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Framework.  Materials are key technology enablers and may become rare and very expensive in 
the future, thus encouraging massive light-weighting of structures though keeping the safety of 
the users [1]. This duality leads to the use of materials with always higher and higher mechanical 
properties, such as advanced high strength steels. Nowadays, the mechanical design of a novel 
part or structure should make a smart use of materials, choosing ones with very high strength in 
specific areas and high ductility and/or elasticity in other areas. Such a design requests an 
intensive knowledge of the mechanical properties, accurate models to represent the materials 
in finite element simulations, replacing the real material with a virtual one, and fast and reliable 
calibration procedures to adjust the material parameters. The general framework of this study is 
related to the reliability of virtual forming of thin sheet materials when considering multi-stage 
processes. Indeed, as it is highly dependent on the representation of the mechanical behavior of 
the material, more and more features should be taken into account in the modeling [2]. 
 
The challenge is therefore to develop numerical models of not only a single forming stage but of 
multi-step processes [3,4], with a continuous transfer of the blank from one stage to the other, 
as illustrated in Fig. 1. This requires a mechanical model for the material, that undergoes 
monotonic loadings but also strain path changes. Moreover, the quality of the deformed part 
depends on the interaction with the forming tools, the process parameters and the initial 
material properties. 
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Figure 1: numerical model of a three-stage deep drawing process of a copper alloy material. 
 
The objective of this study is therefore to design a demonstrator at the laboratory scale of   
complex, multi-step forming process for thin sheet of metallic materials, to provide a large 
amount of smart data to test the reliability of the numerical prediction of the final state of the 
material, e.g., the deformed geometry and the residual stresses. The technology readiness level 
(TRL) of this project is around 2-3 and no direct industrial application is aimed at. However, the 
general context is essential in mechanical industries facing the challenge of mass reduction of 
structures, based on the virtual design of forming processes.  
 
Methodology. The project is divided into four main stages, with i) the mechanical 
characterisation of the behaviour up to fracture of several high strength steels, then ii) the 
mechanical design of a multi-step forming demonstrator and choice of fine instrumentation to 
generate meaningful data iii) obtaining an experimental database on the forming of thin 
metallic sheets and finally iv) developing the numerical model corresponding to the 
experimental data. 
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Practical details 

The PhD student will be located at IRDL, in Lorient. 
Skills: mechanics of materials, numerical simulation of forming processes with Abaqus, 
constitutive equations in elasto-plasticity, forming processes, experimental mechanics, 
mechanical design, fine instrumentation 
Language skills: very good level in English (writing of papers and oral presentation) ascertained 
by the results of a test 
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