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This NLR document is business confidential to the recipient and may not be
copied, distributed or reproduced in whole or in part or transmitted to any third
party without the prior written consent of Royal NLR. Use, whether intentional
or unintentional, of any content, information or services in this document in a
way that is contrary to the purpose of this document is not permitted.
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GLOBAL PLAYER VERY HIGH
WITH DUTCH ROOTS CUSTOMER
ACTIVE IN 24 COUNTRIES SATISFACTION
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Research

Developing and integrating

@ technology
Transfer to
@) industry

Production and
commercialisation
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“  Laser Powder Bed Fusion (LPBF)

« Complex designs, internal geometries
« Simulation-based variable process parameters

« TibAl4V, AlSi10Mg, Scalmalloy, ScanCromAl, In718, 316L,
Magnesium alloys, Corrax, ...

e 280 x 280 x 320 mm?3 build volume B e
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Directed Energy Deposition (DED)

« Multimaterial production, repair activities, adding =
features

» Bigger build rate / bigger volumes

« TibAl4V, In718, 316L, aluminium alloys, metal matrix comp05|tes
copper alloys, ..

 Volume:
— 3-axis: 700x400x400 mm?3
— 5-axis: 500x400x400 mm?3




Cold Spray (CS)

New facility ready Q3
2026

Repair, coating & AM
Multimaterial
Combining dissimilar
materials

Sedsnesaneguont?®
[gasensbanstedes,
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é Design, Modelling & Simulation

@
> »Variable process parameters towards
homogeneous material properties

Applications .
Materials
» Critical applications

(fatigue-critical parts)
with high complexity

» Development of new alloys

» Testing (extreme conditions)

Qualification & certification

» Develop process-based Q&C
procedures for aerospace

© Royal NLR 2026
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AM in the value chain

Feedstock

an
Virtual
manufacturing

~N

J

Additive
Manufacturing

g

p
Post
processing

S8

@ 7
Acceptance

AM-part manufacturing ecosystem

When is a part
good enough?
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é@ Metal-AM standards a
o,

« Metal-AM standards and
guidelines are developed

« More are planned or
proposed

nd guidelines

standard noplorea [ topic _____lseope |

1S0 172952023
IS0 17296-2:2015

150 27548:2024

ISO/ASTM 52900:2021

ISO/ASTM 52901:2017

ISO/ASTM 52902:2023

ISO/ASTM 52903-1:2020

ISO/ASTM 52903-2:2020

ISO/ASTM 52904:2024

IS0/ASTM TR 52805:2023

ISO/ASTM TR 52006:2022
I50/ASTM 52907:2019

ISO/ASTM 52908:2023

ISO/ASTM 52909:2024

ISO/ASTM 52910:2018
ISO/ASTM 52911-1:2019
ISO/ASTM 52911-2:2019
ISO/ASTM 52911-3:2023
ISO/ASTM TR 52912:2020
ISO/ASTM TR 52913-
1:2025

ISO/ASTM 52915:2020

ISO/ASTM TR 52916:2022
ISO/ASTM TR 52917:2022
ISO/ASTM 52919:2025

ISO/ASTM 52920:2023

General

plastics
General
General

General

plastics

plastics

metals

metals

metals

metals

metals

metals

General
Metals

plastics

General

medical

General

General

General principles

General principles

Environment, health, and

safety

General principles

General principles
Test artefacts

Material extrusion-based
2dditive manufacturing of
plastic materials

Material extrusion-based
additive manufacturing of
plastic materials

Process characteristics
and performance
Non-destructive testing
and evaluation
Non-destructive testing

Feedstock materials

Finished part properties

Finished part properties

Design
Design
Design
Design
Design

Feedstock materials

Data

Data
Round robin testing

Qualification principles

Qualification principles

Part positioning, coordinates and orientation

Part 2: Overview of process categories and feedstock
Test method for determination of particle and chemical
emission rates from desktop material extrusion 3D
printer

Fundamentals and vocabulary

Requirements for purchased AM parts

Geometric capability assessment of additive

manufacturing systems

Part 1: Feedstock materials

Part 2: Process equipment

WMetal powder bed fusion process to meet critical

applications
Defect detection in parts

Intentionally seeding flaws in metallic parts
Methods to characterise metal powders
Post-processing, inspection and testing of parts
produced by powder bed fusion

Orientation and location dependence of mechanical
properties for metal parts

Requirements, guidelines and recommendations
Part 1: Laser-based powder bed fusion of metals
Part 2: Laser-based powder bed fusion of polymers
Part 3: PBF-EB of metallic materials

Functionally graded additive manufacturing

Part 1: Guidelines for the selection of measurement

methads for characterisation of powder flow properties

Specification for additive manufacturing file format
(AMF) Version 1.2

Optimised medical image data

General guidelines

Test methods for metal casting sand moulds
Requirements for industrial additive manufacturing

and production sites

ISO/ASTM 52924:2023

ISO/ASTM 52925:2022

ISO/ASTM 52926-1:2023

polymers

polymers

metals

Qualification principles

Feedstock materials

Qualification principles

Classification of part properties
Qualification of materials for laser-based powder bed
fusion of parts

Part 1: General qualification of operators
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&) Process qualification

(Additive

Manufacturing

2

e @Guidance of standards (ASTM, SAE AMS)

 1Q (installation), OQ (operation), PQ (performance)

* Role of In-Situ Process Monitoring

© Royal NLR 2026
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Qualification & Certification

» Design complexity
» Part criticality

Qual. approach: Part — Family — Process

Design
complexity &
& AM Risk

= Complicated design,
Difficult to inspect

- Complicated design,
Easy to inspect
« Simple design,
\ Easy to inspect

Based - Qualification
Part Family approach
Based

Process
Based

© Royal NLR 2026
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Design allowables

« But, are processing conditions always similar?

1.0 MNormal distribution Tw= 95% Lower Confidence
Limit  en 1= Rarcentile
Tw= 95% Lower Confidence

g Limit an LU Percaptile

=
o

100 Percentile

=
i

Relative frequency of Cecurence

a2
Fa

1+ Percentile

N,

-1 o 1
Standard deviations from the mean
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- -2
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Simulation & Modelling

« Can we replicate this?
« Can we predict this?

© Royal NLR 2026



Original process parameters
‘/'I Temperature
\9s.

@ o
» . .
Can we replicate this?

« Local overheating changes material properties

20
1000 1000
E <15
__ 800 s 800 =
© —_ c
Q = T
= 600 o 600 s
= c » 10
@ 2 o
S 400 @ 400 3
3 ©
2 w 5
200 > 200
0 0 0

I Regular specimen
I Overheated specimen
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\"/{ Original process parameters Optimized process parameters
< ﬁ lr Temperature
Overheating

Can We fiX thiS? Acceptable

Good

« Use simulation-based process parameters

20
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0 0 0
[ Regular specimen

[ Overheated specimen
[ Optimized specimen
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In-situ process monitoring

* In-situ monitoring systems:

w
o
o

) 100

— Optlcal 400 Y
200 ¢

— Long wave IR =
300 £

— Near IR

. 400 -
— Spatter tracking
. 0 100 200 300 400 500 600
* Monitor X

Original image Thresh_Binary image

— Powder deposition quality
— Build process & anomalies
« Additional benefits

VEIELIS Reduction Higher sensitivity

NIR

Detected me
pool and plu

process thermal
parameters variations

Detected spatter
contours
contour

httos://doi.ore/10.1016/i.matdes.2022.111534
© Royal NLR 2026
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Demonstration
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Demonstration
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Acceptance of metal AM parts

« Predict and monitor the process

Monitor the feedstock

v

< N - e ™
Virtual Additive Post Acceptance
manufacturing Manufacturing processing
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Aluminium
heat exchanger

Magnesium housing
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Conclusions

For acceptance in the value chain, we need process-based qualification
— Simulation-based process parameters

— In-situ monitoring

Understand variation
— Part to part
— Machine to machine

Define acceptance criteria
— Industry standards
— Regulatory authorities

P ™
Virtual

manufacturing

(- M
Feedstock

processing

9555

| = =

\ 4

—
Acceptance
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— Accelerating
n lf the future
of aerospace

Royal NLR - Netherlands Aerospace Centre

Anthony Fokkerweg 2
1059 CM Amsterdam
The Netherlands

J +31 885113113
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8316 PR Marknesse
The Netherlands
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