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What is Additive Manufacturing? 

Additive manufacturing is defined by the ASTM society as:
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Parts are made by addingmaterialin layers; eachlayeris a thin cross-

sectionof the part derivedfrom the originalCAD data

The thinnereachlayeris, the closerthe final part will be to the original.

The major ways theydiffer are:

Åin the materialsthatcan be used,

Åhowthe layersare created,

Åhowthe layersare bondedto eachother. 



Development of Additive Manufacturing Technology

The Use of Layers

A keyenablingprincipleof AM part manufactureis the use of layersasfinite 
2D cross-sectionsof the 3D model.

AlmosteveryAM technologybuildspartsusinglayersof materialadded
together, primarilydue to the simplificationof building 3D objects.

Using 2D representationsto representcross-sectionsof a more complex3D 
featurehasbeencommon in manyapplicationsoutsideAM.



Classification of AM Processes
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Classifi cation of A dditi ve Manufacturi ng Proc esses
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Classification of AM Processes



AM standards





Powder Bed Fusion
All PBF processesshare a basicset of characteristics.

Theseinclude oneor more thermalsourcesfor inducing:

Å fusion betweenpowderparticles,

Å a methodfor controllingpowderfusion to a prescribedregionof eachlayer,

Å a mechanismsfor addingand smoothingpowderlayers.

















In some cases, the build platform isalsoheatedusingresistive heatersaroundthe build 
platform.

Thispreheatingof powderand maintenanceof an elevatedand uniform temperature 
within the build platform are necessary:

Å to minimizethe laser power requirementsof the process(with preheating, lesslaser 
energyis requiredfor fusion);

Å to preventwarpingof the part duringthe build due to non-uniform thermal
expansionand contraction(resultingin curling).



Main parametersinfluencingthe quality of L-PBF components
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Main parametersinfluencingthe quality of L-PBF components



Powders

Å The powder material properties affect the further selection of all other process parameters;

Å The chemical composition, thermal, optical, metallurgical, mechanical, and rheological 
characteristics of the material play a key role in L-PBF.

Å Typically, L-PBF systems use metal powders ranging in size from 5 to 60 mm;

Å Granulo-morphometric properties, such as the particle size, particle shape, elongation, 
roundness, specific surface area, particle size distribution (PSD), etc., affect the delivery of 
the powder layer, its homogeneity, and the absorption coefficient of laser radiation;



Powders

Å The most suitable powders for L-PBF are those with spherical particle morphology that has a 
high packing density, good flowability, and are evenly deposited to the substrate;

Å Powders containing a significant fraction of small particles of 1-2 mm in size are easily 
agglomerated and cannot be properly deposited to the substrate.





POWDER REMOVAL





| Focus: the powderbed

¸ Speed of the recoatingdevice.

¸ Layer thickness.

¸ Shapeof the recoatingdevice.

¸ Powderbed solidvolume fraction.

¸ Effectivelayerthickness.

¸ Material/shapesegregation.









| Discrete elementmethod
Contactdetection

and particleoverlap

Force-displacement

lawappliedto each
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| PowderSpreadingsimulation
Å Materialsegregation Å Velocityprofile

Å Particlesize 

Å Local packingfactorand density
Å Local variationof the PSD
Å Effectivelayerthickness



| Experimentaldevice

Micrometricscrewsto adjustthe layer
thicknessand powderfeedstock

Removableblade

Control panel with 6 different
ōƭŀŘŜΩǎspeeds and selectable
temperature for the plate

Set of portablemicroscopeswith 
different levesof magnification



| Experimentaldevice

Extractsamples of the 
powderbed to measure
the localdensity

Analysis of Sem images to study 
variationsin the PSD and 
characteristcsof the powders

Acquireimages on situ at different levels
of zoom with a portablemicroscopeto 
performanalysisof the powderbed 



POWDER HANDLING: POWDER BED DEPOSITION

SPREADER GEOMETRY



Powderremoval, gas supply, and filtration systems

Å Since the powder has a large specific surface area, to prevent the metal material from intense oxidation, the L-PBF 
process takes place in an inert gas atmosphere;

Å For more inert (resistant to oxidation) metal alloys (Ni-based, Co-based, Fe-based, etc.), nitrogen is used, and for more 
active metal alloys (Al-based, Ti-based, etc.), argon is used;

Å As a result of the interaction of laser radiation with metal powder, intensive evaporation and ejection of the material 
occurs.

Å Particles entrained by the evaporation-driven protective gas flow are dragged into the melting pool or ejected.

Å The spatter ejection depends on protective gas flows, laser plume, and dynamics of the melt pool.

BALLING EFFECT





Powderremoval, gas supply, and filtration systems

Å To prevent contamination of the surface of the powder layer a filtration system is used.

ÅWhen changing protective gases, it is imperative to change filters:

o nitrogen and argon have different physical properties and different gas permeability,

o various metals deposited on the filters can react chemically, which can cause the filters to ignite and destroy the L-
PBF system.

Å A directional flow of shielding inert gas, which uniformly flows directly over the surface of the powder layer, removes 
products of the process (metal condensate and spatter particles) from the laser-powder interaction zone.



INERT GAS FLOW



Melt-pool dynamics and track formation

ÅWhenthe laser beamscansover the surfaceof a thin powderlayer, energy absorbed
from the laser beamheatsthe underlyingmaterial;



Cozzolino,E., Tiley, A.J., Ramirez,A.J., AstaritaA., HerderickE. (2024) Energyefficiencyof Gaussianandring profilesfor LPBF of nickel alloy 718. Int J Adv ManufTechnol.

https://doi.org/10.1007/s00170-024-13511-0



Interaction between Laser Beam and 
Powders

S.M. Thompsonet al. An overviewof Direct LaserDepositionfor additive manufacturing;
PartI: Transportphenomena,modelinganddiagnostics,Addit. Manuf. 8 (2015) 36-62.


