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Duurzaamheid voor de Krijgsmacht: Een operationeel voordeel!
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Additive Manufacturing for industrial

applications is rapidly gaining momentum

The

Economist

Shapeways 3D Printing News and Innovation

World politics | Business & finance | Economics | Science & technology | Culture | Blogs | Del

Special report: Manufacturing and innovation ~

Thursday, October 18

A third industrial revolution

As manufacturing goes digital, it will change out of all recognition, says
Paul Markillie. And some of the business of making things will return to
rich countries

Factory of the Future: Our Plan to
3D Print 3 to 5 Million Unique
Products Per Year in NYC

W Twost

Apr 21st 2012 | from the print edition

Like 2.7k

W Tweet | 1.339

Shapewsys Director of Industrisl Engineering Kegan Fisher (@* 1} shares our vision
for the future of manufacturing az we cut the ribbon on our NYC Factory of the Future

When we opened the doors to the Shapeways NYC office, we dreamed of building a factory
nearby. A factory that would provide the thousands of designers and innovstors in NYC a
place to bring their products to life.

We are incredibly excited to announce that today marks the beginning of our Factory of the
Future in Long Island City. We are cutting the ribbon on our new space with a lite help from
our friends...including Msyor Bloomberg of NYC and Kenneth Adams, President & CEQO of
Empire State Development.
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UK must build on its additive
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Enginearing excellence
evaris A
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The UK has somathing of a chequered history when it comes to Yobis Search
Awards 2051 capitalising on its technical expertise. From Frank Whittle's work on the

o angine to Alan Turings grandsresking computar sclence rasearch,
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neruspace .
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New Posts

Forbes -

TECH 5

Additive Manufacturing Will
Change in the Next 5-10 Years

+ Comment now

@ 11:56AM | 10.865 views

Manufacturers looking to i
shorten supply chains, B
eliminate shipping costs and

reduce lead times can benefit 95
from additive technologies.

One of the top events is Wiwest
coming up this month: 60
RAPID 2012 is an event that

brings buyers, sellers and [in BT
end-users of design,

prototyping, tooling and direct manufacturing technologies 24
together in an educational (and some sales) environment. QY submit
The Society of Manufacturing Engineers (SME) RAPID P
2012 Conference will be in Atlanta, Georgia this year on May 22 —

25. Everything from reverse engineering (via 3D Imaging) to g«
medical/dental devices and implants, laser sintering (think 3D

printing in metal), 3D printing with electronies embedded, and a 0

Hardware

T EcoNomic Times

What's your .net idea?

Home News Markets IPO Personal Finance [RUIM Jobs Opinion Features Environment Biog
IS Software | Intemmet | TeS

You are here: ET Home » Tech » Hardware

3D printers bl;irig hi-tech manufacturing to the home
Story  Comments - S @ AA S EEmeEY
Read more on » Priters

MakerBot | digital model | 3D printers

Ads by Google

2 23 0 0 Capgemini oplossingen

= wwi.nl.capgemini.com/oplossingen -
EiRecommend | Tweet. [T share B -1 Consulting, Technology, Outsoureing People matter,
results count!

Not sa long ago, harried moms and dads would brave
the holiday season crowds at the mall to buy those
Lego accessories or that Star Wars battle cruiser

Now, with increasingly cheap and easy-to-use three-
dimensional printers, they can tum out such gifts in the
comfort of the family fiving room or garage.

3D printers - which use a process called additive
manufacturing to make objects from a digital model by
Iaying down layers of material — aren new. They've
been used to make manufaciuring and engineering
prototypes for more than 25 years



AM proposition to High Tech

Light weight

* Mass reduction
* Design
optimization

L
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Free form

* Design for
optimal function
and performance
(especially flow
and thermal
design)

i

Reliability through
high integration
level

* Fewer BOM
parts

* Fewer
connections

+ Avoiding difficult
manual
integration
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Fast Design by
lower NRE cost

* First product fast
concept design
confirmation

« Complexity at no
additional cost

* Small series at
no additional
cost

ADDFAB CONFIDENTIAL

Lean logistics

* Fewer parts

* Less spare parts
stock

* Life cycle
management

* Less
transportation



http://www.industryweek.com/site-files/industryweek.com/files/uploads/2013/07/3d printing supply chain infographic.jpg

o - Z
Market demand grows; Additive Manufacturing Af ADD !/ \}

need further refining for industrial use Drmetale rieated

Industrial customer demand

Applications AddFab

Standardization

: L Building : .
Design for AM Optimization Post processing
Material
gualification

)
—_—
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To reap the benefits of AM, designers will A€ ADD 7/ \[3

need help from software

3Dmetals ricated

« Application of additive manufacturing typically begins with a thorough
assessment of the product, its function and freedom to (re)design

* (Re)design starts with a functional model including domain, load cases and
boundary conditions

» Optimization software (such as Topology optimisation) will generate a first draft
based on optimal material distribution for the required performance

« The design engineer will evaluate and fine-tune the result & shape

9 mei 2017 ADDFAB CONFIDENTIAL 5



ADDFAB A? ADD 7/ \[ 3
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ADDFAB offers engineering and 3D metal printing services and
supports its customers in the technical and commercial trade-off between
the unique 3D printing feasibilities and the established machining
technologies.

3D printing unique features are:

« Weight reduction by creating hollow stiff structures (internal hollow
structures)

« Design of complex and free form internal cooling channels (cooling
optimization)

Our services include:

« Topology optimization and engineering services

« Prototyping both 3D printing (Additive Manufacturing) and machining
* Business case validation

9 mei 2017 ADDFAB CONFIDENTIAL 6



AddFab is founded by 3 partners from ?
the Dutch high tech supply chain A ADD7/.\[ 3

1. KMWE rci

2. NTS Group @GROUP
. . machinefabriek
3. Machinefabriek De Valk DIEl [VIAILIK|

3Dmetals ricated

delagelanden@  Financial partner N Network partner

partners in finance of AddFab Brainport of AddFab

Industries
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AddFab

Material & Prototyping
process & process
selection optimisation

AM Design &
assessment engineering

Parts Post Parts supply
manufacturing processing & Distribution

3D Design & Engineering: AddFab: Shared lab facility: Post processing & Supply

e Design for Additive e Demand pooling (through partners):
Manufacturing e Materials research e Production

¢ Redesign e Prototyping o Assembly

e Digitization/scanning e Process e Supply

e Topology optimization optimization « Distributed printing

e Technology consulting e Building strategy .

o ... development

e Quality testing

9 mei 2017 ADDFAB CONFIDENTIAL 8



AddFab program designed to maximize exchange ADD FAB

of application knowledge and experiences

Masterclasses

Learning curve

Knowledge Base

Open AddFab

9 mei 2017
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Design rules for AM, topology optimisation, AM
building strategies, additive manufacturing principles,
material testing, etc

(Bi-)monthly knowledge exchange sessions,
presentation of printed products, experiences
(partners only)

White papers, presentations, articles, contacts,
lectures, etc

Quarterly demonstration of AM processes to potential
industrial users/buyers of AM

ADDFAB CONFIDENTIAL 9



Design for Additive Manufacturing
process

© ADD[F/\

3Dmetals ricated

Data
Management

« File sharing

« Scanned
Measurement

* Model Based CAD

« STL files

Design &
Engineering

* Design rules

+ Development design
tools

* Optimize use of
design freedom

* Take SLS limitations
into account

* Prediction residual
stresses

Work
Preparation

* Build preparation

* STL repair

* Optimum orientation

* Minimum support
structures

» Optimize support
design

« Slicing & Hatching:
develop methods for
parameter
optimization

Printing

* SLS

+ Optimize process
parameters

* Scanning strategies

* Post treatment

Sales

Quality Management

Material Analysis &
Validation

Material
Characterization &
Specifications

Equipment Calibration
& Performance

Process Parameters,
Control

Process Monitoring
Geometry, Roughness

X-ray, CT scan for
[[CHERGERRES

AM integration

* HSM&AM production

* Integration with
conventional
production

* Assembly
enhancements
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Quality Control
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Quality Control
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Powder Quality Control A/f ADD//\}
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AccV SpotMagn Det WD Exp }—{ 200 um
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Case Topology Optimisation A€ ADD//\}
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Tgoolac)y izl -
Vi - , |
e Design For Printings

9 mei 2017 ADDFAB CONFIDENTIAL 14



ADD/[/ [

3Dmetals ricated

Case Topology Optimisation

IS Load Condition 1 Load Condition 2
Static Static 6
Vertical i s Horizontal = ==

20K Ibs

20K Ibs

J ot p neine Load Condition 3 Load Condition 4
velL G L -
|

pracket
challenge.

Static Static Torsional

Horizontal plane at
centerline of clevis.

30 degrees from
Vertical.

20K Ibs 1K Ib-in

Lood Interfaces Interfacel

Interfoce 2
Interface 5

GRABCAD

Interfoce 4
Interface 5
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Additive Manufacturing solutions for A€ ADD FAB

Aerospace & Defense market Drmetals - ricatod
— Magics—

Focus Area Design Space FEM Model Optimization

Weigth reduction & Stifness: % & %

1. Hollow stif structures /

2. Optimise resonant frequency " | { “ ]

3. Topology optimisation 3-matic S

Awstore features
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Additive Manufacturing solutions for Aﬁ ADD FAB

Semiconductor market

3Dmetalsi = ricated

Focus Area

1.

2.
3.
4

Complex components including internal
cooling channels and internal structures:

Cooling channels (flow optimization)
Optimise resonant frequency
Topology optimalization

Cleaning of Channels (loose particles)
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Additive Manufacturing solutions for Aﬁ ADD FAB

Medical & Analytical market 3Dmetalsfabricated

Focus Area
Complex implant design incorporating

S — articulated joints and dedicated features
‘ — Dental steg .. . .
Mixing and transporting of fluids:

Jaw 1. Scanning,
2. Value Engineering
3. Topology optimalization

Spinal implants

G

Hip Joint

9 mei 2017 ADDFAB CONFIDENTIAL 18
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Focus Area

Complex implant design incorporating
articulated joints and dedicated
features

Mixing and transporting of fluids:

1. Scanning,
2. Value Engineering
3. Topology optimalization

o
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Additive Manufacturing solutions for G
Industrial Automation market A AgDmg F%B

Focus Area

Complex integrated components
including internal cooling channels and
internal structures. Mixing and
transporting of fluids:

=

Cooling channels (flow
optimization)

Hollow stif structures
Optimize resonant frequency
Topology optimalization

Cleaning of Channels (loose
particles) o

ok wnN
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Printing Process: different technologies A€ ADD//\}
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3D Systems ProX300

SLM Solutions 280 HL
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* Focus on Industrial Additive Manufacturing
* Vertical Integrated Supply Chains (From powder to part)
* Application development

* Integration of functions into one part

* More complex parts
* New design options will contribute to lower TCO

But lack of 3D printing expertise and lack of mature 3D printing technology

- °
are main challenges %%

°
) DO LIST

So focus on:
education,
sharing of experiences and examples
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Samenwerken _
3Dmetals = ricated

ADDFAB

Fabriek van de Toekomst

OVER BIC

Campus van de Toekomst
Onderdeel van Brainport Park

S
3

e
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Het businessmodel BIC A€ ADDFAB
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Afnemers op
BIC enin
internationale
markt

Ondernemer
met product
en/of dienst

Productie & Ontwikkeling
assemblage in AddFab

door Bl shared

bedrijven facility ADD[7/\[3

NTS)GROUP

machinefabriek delagelanden@ N
DIE]_[VIAL (K Bkeot

J U
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AddFab focus AP ADD [P/
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(
machinefabriek
el E GROUP mEmNEMmI
l oo bdn
Industries ' o
\_ _J

Markets

Shared Fabrication
&

Competence center
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Arno Gramsma
a.gramsma@addfab.nl
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