modulus of the initial unstrained material.
From the curves in Figure 2 it was found that D evolves in the followin
Manner in Figure 4 :
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Figure 4- Damage evolution vs plastic strain.

The damage evolution is quite linear.

1.3- Elasto-plasticity coupled with damage

The basic relationship allowing for the mechanical behavior is obtained in the form of

» Elastic isotropic relation between stress and strain :

0 = (1-D)CL
(3a)

» Yield function coupled with damage :
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» Consistency of the plastic loading :
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2. Implementation in ABAQUS Finite Element code

An incremental formulation was developed and implemented in the F.E. code
Abaqus. The modeling of the blanking process led to the results illustrated in Figure 6
below :
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Figure 6- Blanking of sheet metal using Gurson or Lemaitre damage models.

The feasibility of the sheet processing modeling is then obtained in a satisfying form
and can be used to go ahead in the modeling of the whole process

The influence of the process parameters, punch and die radii and the tool clearance
between punch and die, has been identified; It was found for example, that the
optimal clearance leading to the more accurate blanked profile, is bout 15% of the
sheet thickness.

3. Conclusion

The first stage of the proposed work in COST 526 is then achieved. The identification
of the material characterization and the feasibility of the F.E. modeling of the sheet
metal blanking and bending.

The process parameters have been identified as the punch and die radii and the tool
clearance between punch and die.

7. List of publications
a) Published

HAMBLI R. and POTIRON A., "Evaluation of springback in L-bending processes including damage
effects”, TSS International Conference on Advances in Mechanical Engineering, March 18 - 20, 2002,
Hammamet, Tunisia.

Mkaddem A., Potiron A., Boude S.,"Straightened modification of 0.09% sheet metal carbon steel -
micro hardness characterization in bending process", TSS International Conference on
Advances in Mechanical Engineering , March 18-20, 2002, Hammamet - Tunisia.

Mkaddem A., Hambli R., Badie-Levet D.,"Experimental determination of damage laws for high strength
low alloy E420 HSLA steel using inverse technique”, TSS International Conference on Advances in
Mechanical Engineering , March 18-20, 2002, Hammamet - Tunisia.




Mkaddem A., Potiron A., Lebrun J-L. "Straightening and bending process characterization using
Vickers micro hardness technique”, International Conference of Advanced Technology of Plasticity,
Oct.27-Nov. 31, 2002, Proc. Vol.1- p 631-636 Institute of Industrial science, The University of Tokyo
Komaba - Japan.

b) Submitted for publications

Mkaddem A., Potiron A., Lebrun J-L. "Straightening and bending process characterization using
Vickers micro hardness technique”, International Conference of Advanced Technology of Plasticity,
Oct.27-Nov. 31, 2002, Proc. Vol.1- p 631-636 Institute of Industrial science, The University of Tokyo
Komaba - Japan.

c) In preparation




