
HAL Id: hal-02422198
https://hal.science/hal-02422198

Submitted on 8 Mar 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Thermal simulation of scanning paths in LBM additive
manufacturing

Kamel Ettaieb, Sylvain Lavernhe, Christophe Tournier

To cite this version:
Kamel Ettaieb, Sylvain Lavernhe, Christophe Tournier. Thermal simulation of scanning paths in LBM
additive manufacturing. Second International Conference on Simulation for Additive Manufacturing,
Sim-AM 2019, 2019, Pavia, Italy. �hal-02422198�

https://hal.science/hal-02422198
https://hal.archives-ouvertes.fr


Thermal simulation of scanning paths in LBM additive manufacturing

K. ETTAIEB∗, S. LAVERNHE∗ and C. TOURNIER∗

∗ LURPA, ENS Paris-Saclay, Institut Farman (FR3311)
Univ. Paris-Sud, Universit Paris-Saclay,94235 Cachan, France

e-mail: kamel.ettaieb@ens-paris-saclay.fr
sylvain.lavernhe@ens-paris-saclay.fr

christophe.tournier@ens-paris-saclay.fr

ABSTRACT

The process of Laser Beam Melting (LBM) is a technique of direct manufacturing that uses a laser with
a high power to melt the powder, according to scanning paths. During this process, the achieved temper-
atures in local areas could generate significant thermal gradients. These gradients lead to the apparition
of residual stresses that affect the mechanical characteristics of the part and may cause deformations, as
well as micro and macro cracks due to the cooling of the part [1].

In this context, scanning paths play a major role in the fusion and solidification of the material and
therefore of the part. For that reason, it is necessary to validate the generation of trajectories considering
the thermal behaviour induced by this process.

The purpose of this communication is to define and use an analytical thermal 2D model that allows the
analysis of the laser trajectories in each layer, in an efficient way.

The proposed approach consists, first, in applying impulsive temperature excitations along the scanning
path and then, in summing the thermal conduction effects in the material in order to calculate the distri-
bution of the temperature field over the whole surface, at each time step.

The developed model was validated in the case of the Ti6Al4V alloy through a comparison with a fi-
nite element thermal simulation of industrial software. The proposed method was then implemented to
analyze trajectories commonly used in the literature and industry.

The results of the analysis show that the scanning paths have an effect on the thermal behaviour during
manufacturing. Indeed, they can cause the appearance of overheated zones that may generate several
defects in the part. Thus, this study highlights the importance of optimizing the scanning paths to ho-
mogenize the thermal distribution and reduce the residual stresses.

The thermal simulation model will be used to synthesize the scanning paths in the future.
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This work falls between macroscopic simulations that consider a whole layers or groups of layers [ref] and simulations at the scale of the melt pool [ref]. The purpose of …�
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Répétition de l’introduction.  j’aurais pluot dit un mot sur l’implémentation logicielle, les temps de calcul, la RAM, etc. �
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Précise qu’on ne simule que la conduction.�


