
 

 

 

Single Point Incremental Forming tool-material interaction modeling based on experiments 
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Application Deadline : 

20/12/2022 

Post doctoral position 
 
Who are we? 
The Ecole Nationale Supérieure d'Arts et Métiers is a scientific, cultural and professional 
public institution (EPSCP) under the sole supervision of the Ministry of Higher Education 
and Research. It is composed of eight campuses and three institutes spread throughout 
the country. Its missions are those of a public institution of higher education: initial and 
continuing education, research and development. 
 

Environment of the position 

The searcher will be integrated to the Laboratoire de Conception Fabrication Commande 
(LCFC, EA 4495) which is a joint ENSAM and University of Lorraine laboratory. Its research 
work focuses on mechatronic product development, advanced manufacturing and 
development of new manufacturing processes and their associated production systems. In 
this context, the LCFC has a multi-process robotic manufacturing cell that will be essential 
to carry out the experimental campaigns. The local team consists of two manufacturing 
process experts (including the project coordinator) and two members specialized in robotic 
control. 

 
The proposed post-doctoral work is part of a project funded by the French National Research 
Agency. The project is called TOMORO, which stands for Tool-material interaction-based 
robotic incremental forming.  
In incremental forming, the sheet metal is formed by the tool path. In order to achieve 
optimum part quality, it is important to control the robot behavior and the part springback. 
The tool-material interaction, which varies during the forming operation, must be modeled 
in order to be integrated into the numerical process simulation and the robot control laws. 
The numerical process simulation will allow to model the behavior of the material, to predict 
the forces applied on the tool and the springback. The evolutionary behavior of the material 
during forming, springback and robot behavior will be integrated into estimator-based 
adaptive control laws. These laws will be implemented in numerical simulation to predict 
the behavior of the material during robotized forming. The project lies within the 
Manufacturing Robotics topics as it proposes innovative robotized manufacturing process 
for flexible and agile industry with a high add-value. 
The objective of the TOMORO project is to control in real time the trajectory of an industrial 
robot considering the variability of the tool-material interaction and the workpiece 
springback during incremental forming. We hypothesize that the method which consists of 
(i) modeling the stress and strain fields, (ii) predicting the forces along 6 axes applied on the 
tool and the springback will optimize the processing parameters and tool path. The project 
TOMORO aims at designing an adaptive observer-based control law to improve robotic 
incremental forming. This will be achieved by (i) developing a numerical chain to model the 
tool-material interaction, (ii) designing the control law taking into account workpiece 
behavior, temperature variation and interaction forces and (iii) experimentally validating 
and evaluating the control law in terms of geometric and surface quality. 
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 Objectives 
 
Determination of a formability domain 

✓ Defining the shapes of the reference parts and typical trajectories 
✓ Comparison between traditional 3-axis trajectories and multi-axis shaping strategies 

(5-axis).  
✓ Realization of an adaptive experimental design to define the domain of formability 

while optimizing the number of tests. 
Creation of an experimental database of incremental forming that includes the 
measurements of efforts, temperatures, deformations, and motor torques for each couple 
of materials, thicknesses and trajectories tested. 
 
Modeling of the tool - workpiece interactions during ISF 

✓ Selection of the type of model (analytical, neural network, etc.) for reliably modeling 
the process results. 

✓ Establishment of surrogate models allowing to predict for typical cases and 
according to the operating parameters, the feasibility, the efforts and the quality of 
the surface state. 

✓ Validation of the model with respect to experiments. 
 

Skills required 
The successful candidate should hold a Ph.D. in engineering, ideally related to metal forming 
and must have a solid knowledge in surrogate model techniques.  
 
Candidates must have solid skills in Engineering and computer science, as well as excellent 
communication skills. Fluency in English is required and ability to work independently is also 
desirable. 
 

Supervision 
The successful candidate will be supervised at LCFC by Dr. Sandra CHEVRET in collaboration 
with Dr. Tudor BALAN, Dr. Wahb ZOUHRI, Dr. Yessine AYED and Dr. Idriss TIBA.  
 

Salary 
The position will carry competitive salary, matching the academic and professional profile 
of the applicant, and excellent work conditions. 

 

Location 
Arts et Métier Institute of Technology, LCFC lab, Arts et Metiers, 4 rue A. Fresnel, 57070 
METZ, FRANCE 
 
Please send a cover letter including a brief description of research interest and relevant 
experiences, a 2-page CV. 
 
 

 

 

 


