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Recoil pressure

Denudation

Main AM process characteristics
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Thermo-Mechanical => residual stress & distortions

The extreme rapid heating close to laser surface first produce 
a local expansion which is inhibited by surrounding cooler 
material hence generating a compression layer well beyond 
yield limit. After top layer cool down material tends to contract 
which is inhibited by underlying material hence generating 
traction residual stresses

In principle it is possible to simulate the thermo-mechanical 
problem by solving the heat transfer problem plus the material 
mechanical problem with non linear plasticity models to capture 
the residual stresses and deformations.

However due to the extremely thin bed layers and small scan 
laser tracks it is not viable to simulated the process at the real 
scale and try to integrate up to the part scale
Therefore => an aggregation strategy for laser scan layers and 
width is needed to compute full thermo-mechanical field at 
full part scale which has to be validated
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Also the effect of separation of the base plate and Heat 
Treatment for stress relief is needed to predict final 
distortions of part
This can be solved by conventional FEM with right creep 
modellization

Thermo-Mechanical Mechanical (Inherent Strains)
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Thermo-Mechanical => ITP Strategy (collaboration

wit IMDEA)

In Validation phase 
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Thermo Fluid (melt Pool) 

Phase change and melt pool fluid dynamics is of high complexity with 
significant unique phenomena
This is all at meso scale that can not be simplified or aggregated at 
larger scale if associated defects are to be predicted

Marangoni effect generated due to surface tension due to temperature 
gradient must be imposed at the melt pool free surface as boundary 
condition (1000 times larger than buoyancy force)

Lack of Fusion 

Pores



8
Proprietary Information - Confidential

Thermo Fluid (Melt Pool)

LoF & Pores ITP Strategy

In principle LBM seems to be the perfect candidate to simulate the dynamics of Melt Pool
- High Fidelity incompressible fluid flow
- Inherently transient
- Free Surface tracking
- Phase Change prediction capability
- Two Phase Flow capability
- Opportunity to implement Heat Transfer terms

Risks:
- Difficulties with high density ratios of phases (≈ 1000)
- Potential impossibility to recover some equation terms (radiation, Marangoni …) ¿?

(collaboration with IMDEA)

LBM ITP code in WIP
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Material (Microstructure, properties)

ITP strategy
(colaboration

with IMDEA)

No nucleation

Some nucleation

High nucleation

solid

liquid

In Validation phase 
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Material (Microstructure, properties)

ITP strategy
(colaboration

with IMDEA)

Cristal plasticity models & prediction of monotonic behaviour 
(tensile curves)
Strength as a function of microstructure & temperature

Microstructure

Grain Size distributions

RVE: representative 
volume elements

MICROMECH:  Microstructure sensitive material 
mechanical models, 718 alloy wrought
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Surface morphology
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Surface morphology

ITP strategy

Surface LoF Surface Roughness

Future plans consider to develop and validate dedicated AI 
augmented simulation tools to be able to predict defects and optimize 
parameters to further avoid any detrimental surface conditions
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