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NLR in brief
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The Metal AM Technology Centre in NL MATERIALS

« Unique combination of knowledge,
experience and facilities

« Focus on High-tech High-spec applications

TESTING

MODELLING & DESIGN
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Examples of MAMTeC projects

« R&D for Dutch Defence & Industry

« Parts for wind tunnel models

« Space applications

» Prototyping for various applications

* Process development new materials

* Process development Multi-
material AM

R R I >
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Metal Additive Manufacturing technologies @ NLR

 Powder Bed Fusion (Electron Beam or Laser)
« Directed Energy Deposition
- Sinter based metal AM (FFF based)
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Laser Based Powder Bed Fusion (L-PBF)
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Magnesium Additive Manufacturing

Opportunities for Aerospace applications:

Low density

high specific strength
reduce weight

reduce emissions
Increasing fuel efficiency

© Royal NLR 2022
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Challenges:

« Low boiling point & high reactivity with oxygen
« Excessive fumes generated

 Risk of process instability

 Suitable powder feedstock availability
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Feedstock material

Weight
Element percent
0
« Selected alloy: WE43 : L
. | - Bal.
« Powder must be suitable for thin layer application 3.7-4.3
« Good spreadability required 0.4-1.0
« Spherical particles 0.2
« Appropriate particle size distribution o1
PPIOPIAr® pa - 0.03
 No contamination 0.01
0.01
24-4.4
0.4
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Feedstock material

» Selected alloy: WE43

- Powder must be suitable for thin layer application
« Good spreadability required

« Spherical particles

« Appropriate particle size distribution

* No contamination
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Parameter selection

« Key parameters are laser power, scan
speed and scan spacing

« Optimisation method developed: \\L\\L\\ \\\\\\ \\\ N

— Thin walls
— Variable hatch blocks

« Minimum amount of build jobs

« Automatic analysis of cross-sections
z

N M\ N\
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Parameter selection

« Key parameters are laser power, scan
speed and scan spacing

« Optimisation method developed:

— Thin walls
— Variable hatch blocks b) .
1 2 3. 8 9, _1_9‘_1_1. 12.-
« Minimum amount of build jobs
« Automatic analysis of cross-sections AR
7 L@_)U_lﬂ._
X
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Parameter selection

« Key parameters are laser power, scan
speed and scan spacing

« Optimisation method developed:
— Thin walls
— Variable hatch blocks

« Minimum amount of build jobs
« Automatic analysis of cross-sections

14
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Linear energy density [J/mm]

L4

Parameter selection

« Automatic analysis of cross-sections
« Selection of parameters based on product specific criteria

Thickness [pm] Roughness - Ra [pm] Porosity [%]
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Design rules for AM

« Design based on representative demonstrator part
« Take into account design rules for L-BPF

O
o > G 9
O

— Minimize

surface quality

g y Moderate
®.00m

Worst
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Benchmark part production

« Determining design guidelines for
magnesium AM

« Evaluation of microstructure

17
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Benchmark part inspection

« Determining design guidelines for
magnesium AM

« Evaluation of microstructure

5000 pm

5000 pm
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g Magnesium AM Demonstrator

- Based on representative aerospace
application

« Magnesium cast part

« LPBF design rules taken into account
» Thick walled sections removed

- Large overhangs prevented
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3. Demonstrator production

Thermo-
mechanical
modellig

+1.690e+02
+1.587e4+02
+1.484e+02
+1.381e402
+1.277e402

20
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g Magnesium AM for Aerospace applications

Conclusions
« Magnesium AM is challenging
« Capability is successfully demonstrated

« Approach enabled efficient selection of good
LPBF process parameters

« Homogeneous fine microstructure obtained
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Next steps:

« Develop dedicated heat treatment

* |Investigate material properties
 Industrialise Magnesium AM process
« Develop feedstock QA requirements
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