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13:00 Registration lunch \> =2 /_ ‘.
14:00 Welcome introduction & update Materialiséoy Daniél Hoogstraate &ci)unt Manager Materialise NL
14:30 AMAerospace Materialiseby Rico Engelman, Business Development Manager Materialise
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w | LILAhBdroGeksor certified end-useparts
w t NIJEgainpléNerbspace
15:30 Break
16:00 Desigior Additive Manufacturing DfAM
16:30 GuidedTour
17:15 Wrap-up & drinks
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Growing our expertlse worldwide makefalise

g"h

V 26 offices in 20 countries

V +195 3D printers

{ V +2000 parts printed daily
CHINA ,° ®™JAPAN

“ 4""' V +2200 employees

\ ”‘“‘%‘“""5"“"% " V +210 patents granted

‘E ‘\.&\

CZECH REPUBLIC

COLOMBIA

.V +165 patents pending

v
AUSTRALIA
v

BRAZIL

[ PRODUCTION CENTER COMPETENCE CENTER OFFICE



E |
materialise
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RapidFit

amaterialise company

engimplan...

[E) ACTech’

amaterialise company

B2 phits

Custom 3D-printed orthotics



SLA/LS/ MJPblyJet~DM - Leuven
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Value chain

Service Providers

OEMs & Design
Manufacturers Agencies
Material Engine_ering
Suppliers Services
Software -
i materialise Integrators Enduse o
P Market Market
SubContractors
Research &

Education
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MaterialiseOnSite

Projects Production Postprocessing

APPLICATIO
Series Production

Design, Engineering, Project Management,
Business Consultancy,-Ceation, Training,
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Applications area’s

L,

Wt NP2 2 S O &rBduction & Assembly Series Production
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With 3D printing’s accessibility, we can offer

this technology to more than just the top

cyclists competing in the Tour de France. \

can offer it to everyone around the world.”
Bellin, C s .

— Maur

s, Pinarello




ATTRACT AND
WELCOME

DELIVERY AND
HAND-OVER

ORDER AND MAKE 5%

LENS CHOICE AND
CUSTOMISATION

materialise
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FACIAL SCAN

& PERSONAL
NEEDS

FRAME
SELECTION







Expectations
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Peak of Inflated
Expectations

Plateau of
Productivity

WDIF NI YySNI wSaSIk NOKQa

by Jeremy Kemp is licensed under CCEY3.0

Innovation Trough of
Trigger Disillusionment

Time




HINDERPALEN VOOR HET TOEPASSEN VAN 3D-PRINTING
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Gebrek aan interne expertise en know-how rond AM 4£5%
Investeringskost 40%
Gebrek aan een business case rond AM of die is niet duidelijk 34%
Huidige technologische beperkingen van AM: productkwaliteit 23%
Huidige technologische beperkingen van AM: productiesnelheid 18%
Gebrek aan certificering en normering 18%
Onduidelijkheid over certificering en normering 18%
Weerstand tegen verandering en innovatie binnen het bedrijf 15%
Huidige technologische beperkingen van AM: (multi-) materialen 14%
Overige: 11%
Huidige technologische beperkingen van AM: productgrootte 9%
Moeilijke integratie in de huidige operationele werking van uw bedrijf 5%
Intellectuele eigendomskwesties 3%

FLAM3D // ENQUETEVERSLAG
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Time
design & engineering
bridge to tooling

Supply chain
Inventories, logistics
lead times

Risk
tooling, preseries,
single sourcing

Product

topology optimization
weight reduction
reducing parts

Serial production
mass customization
small series

Time
lead times
time-to-market

Operational Excellence

Product Leadership
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Tipping point materialise

Costs

Additive Manufacturing

/_ -

Material

| 34>

| # parts it
Breakeven
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Material

LS SLA YR]= FDM SLM

Laser Sintering Steri‘;:i;:';i';aphy Multi Jet Fusion Fused Deposition Modeling  gg|ective Laser Melting
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Material

FDM

LS
Fused Deposition Modeling

Laser Sintering
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Total costs of Additive Manufacturing

Post-processing
27%

Printing
59%

Pre-processing
14%

Source: Wohlers Reports 2021
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. matamCly
Pitfalls

€) Technique as starting point

€) Underestimation of complexity

€) Reinventing the wheel
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Application
Pain, Drivers, Challenges

Why Benefits of Additive Manufacturing

How Material, Technique, Finishing, ..

What

{AY2Y {AYS] OW{UI NI 6A0K ¢gKeT K2g¢g 3INBIG tSFRSNER AYyaLANB Gz
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Scene setting; the state of AM In aero

Context and \Scope

G! a A@lF NAWMISE o0dzi BAIOK RFUI
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Scene setting; the state of AM in aero

AM and Aerospace

78% of aerospace companiésve used/are using 3D printing for prototyping,

yet only18% use AM for engbarts manufacturing (SourcdzY2019

A The top cited reason ualification challenges


https://www.ey.com/en_be/consulting/how-additive-manufacturing-is-becoming-a-core-process-and-value-driver

Scene setting; the state of AM In aero
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Scene setting; the state of AM in aero ngterigiise

Global metal and polymer Additive Manufacturing market
2020 to 2021 and supplier forecast 2026 [EUR billion]

® System
Material

Part Manufacturing supplier

| 't goosving...

ive-manufacturing-report.com
2022, AMPOWER GmbH & Co. KG




Scene setting; the state of AM In aero
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Scene setting; the state of AM In aero
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Certification Memorandum
Additive Manufacturing >

EASA CM No.: CMi S-008

éthese methods can produce complex parts v

which are highly material, process, and configuration dependent and which

may generate SiGRNCANBVENaBIN if production is\not governed by strict
process control documentation. Therefore, design and production of a

certifiable part will rely upon close communication between design
organisations, production organisations, and mat er i al suppli ers



_rnaterialise

Addressing the qualification challenge ~

A

A
A
A

EASA memorandum update in Nav. 2020 is hinting for the first time at
the distinction between low and high criticalityn the context of AM

EASA trying teeduce  burden and LQ@in lowcriticality. parts; defining
certification needs b@roportional to criticality, navelty, complexity

Make industry more@utonomausin collabarating for these
applications

Definition of no/low vs high criticality yet to be developed



- Certification requirements unclear
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Develop standards
In AM production data

—— Focus on
- low criticality applications




A step by step approach

Criticality
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Part selection
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Part classification materialise

innovators you can count on

High
Consequence
of Failure

Negligible
Consequence
of Failure

Primary A
Classification

Structural Structural
Demand Demand
High Low High Low
High % Low High @ Low High % Low High E Low
Class Class Class Class Class Class Class Class Secondary
Al A2 A3 Ad B1 B2 B3 B4 Classification

Focus on low criticality near term,

while evolving the landscape for longer term high(er) criticality



Manufacturing Control materialise

A Level of control in the part design vs level of detalls in the
manufacturing system

A Up-front control of material and processes vs ppsbduction checks
and inspections

A Application criticalityis always a factor

Manufacturing control is a delicate balancing act



Low criticality parts: Materialise aerospace in nu’mgrers

&

| 8L
26,000 parts per year for the Airbus A350 ecosystem

s— W) |
700 part series per year across diverse aergspace customers;
Over 10,000 units In our longest-running series of recurring parts

Over 160,000 Flying parts produced %



High(er) criticality parts: a slow (r)evolution 1w

innovators you can count on

Expected Evolution of AM Landscape...

Model-
Enabled
Longer—term Qualification
< Development of
Potgntlal areas Public Specs & In-Situ Process
of higher risk Standards Monitoring

Sy

Topologically
Optimized
Design for AM Structures /

Guidelines Aftermarket AM | [pMaturation of
Parts AM Equipment

Business Pressures
Development of AM | to Gradually
Guidance by NAAs Reduce Production
Cost / Time

Medium-
Criticality Parts

Point-Design
Certification

\ Low to Medium

Low Criticality _
Production Volumes

Parts

\
Full Vertical

High Design Integration

Margins

vl P

¢KAad af ARS gla AYAuAlffe RSOSTE 2

most elements are still relevant today
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Scene setting; AM specific attributes to address Ehk e

Characterization and role of inherent (and rogue) material

anomalies/defects Each individual
Anisotropy | _ category has been
Location- SpeCIfIC pI‘OpertIeS ' encountered in Other

Residual stresses
High process sensitivity / large;number of controlling parameters
Effects of post-processing (HIP, heat treatment, surface

material systems

i mprovements, é) UniquenatureofAM:
Material-specific NDI considerations all of these categories
Effect of surface conditions may apply

Susceptibility to environmental effects

25355 ST 5 555 55, 8

Minimum Tensile strength is not sufficient for higher criticality parts



Materialise commitment to lower barriet

Materialise has a role as an EASA 21.G Production
Organization in lowering the certification barrier, for
new AM-suitable parts

Experience in supporting the certification process for’
new parts, successfully qualifying a new technology
with Airbus 1 1}

We offer co-creation of allowables to support
gualification efforts

We support customers in defining design values,
based on the material allowables obtained for long-
term process control data

GOALbuild a comprehensivalatabaseo Stipport DOA iiDfAM



Scene setting: Traditional part design approach

Authority

DOA

POA

> >y D>

standards/norms
databases

best practises
handboaoks

materialise

innovators you can coun
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Data sharing y
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STRESS'
Average properties

Material allowables

Scale
factor

Design values

n

MATERIAL PROPERTY




Data sharing

materialise
Process PCEROPA2241 . |
Material PA241FR /1R o B P I ot O P02 0 2 HE R T || R -
MachineType EOS’760| P770 |
TestMethod 1ISO527-2/A1 e eiiom e 162099 (o 1082aei

M unenmenies
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& Wb kil | Selchhes 12

S = Specification Minimum o p_pagje: At least 90% of population

equals or exceeds value with 95%
confidence.

o A-Basis: At least 99% of population
equals or exceeds value with 95%
confidence or the specification
minimum when it is lower.

- Mechanical Property (i.e., FTY,etal)




