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Design values 
Design rules 

Machine & material cost 
Metal powder & process 

parameters 

Post processing 
Quality assurance 

Freedom of design: 
Optimise design 

Complex (internal) structures 
Integration of functions 

Reduction of weight 
Reduce emissions 

Production flexibility 

Residual stresses 

Save material 
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Recognise the applications!

Take advantage of AM advantages

ÅBetter performance

ÅReduced weight 

Å Integrate functions

ÅPossibility of repair

ÅReduce Leadtime

Å ...
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Metal Additive Manufacturing technologies @ NLR

ÅLaser Powder Bed Fusion 

ÅDirected Energy Deposition

ÅSinter based metal AM (FFF based)
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Metal Additive Manufacturing technologies @ NLR

ÅLaser Based Powder Bed Fusion (L-PBF)
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Metal Additive Manufacturing technologies @ NLR

ÅLaser Based Powder Bed Fusion (L-PBF)
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Directed Energy Deposition
DED technologies 

1. Blown Powder

2. WLAM 

4. Wire and Arc

3. EBF³
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Metal Additive Manufacturing technologies @ NLR

ÅDirected Energy Deposition (DED)
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Metal Additive Manufacturing technologies @ NLR

ÅDirected Energy Deposition (DED)

Source: BeAM
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Sinter based metal AM at NLR 

OR

Industrial FFF Desktop FFF Debinding/Sintering

Metal part

+

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjR_NjppezkAhULK1AKHT86BDgQjRx6BAgBEAQ&url=https://www.aniwaa.com/product/3d-printers/minifactory-ultra/&psig=AOvVaw3T5fABPpylim5Lu8riOhfR&ust=1569511950001800
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwivg9Oip-zkAhVPIlAKHXH-BxgQjRx6BAgBEAQ&url=https://3dprintingindustry.com/news/ultimaker-rebrands-and-relocates-headquarters-to-utrecht-158016/&psig=AOvVaw1T2d2dfJKfwQaxNtv1FAz1&ust=1569512344845337
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3D Printing metals with a desktop printer

ÅSimple print technology

ÅLow investment costs

ÅNo powder processing

ÅHollow parts/internal structures

Limitations

ÅLimited part dimensions

ÅWall thickness/Surface roughness constraints

Sinter based metal AM 

1: Print 2: Debind 3: Sinter

Metal Additive Manufacturing technologies @ NLR
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Debinding + Sintering

Sinter based metal AM 
Anisotropic shrinkage

Shrinkage

X Y= ± 16%

Z = ± 20%
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Now @ MAMTeC

ÅBringing Additive Manufacturing down to earth!
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