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Abstract Numerical Simulations shaping thin sheets of Stainless steel are becoming increasingly important in the design 

phase and processing into finished products. These simulations are often penalized by a too brief description of the plastic 

behavior and in particular the anisotropy of rolled sheet. This is why it is important to model the behavior of the structure 

during the formatting including stamping. A comparative study of the results found on the stainless steel and those identified 

on Aluminum and Titanium. 

1 Introduction  

Significant progress has been made in modeling the 

behavior of anisotropic elastic-plastic sheets by 

homogenization methods (or micro-macro calculation), 

which allow us to reconstruct the polycrystal behavior by 
combining the experimental data on the texture with the 

modeling of mechanisms elementary plastic deformation 

at the grain. On the other hand, the experimental 

characterization of the plastic behavior under various 

loads monotonous, (uniaxial tension, but also flat tensile, 

shear, hydraulic swelling ...) have been perfected, but 

were relatively undeveloped for decades. 

A new path of development of current 

characterization is that of inverse identification methods 

using numerical simulations of heterogeneous trials, in 

which the description of the behavior of the material uses 
a number of parameters. These settings are subject to an 

identification procedure, to ensure that the numerical 

results fit the experimental results. These tests on samples 

of complex shape possible to obtain heterogeneous 

deformation fields and various load paths in a single 

experiment, which allows to bring the actual stamping 

conditions. 

2 Calibration of anisotropic plasticity 
models 

The material used in the current study is AISI 304. The 

uniaxial tension was applied. Due to the crystallographic 

structure of AISI 304 and the characteristics of the rolling 

process, sheet metals, generally exhibit a significant 

anisotropy of mechanical properties. In the case of the 

rolled sheet metals, their orientations are defined as DL, 

transverse direction DT and normal direction DN. (DT is 

perpendicular to the DL in plane with the DN is normal 

to the sheet). 

In order to describe the plastic behavior of a material 

in a general stress state, an accurate, yield criterion on a 

plastic flow rule are required. For isotropic materials, the 

Von Mises criterion  is widely used because of its 

simplicity and reasonable accuracy. But for anisotropic 

materials, more complex anisotropic material model is 

needed and usually calibrated by the yield stresses and 

Lankford  ratios. 

Barlat proposed a model that describes the planar 

anisotropy behavior of orthotropic sheets subjected to 

plane stress conditions: 
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  : 4th order orthotropic tensor defined by anisotropy 

coefficient 

m : coefficient form                                        

The Lankford ratio is defined as the ratio between the 

transverse plastic strain rate and the thickness strain rate : 
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3 Results of tensile tests and 
interpretations 
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The Hollomon law (power law) is the law that best 

describes the mechanical behavior of stainless steel, it is 

expressed as follows:  

                         

σ and ε are respectively the stress and strain.K and n 

are parameters of hardening to identify which depend on 

the material. We will determine by Hollomon the 

theoretical  laws of the material mechanical behavior 

from the experimental curves of tensile tests for each 

point in the time axis and the three directions. 

The factors k and n are very time dependent 

parameter and loading direction.  

 
Table 1. values of  k and n  

 

3 00° 15° 30° 

k 

(daN/mm
2
) 

162.76 159.48 147.59 

n 0.4534 0.4580 0.4170 

45° 60° 75° 90° 

143.35 143.24 142.24 143.49 

0.4126 0.399 0.3878 0.3935 
 

Table 2. values ok k for  n=0.45  

 

Ψ 00° 15° 30° 

K 
(daN/mm2) 

162.76 159.75 156.059 

45° 60° 75° 90° 

152.23 155.65 157.122 156.4681 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Experimental curves of tensile tests for the 

direction 00°. 
 

 

 
 

Figure 2. Experimental curves of tensile tests for the 

direction 45°. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Experimental curves of tensile tests for the 

direction 90°. 

There has been a perfect match between the 

experimental  and the identified curves. 

 

4 Application of stamping 

 

 
 

Figure 4.Evolution of   the strain rate  as a function of the 

angle ψ off axes  

 

1

1,2

1,4

1,6

1,8

2

-0,4 0,1 0,6 1,1 1,6

V11 
 

ψ 



NUMIFORM 2016 

Figure 4 shows that the strain rate according to the 

feeding direction reaches its maximum value at the angle 

45 ° off axis. This we show that angle 45 ° is the best 

direction for the formatting in rolled stainless steel sheets 

18-10. 

 

Figure 5. stamping application 

 

5 Conclusion                                                

In this work, we studied the mechanical behavior of 18-

10 stainless steel subjected to various stresses from an 

experimental database and taking into account the initial 

anisotropy of the material A study of anisotropic models 

were presented and analyzed. We developed algorithms 

and computer codes that allowed us to identify the 

parameters of the hardening law and the parameters of 

the non-quadratic behavior of law Barlat 97. 

We also presented a meta-model of identification 

strategy using an experimental database, an anisotropic 

behavior of law (Barlat 97) and  a law of evolution 

(Hollomon law). This strategy allows us later to study the 

mechanical behavior of materials when subjected to other 

stresses that the experimental database does not have. 

The results of this identification strategy are the 

evolution of the threshold and the simulation of the load 

surface function for different homogeneous and non-

homogeneous assays and the identification of the 

Lankford coefficient. In addition, we also deduce the 

deformation speed changes depending on the off-axis 

angle, and it was found that the 45 ° direction is best for 

shaping and particularly for stamping. This enabled us 

laer to visualize the behavior in simulation of sheet metal  

in the stamping effect with the 45 ° direction material 

data. 
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