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The objective of GISTEAMMM is to characterize the grain structure generated by laser 
powder bed fusion (L-PBF) process at track scale: one track or single wall with several tracks, 
in which the grain structures will be obtained by both experiment and thermo-metallurgical-
mechanical modelling. The anisotropic elastic-viscoplastic material laws at grain levels are 
expected to be extracted by considering the influence of inherent residual stress generated 
during printing process. 

Context  The proposed project is selected under the frame of GIS (Scientific Interest Group) "HEAD - 
High energies in additive manufacturing", which is a new scientific interest group for additive 
manufacturing. Its aim is to increase the diffusion of the uses of additive manufacturing by 
removing the barriers faced by industry. The project is financed by two doctoral schools from 
both Centre for Material Forming (CEMEF), MINES Paris, and Solid Mechanics Laboratory 
(LMS), Ecole Polytechnique. 
 
Regarding the numerical simulation, most of the mechanical behavior laws used for additive 
manufacturing (AM) process simulation are elastic-plastic, and the input parameters come 
from traction tests on samples that are not produced by AM [1]. Even the as-built additive 
manufactured (AMed) specimens are characterized, the inherent residual stress is usually 
ignored [2] and its effect on mechanical behavior is also difficult to be extracted. Moreover, 
when predicting AMed grain structure, the role of the as-build thermomechanical 
deformation on the microstructure evolution is ignored. 

Detailed 
presentation 

with 
figure(s) 

The proposed research tasks related to numerical and experimental sides are summarized 
as below:  

Numerical simulations: 

- Thermo-metallurgical-mechanical modelling of L-PBF deposition at track scale 

(CEMEF) → grain structure with inherent residual stress. 

- Study the influence of local deformations on the intragranular texture→ distribution 

of different crystal orientation within one grain. 

- Study the effect of grain structure on hot cracking. 

- Representative volume element (RVE) traction relaxation simulations with 

anisotropic elastic-visco-plastic mechanical behavior laws by both crystal plasticity 

[3] and Hill48 anisotropic plasticity [4] (LMS, CEMEF) → average RVE behavior for 

part scale modelling.  

- Understand the generated residual stress at grain level and its influence on traction 

tests at part scale. 

(a)  (b) (c)  

Thermohydraulics and metallurgical simulations, and following RVE mechanical response 

(Chen, 2018[5], Camus et al, 2022[6], Zhang et al. 2022[7]) 



 

Experiments: 

- Track printing by L-PBF (a third partner) 

- Characterization of residual stress and crystal orientation distribution within the 

grains (LMS, CEMEF) 

- Traction relaxation tests of AMed specimen (CEMEF or LMS): RVE level or standard 

specimen 

 

EBSD and HR-DIC using novel laser-SEM setup (LMS, Ecole Polytechnique) 

Expected results: 

- Novel coupling work between the growth of grain structure and anisotropic 

mechanical behavior during solidification at melt pool level.  

- Explain the reason of intragranular texture. 

- Understand the effect of grain structure on hot cracking during LPBF process 

- Study the inherent residual stress by both experiment and numerical simulations at 

grain level. 

- Propose an anisotropic material law for part scale modelling by considering the 

effect of residual stress for L-PBF process simulation. 

With the method of level-set, CEMEF has developed the meso-scale model for ceramics [5] 

and for metals [8], in which the powder bed may be assumed as a continuum. The melt pool 

development and resulting track shape can consequently be simulated by several deposited 

tracks. Furthermore, a thermomechanical analysis at the scale of the track during 

solidification was also demonstrated [5]. The prediction of the grain structure is also coupled 

with the prediction of the heat flow deduced from the meso-scale model [9, 10], which is now 

applied to L-PBF at part scale showing relevant trends for morphology and crystallographic 

textures of the grain structure [6]. 

GISTEAMMM is a twin project with the ANR-JCJC GRAMME at CEMEF, which is coordinated 

by Dr. Zhang. GRAMME aims to develop an efficient and relevant coupling strategy in LPBF 

process modelling between microstructure development and anisotropic mechanical 

behavior at part scale during and after construction. The collaborator in LMS, Ecole 

Polytechnique, is Dr. Upadhyay. He has recently obtained a project GAMME financed by ERC 

Starting Grant. 
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Tools  Numerical development is based on the parallel finite element library CimLib® at CEMEF and 
home software at LMS; Characterization of additive manufactured specimens will be 
performed by LMS and CEMEF.  

Key-words  Grain structure, Anisotropic plasticity, Thermo-metallurgical-mechanical modelling, Laser 
powder bed fusion. 

Project type/ 
cooperation 

The research works are collaborated between Laboratoire de Mécanique des Solides (LMS) 
of Ecole Polytechnique and Centre de Mise En Forme des Matériaux (CEMEF) of MINES 
Paris. 

Skills, 
abilities 

requested 

Engineer/Master student in the field of computational mechanics, or applied mathematics. 
Strong knowledge of finite element method, solid mechanics and programming (C++) skills, 
and good English level. Basic knowledge of metallurgy is also required. 

Location CEMEF (Sophia Antipolis), MINES Paris, PSL Research University. 

CEMEF 
team(s) 

2MS 

Expected 
starting 

date 

September or October 2022 (3 years) 

Supervisor(s) Yancheng ZHANG, Manas Upadhyay, Michel BELLET, Charles-André GANDIN 

Contact (s) yancheng.zhang@minesparis.psl.eu 

 


