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Introduction to Additive Manufacturing
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ÅThe processof joining materialsto
makeobjectsfrom 3D model data
usually layer upon layer, as
opposed to subtractive
manufacturing methodologies,
suchastraditionalmachining[1].

ÅA manufacturingprocessin which
the workpiece is built up in
successiveunitsor layers[2].
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1. AM parts must start from a software model that fully describesthe
externalgeometry. Thiscan involve the useof almost any professional
CADsolidmodelingsoftware.

2. Thisfile shouldbeconvertedto a STLor AMFfile format.

3. Theremay be some generalmanipulationof the file so that it is the
correctsize,position,andorientation for building.

4. The AM machinemust be properly set up prior to the build process.
Suchsettings would relate to the build parameterslike the material
constraints,energysource,layerthickness,etc.

5. Buildingthe part is mainlyan automatedprocessand the machinecan
largelycarryon without supervision.

6. Once the AM machine has completed the build, the parts must be
removed. Thismayrequireinteractionwith the machine.

7. Once removed from the machine, parts may require an amount of
additional cleaning, polishing, machining or thermal treatment up
beforethey arereadyfor use. [3]

Introduction to Additive Manufacturing
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Introduction to Additive Manufacturing
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Categories of Additive Manufacturing
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Applicable to 
Ni & Alloys

Applicable to 
Ni & Alloys

Applicable to 
Ni & Alloys

[6]
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ÅThis group of technologiesproducesthe parts by fusing a powder
layerwithin a definite crosssectionalzonedefinedby the slicedCAD
modelof workpiecewith the scanningpath.

Powder Bed Fusion Additive Manufacturing
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Energy Source Full Melting Partial Melting

Electron Beam EBM (Electron Beam Melting)

Laser DMLM (Direct Metal Laser Melting)

Laser DMLS (Direct Metal Laser Sintering)

Laser SLM (Selective Laser Melting)

Laser SLS (Selective Laser Sintering)

Print Head SHS (Selective Heat Sintering) Not relevant to 
Ni & Alloys

Not relevant to 
Ni & Alloys
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E-PBF versus L-PBF
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L-PBF E-PBF

Energy Source Laser Electron

Pre-heating Up to 250°C Up to 1100°C

Processing Atmosphere Protective gas (Argon or Nitrogen) Vacuum (Supported by Helium)

Applicable Materials Various alloys of aluminum, cobalt-

chromium, ferrous, nickel based 

superalloys, steels, titanium alloys, 

precious metals.

Various alloys of cobalt -chromium, 

nickel based superalloys, titanium 

alloys and titanium aluminates.

Powder Size 15 µm - 45 µm 45 µm - 105 µm

Layer Thickness 20 µm - 50 µm 50 µm - 100 µm

Dimensional Accuracy 100 µm - 200 µm 400 µm - 500 µm

Surface Quality Ra 5 ς10 µm 25 - 35 µm

Geometric Complexity High Intermediate

Melting Rates 7 cm3/h - 70 cm3/h 55 cm3/h - 80 cm3/h

Maximum Available Build Volume 

to be used for Superalloys*

Up to 500 mm by 500 mm or         

400 mm by 800 mm x 500 mm 

height

Up to Ø 250 mm x 400 mm height
[7]
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Commercially Available Nickle Alloys for PBF
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Laser Powder Bed Fusion(L-PBF)
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ÅAlsoknown as DMLM,DMLSand SLM,this
AM type uses laser beams to melt the
powders.

ÅSingleor multiple fibre lasershavinga laser
power between 100 and 1000 W, a
wavelengthbetweenof about 1064nm and
a focusedspot size between 50 ς100 µm
arepreferred.

ÅHavinga powder particle size range of 15
µm- 45 µm, L-PBFAM employs argon or
nitrogen as a protective atmosphere and
processesparts generally below 250°C by
heatingthe baseplate [7].
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ÅPBF AM processesare characterizedwith
manyparameters.
ÅStartingfrom the job preparationstep, part

geometry is supported with support
structures,sliced into layersand discretized
into severalexposureregionsascore,up-skin
and down-skin with the possibilityof having
re-melting, pre and/or post contour
exposure.
ÅEach layer and/or exposure area such as

upskin, contour,downskinor support,hasits
own process parameters including input
power, layer thickness,hatch distance and
scanningspeed

Process Parameters for L-PBF AM
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ÅIn addition to these, various
scanningstrategiesare applied to
utilize a uniform temperature
distribution along part surfaceand
throughpreviouslayers.

ÅThe applied scanning strategies
include but are not limited to line
scanning with constant or
alternating angles, island (chess
board) scanning and spiral
scanning.

Process Parameters for L-PBF AM
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ÅRe-coated powders of the current layer and the powders of precedinglayersare
meltedin L-PBFusingfibre lasersto haveGaussiandistribution.

ÅThisfact and thermal cycleslike conduction,convectionandradiationtogetherwith
liquid flow influencethe melt pool shapes.

Solidification, Thermal Cycles and Physical 
Phenomenon in L-PBF
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