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Key figures

A One-stop-shop for additive manufacturing covering the entire

process chain

A Pooling of resources of RWTH Aachen Campus and facilitating
Addi ti ve

i ndustryob6s access to

leading scientific and research institutions

t he

A 100+ researchers engaged in topics around the AM product life

cycle and industry structure

A Delivery of approx. 100+ industry project in consulting,

engineering and research
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Community
The Aachen Center for Additive Manufacturing

Navigating AM complexity Leading-Edge Research in Additive Manufacturing

Creating opportunities by leading-edge R&D, professional training .
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A Dedicating 3,000 m2 lab space to AM research

"'a'.' Connecting 100+ researchers in the field of AM

The ACAM is your one stop shop for Additive Manufacturing research, education, engineering and consulting.
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Heritage
The Cradle of Metal AM

The worl déds m
and multifaceted AM

The cradle of ecosystem

metal AM

First Hybrid @ ~ ‘ ~
Machine Tool "

Foundation

Basic Patent of ACAM
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Basic AM Seminar T Content #

1 Introduction to Additive Manufacturing (AM) 5
2 Overview of AM Technologies 11
3 AM Application Examples 25
4 Considerations for Successful Adaption of AM 35
5 Future Perspective of AM 51
6 Summary 56
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Introduction to AM
Additive Manufacturing i Definition

Definition (ASTM 52900)

AAddi tive Manufacturing (
that

A produces components from 3D model data

A by joining material usually layer by layer,

A as opposed to subtractive and formative

manufacturin met hods. 0 ——
g ? | : !:?'htt “/Iwww.youtube.com/watch?v=yW4EbC

Definition (VDI 3405)

AManufacturi ng pmworkpeesess i n
built up in successive layers or units. 0

https://www.youtube.com/watch?v=2qI2N7G6dDe 2 _h -,,',,.,',..: om/watch?v=te90aSZ0kf8
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Introduction to AM
Hype or Manufacturing Revolution? - Global Interest on AM According to Google Trends

Global relative interest (Google Trends)

Relative Interest in "3D Printing"

100
4

90 ﬁ z

S [ | N A Overall positive trend of relative interest in AM and 3D
0 Nl LindMge printing in online search platforms

60 A Lower interest in AM compared to 3D printing because

AM is the more scientific term

50

40 A Strong increase of the search term 3D printing

30

20 Ai3D Printing has\the pot e
10 revolutionize the way we make

al most everythingo
0
01.10 01.12 02.14 02.16 03.18 04.20 04.22 05.24 Barack Obama, State of the Union,
Feb 2013

)
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Introduction to AM
Positive Historic and Future Development of the AM Market

Total AM market size according to different market
reports [$ billion]

120 Historic data

. Forecast «

A Overall positive forecasted and historic growth rates in all

e Report Linker
reports

100 Grand View Research

Emergen Research

A Diverging positive forecasts indicate a developing

=) . .
! ——Mordor Intelligence volatile and uncertain market
» 80
B’ == Precedence Research
é = uture Market Insights . )
5 o —OClobal Market Insighis A Included revenue (primary market):
X -
g - Persistence Market Research A AM Systems
g = Fortune Business Insights A Software
g 40
G A Materials
17 46 2214 A Services
20 1190 1490 "
9.40 1120 %
0
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Source: Hubs Additive manufacturing trend report 2024 and cited sources
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Introduction to AM
Market Overview

PERCENT OF TOTAL AM INDUSTRY REVENUE (%)

e OTHER

@ CONSUMER PRODUCTS — g%

/
DEFENSE
@ ELECTRONICS

MEDICAL & DENTAL @
10% —

18%

7%

____ SPACE & AVIATION @

8%

AM SERVICE PROVIDER -~

8%
8%
HEAVY TRANSPORTATION -~
0 ENERGY
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Introduction to AM
AM Benefits and Barriers

0 AM Benefits

Q AM Barriers

> > > > > > >

Design freedom: Complex features, lightweight, monolithic
Flexible design iterations and engineering changes
Integration of functions

Economic small quantities and individualization

Short time and efficiency idea to product

Short supply chain

Insourcing: Appealing for staff in industrialized countries &
high degree of automation

Sustainability by material reduction or efficiency in

performance

D> > >

> o> D

Long printing times

Almost no economies of scale

Low surface quality as-built

Large geometrical tolerances as-built
Requiresi Addi ti ve WNKilsdset o and
Complex quality assurance and certification

Health and security measures required

AM benefits and barriers are not generic i consideration of use case, AM technology and process chain mandatory

Source: Unsplash, Pexels
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AM Technology Overview
Segmentation of Established Metal AM Technologies

Additive Manufacturing

: : L Material . . . .
Powder Bed Fusion Direct Energy Deposition Extrusion Binder Jetting Material Jetting
I I I I I I I I
Fused with laser Fused with electron Laser energy Laser energy absorbed Fused with With filament, green Joined with bonding Cured with heat, to
beam absorbed by substrate by powder feedstock electric arc part to be sintered agent, to be sintered be sintered
v v v v v v v v
L-PBF EBM LMD EHLA WAAM Metal FDM BJ NPE
Laser Powder Bed Electron Beam Laser Metal Extreme High Speed Wire Arc Additive Metal Fused Binder Jettin Nano Particle Jettin
Fusion Melting Deposition LMD Manufacturing Deposition Modeling 9 9
INERT GAS VACUUM METALLIC
FILAMENT

INERT GAS

w

BINDING AGENT |
¥

666

METAL
POWDER

METAL

Source: Derived from Fomrnnext AM Field Guide Compact and DIN EN ISO/ASTM Terminology
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AM Technology Overview
Segmentation of Established Metal AM Technologies

Additive Manufacturing

: : L Material . . . .
Powder Bed Fusion Direct Energy Deposition Extrusion Binder Jetting Material Jetting
I I I I I I I I
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INERT GAS VACUUM METALLIC
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INERT GAS

w

BINDING AGENT |
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POWDER

METAL

Source: Derived from Fomrnnext AM Field Guide Compact and DIN EN ISO/ASTM Terminology
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AM Technologies
Laser Powder Bed Fusion of Metal (LPBF)

%;Zj Process Principle » Process in Action
. Deposition of Selective melting of powder by
; powder layer laser beam
@

-

Post-
Process

Metal Powder TN /Lowering of build
platform

o

A Selective melting of metal powder layer-by-layer with one or more lasers

S
om/watch?v=te90aSZ0kf8

A Requires support structures for overhangs

A General suitability for weldable materials, comparably many alloys are qualified (e.g., steels, Ni base alloys, CoCr, copper and alloys, Ti
and alloys, Al alloys, refractory metals, Mg alloys, HEA)
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AM Technologies
Laser Metal Deposition (LMD)

%—if Process Principle » Process in Action
Laser beam
. £ ' Powder in inert
X ) gas flow
Post-
+ Melt pool Process

ettt |

e\ |

with wire)
Fraunhofer ILT

https://www.youtube.com/watch?v:ZqIZN7G6m30

A Used for additive manufacturing, additive coating and repair (deposition on existing geometry)
A Powder is transported by an inert gas flow
A Energy for melting the metal powder is mainly deposited in the substrate, not directly in the powder

A General suitability for weldable materials, different materials qualified (e.g., steels, Ni-base alloys, Al alloys)
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AM Technologies
Extreme High Speed Laser Metal Deposition (EHLA)

%:Zj Process Principle » Process in Action

Laser beam

Powder in inert
gas flow

Digital Model

Melt pool Post-
Process
Layer
Metal Powder : §
h ching t\\::
Fraunhofer ILT RWTH DAP

p>

Application of homogenous coatings on rotationally symmetrical parts with higher process speed than LMD

p>

Powder is transported by inert gas flow

N\ >\

Energy is mainly deposited in the metal powder and not the substrate
A EHLA for AM of 3D parts is an emerging technology

Aachen Center for Additive Manufacturing | RWTH Aachen Campus fo rm Page 16



AM Technologies
Binder Jetting (BJ)

%:ﬁ Process Principle » Process in Action

Digital Model

‘l/ N '\\‘/ Post-

+ Process
Lowering Deposition of
of build powder layer &
platform binding agent

Metal Powder
& Binding
Agent

Ve

A Production of complex geometries by selective deposition of binder agent on metal powder layer by layer
A As-built part is in green state and requires further processing steps for functionality (e.g., curing, depowdering, sintering)
A Compared to LPBF lower technological maturity and less materials qualified, but potential of higher productivity

Aachen Center for Additive Manufacturing | RWTH Aachen Campus fO rm Page 17



AM Technology Overview
Segmentation of Established Polymer AM Technologies

Additive Manufacturing

Powder Bed Fusion Material Extrusion Material Jetting Photopolymerization of Resins

Fused with agent +

energy Fused with laser With filament With granulate Cured with UV light Cured with laser Cured with projector
v v v v v v v
SLS FDM
.MJF . Selective Laser Fused Deposition Granulate FDM .M‘] . S.LA . .DLP .
Multi Jet Fusion o . Material Jetting Stereo Lithography Digital Light Processing
Sintering Modeling
(INERT GAS) POLYMER POLYMER ®e * °®®
IR ENERGY n FILAMENT GRANULATE u, ) *
(X l
]

BINDING AGENT

PROJECTOR

PHO'EgIT(RJIk\;MEH
| |<§'Z> LASER %
o é s 66 (00D
-

& g C— ~
= =& — ~  C— ~ = o—
= =S — __ — D o—
SN - ] S
z z z z z
| | | ~~ PHOTOPOLYMER | =~ PHOTOPOLYMER | |

Source: Derived from Fomrnnext AM Field Guide Compact and DIN EN ISO/ASTM Terminology
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AM Technology Overview
Segmentation of Established Polymer AM Technologies

Additive Manufacturing

Powder Bed Fusion Material Extrusion Material Jetting Photopolymerization of Resins

Fused with agent +

energy Fused with laser With filament With granulate Cured with UV light Cured with laser Cured with projector
v v v v v v v
SLS FDM
.M‘]F : Selective Laser Fused Deposition Granulate FDM .M‘] . S.LA . .DLP .
Multi Jet Fusion o . Material Jetting Stereo Lithography Digital Light Processing
Sintering Modeling
(INERT GAS) POLYMER POLYMER ®e * °®®
IR ENERGY n FILAMENT GRANULATE u, ) *
[ L l
]

BINDING AGENT

PROJECTOR

PHO'EgIT(RJIk\;MEH
| |<§'Z> LASER %
o é s 66 (00D
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Source: Derived from Fomrnnext AM Field Guide Compact and DIN EN ISO/ASTM Terminology
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AM Technologies
Multi Jet Fusion (MJF)

| Process Principle » Process in Action

—

Digital Model

+

Deposition of DepositioAn
powder layer

t

Lowering of
build platform

Post-
Process

Polymer Powder to fuse

https://www.youtube.com/watch?v=KKyQJLe_G60o

hﬁps://ww.youtube.com/vA

+ fusing and
detailing agent

A Layer-by-layer application of material applied to powder in build chamber

Ve

A Introduction of liquid binder by inkjet print heads to bond powder particles together
A Energy input (curing) through UV lamps
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AM Technologies
Selective Laser Sintering (SLS)

%:Zj Process Principle » Process in Action

) . Deposition of Selective melting of
N powder layer powder by laser beam
=7 7T
Digital Model | '\/ .

"\ .
Post-
Process
2]

Polymer Powder build platform

/Lowering of
5 “

http://youtube.com/watch?v=h19cQDJQ-

A Production of complex geometries by selective melting of polymer powder with one or more lasers
A As-built parts are usually white (polymer color)
A Many different materials available (e.g., PA11, PA12, TPU, PEEK, TPE, PP)
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AM Technologies
Fused Deposition Modeling (FDM)

%:ﬁ Process Principle

» Process in Action

POLYMER
FILAMENT

Digital Model

Y. Post-
1 X
+ HOT! ;7 Process

z
Thermoplastic \lf
feedstock
(filament or
pellets)

p>

Thermoplastic feedstock is molten and extruded through a hot nozzle

p>

Support structures are required for overhangs

p>

Use in industry, but also huge open source and DIY community

A Many materials available (e.g, PLA, ABS, PP, PA, PC, TPE, TPC, TPU, PEEK, PEKK, PPSU, PEI)

Aachen Center for Additive Manufacturing | RWTH Aachen Campus

https://www.youtube.com/watch?v=yKHMmKqd|68
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AM Technologies
Stereolithography (SLA)

““| Process Principle

4
1 /6
vz 7
—~7 2 9 O\
; ; Post-
b Process
| I
\ !
3 2
1. Surface of polymer bath 5. Housing
2. Laser 6. Support structure

3. X-Y-scanner

Photo-reactive 4. Generated part

resin

Ve

Ve

7. Polymer batch
8. Build platform

A Requires support structures for overhangs

A Wide range of photo-reactive resins with different optical, thermal and mechanical properties

Aachen Center for Additive Manufacturing | RWTH Aachen Campus

» Process in Action

A Polymerization of photo-reactive resin by selective scanning with a UV laser beam (usually through transparent container from below)

form

Page 23



AM Technology Overview
Segmentation of Other AM Technologies

Additive Manufacturing

Material Extrusion Binder Jetting Material Jetting Sheet Lamination
I I I I I
Material extru_5|on of Paste extruspn of Joined sandi or gypsum with Selective application of wax Cured with projector
composite any material bonding agent, droplets
CFF SDL /LOM
Continuous Filament PEM BJ DOD Selective Deposition
. Paste Extrusion Modeling Binder Jetting Drop on Demand Lamination / Laminated Object
Fabrication .
Manufacturing
MATERIAL

FILAMENT

%\Z)

| BINDING AGENT

bob (60D

(%IZ)

GLUE (& INK)

(CUTTER}

b6 4 6
ik

2
CONTINUOUS
7z FIBRE

MATERIAL

HOT! PASTE

--------------
...............

SHEET MATERIAL

v v ¥

Source: Derived from Fomrnnext AM Field Guide Compact and DIN EN ISO/ASTM Terminology
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AM Application Examples *
Rocket Engine

%;Zj Characteristics RAPTOR

A Engine used in SpaceX launch vehicles

A Designed for extreme reliability

A Increased performance
A 185 tf to 280 tf thrust (sea level)
A 200 tf to 306 tf thrust (RVAC)

A AM technology: L-PBF / LMD

© SpaceX © SpaceX

o Utilized AM Benefits

A Integration of functions

A Increased speed of development and testing
for highly complex parts

© SpaceX
Source: SpaceX
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AM Application Examples
Housings - Smart Devices

%:ﬁ Characteristics

A Housing of Apple Watch Series 11
A Made from Titanium and Aluminum
A 50% reduction of raw material usage
A USB-C port housing of iPhone Air
A Made from Titanium
A Weight reduction of 33%
A AM technology: Metal Binder Jetting

o Utilized AM Benefits

A Usage of recycled material

A Design freedom to decrease component size

A Design freedom to increase component
strength

Source: https://www.apple.com/pl/environment/pdf/products/watch/Apple_Watch_Series_11_PER_Sept2025.pdf, https://www.apple.com/newsroom/2025/09/introducing-iphone-air-a-powerful-new-iphone-with-a-breakthrough-design/

Aachen Center for Additive Manufacturing | RWTH Aachen Campus

© Apple

form
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AM Application Examples
Thermal management - Advanced Cooling for Electronic Components

= Characteristics

A Usage of advanced materials for faster printing
A Physics-based component design

N\

A Integration of organic fins

A Increased cooling performance
A AM technology: L-PBF

r © ToffeeX

o Utilized AM Benefits

Ve

A Design freedom for complex geometries

A Flexible design iterations for shortened
development time

© ToffeeX

© ToffeeX

Source: https://toffeex.com/fraunhofer-iwu-accelerates-cold-plate-design-with-advanced-materials/
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AM Application Examples
Thermal management - Semiconductor manufacturing

%:ﬁ Characteristics

>

Used in Semiconductor Manufacturing (ASML)

>

Thermal conditioning of sensor to control
thermal expansion (top)

Fluid manifold to reduce flow induced
vibrations (bottom)

AM technology: L-PBF

>

- - - © ASML

>

o Utilized AM Benefits

A Design freedom for optimized channel geometry

A Processing of special alloys with high chemical
resistance

Source: ASML, https://www.euspen.eu/knowledge-base/AM23157.pdf
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AM Application Examples
Series Part - Making of Toys

% Characteristics

A Toys with integrated moving parts

>

Large manufacturing volumes of small parts
A Fine resolution of parts

A Integrated connectors to other bricks

A AM technology: SLS

o Utilized AM Benefits

A Design freedom for complex geometries
A Integration of functions to move parts

A Flexible design iterations for shortened
development time

Source: Lego

Aachen Center for Additive Manufacturing | RWTH Aachen Campus

© Tiago Catarino
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AM Application Examples
Jigs & Fixtures - Assembly and Manufacturing Aids Using FDM

%:ﬁ Characteristics

A Frame for measuring gaps in assembly e.g.
between body and the door of a vehicle

A Aids for manual positioning of badges
A Welding fixture
A AM technology: FDM (large format)

o Utilized AM Benefits

A Lightweight design and materials
A Part consolidation to avoid assembly steps
A Economic small quantities

A Short time and efficiency from idea to product
(e.g., 8-10 weeks to 2-3 days for seal gap frame)

A Flexible design iterations & engineering changes

Source: https://bigrep.com/ebooks/ford-upscales-their-in-house-tooling-with-bigrep-3d-printers/
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AM Application Examples
Series Part 1 Filters for Circuit Brakers Using Binder Jetting

= Characteristics

A Series production with 1300 parts a month
produced

A Filters for electric circuits to capture ionized
particles and reduce exhaust

A AM technology: Metal Binder Jetting

o Utilized AM Benefits

Ve

A Design freedom for features like lattice structures
A Design freedom to reduce the component size

https://www.metal-am.com/articles/metal-am-on-an-industrial-scale-gkn-additive-commercialises-binder-jetting/

Aachen Center for Additive Manufacturing | RWTH Aachen Campus fOl'm
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AM Application Examples *
Series Part - Coating of Brake Disks Using EHLA

%;Zj Characteristics

A Additive coating of brake disks

A Up to 90 % reduction in brake disc-related
particulate emissions

>

Corrosion-free, also in recuperation mode

>

Longer usage time with only low additional cost
for coating

AM technology: EHLA

www.wecodur.de/portfolio/anwendungen

>

o Utilized AM Benefits

A Economic and ecologic sustainability though
performance improvement in use

A Economic and ecologic sustainability through
material efficiency

A Integration of functions

https://dap-aachen.de/project/ehla https:/iwww.wecodur.de/portfolio/technologie/

Source: HPL Technologies, WECODUR
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AM Application Examples
Repair - Turbine Blade Using LMD

%:Zj Characteristics

A Repair of a chipped turbine blade

A Scan the damaged part and compare with
undamaged CAD data

A Material: Nickel Alloy
A AM Technology: LMD

0 Utilized AM Benefits

A Agile repair process

A Easily adaptable to different parts
A No need to produce new part

A Time and cost effective

Source: NIKON SLM - https://www.nikon.com/company/news/2024/0409_01.html

Aachen Center for Additive Manufacturing | RWTH Aachen Campus

loflapplication’

X98y18270

Turbine Blade

LM101-9

pliaSermeister starts the repair; e
: ~

Processing Chipped Part
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Considerations for Successful Adaption of AM
Benefits Through an AAdditive Mindseti

Comparing Apples with O eAdditive Manufacturing is different

l{ Different cost structure: High upfront investment costs and high
Q material prices, but no part specific tool cost

pl c
X DN @

7Y Successful AM adaption requires consideration of AM
O\ differences. Without change of expectations, AM turns

<  outasa poor substitute for established processes. ‘

Source: Effectory, TCT

4
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Considerations for Successful Adaption of AM
Different Cost Structure of Conventional Manufacturing (CM) and AM

Weight reduction means cost reduction Complexity (almost) for free Individualization (almost) for free
& Cost & Cost i Cost
AM
AM AM
CM CM CM
. —> —> —>
Weight reduction (Product-) Complexity Lot size

BMW Group

Aachen Center for Additive Manufacturing | RWTH Aachen Campus form Page 37



Considerations for Successful Adaption of AM #
Different Process Chains Result in Different Manufacturing Cost Structure

Conventional process chain Additive process chain
Inconel : L Heat . . . Inconel 3D Heat :
powder e N ‘-’ Treatment M & > Inspecting Powder K Printing Treatment Sty

A |
v
™ Support Surface .
N Pressing — Sintering \ pp — —> Inspection

powder removal treatment

é > é
e > e
Semi- r \
finished — Cutting — Turning 0
product

Additive Manufacturing allows to transfer process chain complexity to part design (e.g. through part consolidation)

Aachen Center for Additive Manufacturing | RWTH Aachen Campus fO rm Page 38



Considerations for Successful Adaption of AM
Benefits Through an AAdditive Mindseti

Comparing Apples with Orangd&sléditive Manufacturing is different

O

Financial return and technological feasibility must be considered
in identification of parts with positive business case

~ differences. Without change of expectations, AM turns

<  outasa poor substitute for established processes. ‘

Source: Effectory, TCT

\@/ Successful AM adaption requires consideration of AM

4
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Considerations for Successful Adaption of AM
Part Identification

Part identification process Mapping of possible candidates to find target parts for implementation

—

Target Parts

A Preliminary Selection Collaboration with technology
partners:

Development of prototype components
and processes to validate assumptions
and prove AM feasibility

printable

A Financial Assessment

O Keeping in backlog for future
developments:

Technology and market evolution can
change the feasibility status of parts.
Focus on parts with high potential ROI

A Technological Assessment

Technological
Feasibility

A Implementation

not printable

>

low . . high
Source: ACAM Webinar fASoftware or Expert? Part IdentifiElﬁlancha{RETdenAdditiveg() with RWTH DAP

Aachen Center for Additive Manufacturing | RWTH Aachen Campus
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Considerations for Successful Adaption of AM
Benefits Through an AAdditive Mindseti

Comparing Apples with Orangd&sléditive Manufacturing is different

Enables new business models such as mass customization or
digital warehousing

O
=)

\@/ Successful AM adaption requires consideration of AM @

~ differences. Without change of expectations, AM turns

<  outasa poor substitute for established processes. ‘

Source: Effectory, TCT

4
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Considerations for Successful Adaption of AM
Business Models Based on AM

. Q : :
o AM Benefits Enabled business models for AM users (not a conclusive)

Design freedom: Complex features, lightweight, monolithic

Flexible design iterations and engineering changes

Integration of functions

Economic small quantities and individualization Dig\i\tlzlr:ﬁ;rjileoa” Service provider Online marketplace

Short time and efficiency idea to product

Short supply chain

> > > > > > D>

Insourcing: Appealing for staff in industrialized countries &
high degree of automation
A Sustainability by material reduction or efficiency in

performance

Mass customization Co-Production é
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Considerations for Successful Adaption of AM
Online Marketplace with Instant Quoting for On Demand Manufacturing

PROTIQ ¥ometry HUBS

Online marketplace for AM AM provider Customers

Al Proy \ region 1
A Integration of manufacturing providers : ‘(Q‘.
A Platform for customers to compare manufacturing Cusidmers .
services of of different providers reg.on 2 -R
A Instant quoting tool with cost and delivery dates ) rAe'\gigLO‘l’ider e
based on CAD upload by customer ‘ . .
A Automated design check of uploaded models

Exemplary AM marketplaces

-umﬁ

H
H

/P

i

H
H

A Protiq AM provider E

A Xometry region 3 % Short time and efficiency from idea to product
A Hubs .

A Jellypipe Cu“s‘tomers Economic small quantities and individualization
A HP Digital Manufacturing Network region 3

A

é ‘Q‘. Short supply chains
—
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Considerations for Successful Adaption of AM
Benefits Through an AAdditive Mindseti

Comparing Apples with Orangd&sléditive Manufacturing is different

O
=)

@ Products and required expertise along the product life cycle

\@/ Successful AM adaption requires consideration of AM are different (e.g. Design for Additive Manufacturing)

~ differences. Without change of expectations, AM turns

<  outasa poor substitute for established processes. ‘

Source: Effectory, TCT

4
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Considerations for Successful Adaption of AM #
Algorithmic Design for Additive Manufacturing i Generative Design

How?

—

Conventional design Additive design

Source: RWTH DAP, e.GO
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Considerations for Successful Adaption of AM #
Algorithmic Design for Additive Manufacturing i Generative Design

Evaluation and

o - Definition of Definition of loading o :
T s g manufacturing and boundary e e b
engineer

| | |
Design and process know how engineer Algorithmic Decision by engineer
optimization

Source: RWTH DAP, e.GO
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Considerations for Successful Adaption of AM #
Algorithmic Design for Additive Manufacturing i Generative Design

Generative Design

& | RINTHAACHEN
dap UNIVERSITY

In cooperation with

ceGO A

AUTODESK.

Source: RWTH DAP, e.GO
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Considerations for Successful Adaption of AM
Algorithmic Design for Additive Manufacturing i Busbar Design Configurator

Boundary conditions CAD model

AUTOMOTIVE BUSBAR
E— S
e G A SHORTEST PATH ALGORITHM

50 mm

CIRCUIT DIAGRAM WINDING SCHEME
P1

Star connection

P3

P2
ELECTRO MAGN. CONSTR. AM DESIGN RESTR.

Ret(T) = %* P(To)(1 +a(T —To) VDI 3405

PRINTED PURE
COPPER BUSBARS

Source: RWTH DAP
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Considerations for Successful Adaption of AM
Benefits Through an AAdditive Mindseti

Comparing Apples with Orangd&sléditive Manufacturing is different

7Y Successful AM adaption requires consideration of AM @
O\ differences. Without change of expectations, AM turns

<  outasa poor substitute for established processes.
(@) Some AM technologies require complex health & security
measures

4

Source: Effectory, TCT
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Considerations for Successful Adaption of AM
Health & Safety Risks and Measures for Prevention

Q Risks of Metal Powder 0 Health & Safety Measures

Standard PPE

A Protective gloves
o ; . i
<= A Work protective clothing
A Respirator mask
A Tight-closing safety goggles
GHS05: GHSO1: GHSO02: GHSO03: F 9 Ing safety gogg
Corrosive Explosive Flammable Oxidizing A Anti-static work shoes

Heat-protective gloves

Flameproof clothing

Extended PPE
b Y. A
A Full respiratory mask

A

A

GHSO06: GHSO07: GHSO08: GHSO009: A
Toxic Harmful Health hazards Environmental

hazards A

Protective shield

A ESD wristband

N

.

Prevention of health hazards requires implementation of specific safety measures
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Basic AM Seminar T Content #

1 Introduction to Additive Manufacturing (AM) 5
2 Overview of AM Technologies 11
3 AM Application Examples 25
4 Considerations for Successful Adaption of AM 35
5 Future Perspective of AM 51

6 Summary 56
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Future Perspective of AM

What Does the Future Hold for Additive Manufacturing?

A
_;@‘P.ul Expected market development 0 Prognosis of cost development
A
White House Convenes to Propel Additive
40 Manufacturing Investments
. = Average of forecasted values (various reports) 2~ i n
°
m Average of historic estimates (Wohlers, SmarTech) g =~
g 30 [
N 5
T ._ 25 =
556 g
; 5 20 ©
<& —
[ 15
L >
10 2015 2020 2025 2030 2035 Time
5 . . .
I I A Increase of machine productivity
0 _\@'_ A Decrease of material prices
2014 2016 2018 2020 2022 2024 2026 A/~ A :
= A Higher degree of automation

A Increase of AM specific standards

Continuous growth is predicted for the AM market and there is still high public funding. However, we see market

consolidation and pressure on companies to become economic, which are signs of an increasing market maturity.

Source: Audi AG, Hubs, Wohlers, SmarTech, Metal-AM
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Future Perspective of AM
Emerging AM Technologies i Metal Binder Jetting for Mass Production

99 Expectations in productivity

5

A More parts per build job due to 3D nesting
compared to 2D nesting with LPBF

A Higher productivity

A No support structures printing and removal
required

K Barriers for realization

A Additional process steps: Debinding &
Sintering (sintering shrinkage compensation)

A Limited part size
A Manual effort for removal of green parts from
powder cake, no automation

A Comparably low technology maturity compared Metal AM on an industrial scale: GKN Additive

to LPBF draws on decades of sintering expertise to

Source: 3Dnatives, AFMG, GKN, Metal AM Magazine commercialise Binder Jetting
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Future Perspective of AM
Emerging AM Technologies i EHLA for Non-Rotational Symmetric Parts

%ﬁj( Characteristics of the Ponticon 3D EHLA Process

A Additive coating and manufacturing of
components

A Non-rotationally symmetric components
possible

A Complex surfaces can be coated locally
A Wide variety of materials

A Develop and process new types of alloys /“] :

Tripod Kinematics

Source: Courtesy of Ponticon
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Future Perspective of AM
Emerging AM Technologies T Large-format metal AM

& "2
i Al ' -.
: ! >

Expectations in productivity

Nikon SLM
———————voturions ARTICLE

THE GROWING DEMAND FOR LARGE
FORMAT METAL 3D PRINTING IN
HIGH-PERFORMANCE INDUSTRIES

A AM-manufacturable parts with >1 meter in
height

A Production of large components as a single,
consolidated build

» Gone with the Fumes

Metal 3D Printing Is About to Get a Lot
Bigger, Thanks to New Chamber Air Flow

Nikon SLM Solutions & ArianeGroup to Collaborate
on Large-Scale Metal 3D Printed Components

June 24, 2025

K Barriers for realization

A Large parts often exceed the capacity of
available postprocessing-machines and i tools

A Large thermal gradients require complex path
planning and simulation

Source: Nikon SLM Solutions, AlI3DP, 3DPRINT.COM
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Basic AM Seminar T Content #

1 Introduction to Additive Manufacturing (AM) 5
2 Overview of AM Technologies 11
3 AM Application Examples 25
4 Considerations for Successful Adaption of AM 35
5 Future Perspective of AM 51

6 Summary 56
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Basic AM Seminar

Summary
Introduction to Additive Manufacturing Overview of AM Technologies
A High variety of established and

e © a pentts emerging AM technologies
70 —Avarage rshoric estmates (Wohlars, SmarTech) ° AM Barriers e
w i N A Varying technology readiness
. A Technology-specific characteristics,
® . advantages and disadvantages
" annl I A Material choice according to
®xu o o 2w oz a2 app“catlon

Future Perspective Successful Adaption of AM AM Application Examples

A Expected continuous market growth _\@/_ Successful AM adaption requires consideration of A Various applications along the product
A_/~ AM differences. Without change of expectations, AM lifecycle

A Cost decrease due to increased technology

= turns out as a poor substitute for established processes. i
readiness level, productivity and industrialization

A Differentiation in rapid prototyping,
rapid tooling and AM of end use parts
A Technological and economical challenges are

; ; A Taking advantage of different AM
Rl e DT R e @ @ benefits according to application
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Get in touch! *

Luca Juris
Consultant

ACAM Aachen Center for Additive Manufacturing GmbH CHEN CENTER

Campus-Boulevard 30 II\:’IOAI?\IGEECI:TTII\.:EIN G
52074 Aachen
Email l.juris@acam-aachen.de

Get in touch with our experts and become a part
of Europeodos most vivid AM and engineering

ecosystem!
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