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We are at the advent of a new
industrial revolution*

The says (13 Feb 2011)
Economist
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3D printing Is currently being hyped... UNIVERSITY
Gartner’s Hype Cycle for Emerging Technologies 2013
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... with “enlightenment” being reached for industrial UNIVERSITY

applications
Gartner’'s Hype Cycle for Emerging Technologies 2013
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What Is additive

manufacturing?
(3DPrinting)




3D Printing (* Additive Manufacturing”): A Whole Bunch — tivessiy
of Technologies for Digital Production

* Fused deposition modeling (FDM)

Technology: Extrusion-based printing of filaments through a heated nozzle (similar to inkjet
printing but with additional z-axis)

Used for: Low-volume rapid manufacturing of parts / components (Maker-Bot)

Mainly used material: Polymers (e.qg., ABS, PLA, polyethylene), edible substances
» Selective Laser Sintering (SLS)

Technology: Layer of powder deposited on build platform, laser fuses powder layer in the desired
shape, new powder added

— Used for: Prototyping, small-run rapid manufacturing
— Mainly used material: Thermoplastics, metal & ceramic powders

» Selective Laser Melting, Stereo-Lithography, Laminated Object Manufacturing,...

AM means digital production, i.e.
transferring a digital model directly
(mold-less) into a tangible product.

AM technology is not new, but its
diffusion and applications are!

© tim.rwth-aachen.de Source: Pham and Gault (1998); Gibson et al. (2010); McKinsey (2013)



This Is not a new concept ... original principle
goes back to 1902, core patent filed in 1984

1902 - Peacock patent for laminated horse shoes
1952 - Kojima demonstrated layer manufacturing benefits

1967 - Swainson files US patent for dual light-source resin system. __
1981 - Kodama publishes 3 solid holography methods ‘f,’ |
1982 - Chuck Hull experiments with SLA ;
1984 - Chuck files US patent 4,575,330
1986 - 3D Systems formed, others follow

1987 - Rapid Prototyping became a commercial realit

1995 - Layer manufactured parts used as tools

2000 - Layer manufactured parts used as production parts
2011 — 45,000 ALM machines globally (40 variations)
2012 — 45,000 new machines expected to be sold

© tim.rwth-aachen.de Source: Econolyst (2013) 8



What can we print today? Almost everything ... R AvERaTY

Organic Ceramic Polymeric Metallic
materials materials PEIEELS materials
{ Waxes 1[ Alumina I( ABS Aluminium
‘ T ” Mullite J\ Polyamide (nylon) Tool Steel
( Zirconia Filled PA Titanium
| Silicon Carbide PEEK ) Inconel
[ Beta-Tri calcium Phosphate Thermosetting epoxies | Cobalt Chrome ,
[ Ceramic (nano) loaded epoxies Ji Copper J
Silica (sand) ] PMMA ][ Stainless steel J
Plaster \ Polycarbonate “ Gold / platinum '
~ Graphite J Polyphenylsulfone H Hastelloy l
[ ULTEM J

[ Aluminium loaded polyamide l

© tim.rwth-aachen.de Source: Econolyst (2013) 9



Why do we need AM?




Digital Production

Individualization without cost penalty Complexity without cost penalty
Cost 4 Cost A
\ Additive Manufacturing Additive Manufacturing /

High Speed Additive High Speed Additive

Manufacturing Manufacturing
Converm\_ _%/entional
Manufacturing > Manufacturing

Lot size Product complexity

ﬁ
”a»

Product architectures optimized for Product designs optimized for
function, resource and manufacturing function, resource and manufacturing
efficiency efficiency
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Digital Production

Individualization without cost penalty Complexity without cost penalty
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Additive Manufacturing
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Do we really need / want

this?




Unfulfilled heterogeneity

of demand
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Hearing aids _(quter shells) -- an application RWTHALIEN
made for additive manufacturing ...

R

Software to design
the hearing aid

Scanning of the
iImpression

| ]
3D Printing| of
the/hearing/aid

1
T -
| {.-g "@
P -
o ‘¢-"'-'
- & 5

-~

T

Control &
assembly

© tim.rwth-aachen.de Source: Mazerialise (2014) 20



... reaching full market penetration already in 2008 R NERaTY

Digital manufacturing of shells to nearly 100% in 2 years — in 2008
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MorganStanley expects many more medical (device) RWTHAACHE

applications of AM —driver is customization!
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One of the central applications for AM are spare parts on
demand — both in consumer as well as in industrial markets
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This demands a new integration into existing value chains RWTH
— several startups are working on this
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Digital Production

Individualization without cost penalty Complexity without cost penalty

Cost A Cost A

.;f;im Additive Manufacturing Additive Manufacturing /

High Speed Additive
Manufacturing

_%/entional

Manufacturing

L

Product complexity

Product designs optimized for
function, resource and manufacturing
efficiency
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SLM-manufactured upright with hollow structures Y

B First AIMgSc (Scalmalloy®) part manufactured by HP-SLM
B Weight saving: approx. 20 %

Design for Manufacturing -> Manufacturing for Design

© tim.rwth-aachen.de 26



Selective Laser Melting SLM - Automotive Examples

Hose holder

Kinematics component
Chassis component a “ Blankholder
[

Pulley .

Blankholder
Holder gas-filled
’ absorber

Closure clamp

Blankholder
side panel

A

Heat protection blank
steering gear

‘Eﬁ% HKL hinge
Kinematics ’ g
component seat | ,ggage rack holder

adjustment Damper intake Chassis component

Source: N. Skrynecki, Kundenorientierte Optimierung des generativen Strahlschmelzprozesses, 2010

T} Z Fraunhofer

ILT




What are “they” willing
to pay for this?

How do we communicate the
additional value?




RWTH-TIM Study (2014): Highly customizable product yield a
+83% higher WTP compared to standard products

Modularly customizable

Standard product product (MC) Cont. customizable prod.
(Assortment choice) (Product configuration) (Stepless product design)
No. of _ _ —
[ overall +B3%T v
Average 14,59 (13,90)
Willingness - 1,77971) g
to pay [EUR 796(753) t +24%*
(SD)I +48%T

Low .. ... High Low .. ... High
Preference fit) ’

Uniqueness value
& pride of
authorship?

Scales
(WEEIDE  Process effortd

Process
enjoyment?

Purchase
Intention®)

Low

High

© RWTH Aachen University

*p < 0,05; ** p <0,01; ** p <0,001; WTP values not normally distributed: square root transformation of variable leads to same IeveIsUNIVERSITY

significance
1) Differences n.s.; For 2), 3), 4) and 5) differences significant** between assortment choice and product configuration as well as
assortment choice and stepless product design but n.s. between product configuration and stepless product design

Page 29



Reality check / Current issues




There is a variety of issues holding back industry from RWIH
wide scale use of additive manufacturing technologies

Speed — Conventional processes are still significantly faster.

Repeatability — Still little process prediction or closed loop feedback.
Therefore, no reliable process.

Poor materials data — Few comprehensive information on material
properties. Standardized testing protocols and certifications just under
development.

Lack of trained designers/engineers — No one can design for the complex
geometries AM offers. Also lack of trained engineers and technicians to
optimize the processes and run them.

Design Software — Existing CAD does not work well for complex
geometries (e.g. internal lattices and surface textures). No CAD solution for
geometry optimization and representation of mixed or graded materials etc.

Business Models — AM enables lots sizes of one, customized products and
remote manufacturing. This will require companies to design business in a

very different way to exploit this technology.
© tim.rwth-aachen.de Source: UK Government Report, Technology Panel (2013), Econolyst (2014) 31



An interesting development:
Industrial applications (adoption)

IS being outpaced (leapfrogged)
by “makers”




Home use of 3D printers (home fabrication, “fabbing”) seems RWIHAACHEN
to demonstrate the same steep adoption curve like other
recent digital consumer technologies /

Adoption

UNIVERSITY

Homee fabrication
Direct ?Ié‘?d?l’tt ifacturing
Rapid Tbalz'ngég
Rapid prototyping

I I I e

1980

© tim.rwth-aachen.de
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1990 2000  20I0 2020 2030 2040 2050

Source: MorganStanley (2013) 33
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While being traditionally a field of
large companies (EOS, 3D Systems
...), AM hardware is one of the areas
where user-generated hardware Is

becoming an alternative:

Consumerization of

Manufacturing Hardware
(similar to present status quo in IT!)




MakerBot




And why own it when you

can share 1t?




shapeways

. n . . Gallery Community Support My Shapeways creator

Personalized products FOR you and BY you

How it works

Simple creating

Buy and sell

Upload and 3D print

Online

v 32 members
v 320 visitors

Product categories
Download

Art

Gadgets

Games

Home decor
Jewelry

Hobby

Seasonal

Shipping

passionate about creating

Bety

Version Signup Login Contact | Search ..

«| »| Silverls Back on Shapeways A HORE

== =" Baock for Good and Better Than Ever s

All categories [w|  Search.. Search  + Advanced Search

Gifts for her Gifts for him
Jewelry, accessories and art WG]  Accessories, gadgets and art more




HOME ABOUT US CREATION CORNER 30 PRINT LAB

Hie result from a 3D model to
print is stunning. The
object fills the void in my living
room like an alien artifact:
wonderful and strange...

3D print lab

The most complete
3D print lab in the
world to bring your
unique designs to life.

LGARIRURIVIR B or (pload your 30D model

INSPIRATION ~ SUPPORT ~ BLOG / W ércﬁ/ lé:&

..materialise is a 3D printing
service for everybody with an eye
for design and a head full of ideas.

We want you to focus on the creation of designs
—-made by you- that add value to people's lives, while
we do the manufacturing.

We want to be the power behind your design. With
our unparalleled depth and breadth of knowledge with
3D printing and 30 printing software we want to offer
you the highest-quality result.»

WHAT 1S

Design tools that allow
everyone to create
unique products.




This Is where perhaps the

most serious implications
n'F AM \Al||| hn

IVI VVIiI




RWTHAACHEN
UNIVERSITY

“Digitization in manufacturing will have a disruptive
effect every bit as big as in other industries that

have gone digital, such as office equipment, telecoms,
photography, music, publishing and films.”

—The Economist, 4/21/12

© tim.rwth-aachen.de 41



Digital assets are made

for sharing




I
Materlallse-,ﬁ..;.,

innevators you cen count on

An anouncement

18 January 2013 Last updated at 08:22 ET EICiSE &

Fri

Nokia backs 3D printing for mobile phone
cases

Nokia is releasing design files that will let
owners use 3D printers to make their own
cases for its Lumia phones

Files containing mechanical drawings, case
measurements and recommended materials
have already been released by the phone
maker.

Those using the files will be able to create a
custom-designed case for the flagship Lumia
620 handset.

The project makes Nokia one of the first big The design files will let people produce their own
electronics firms to seriously back 3D printing. cases for their Lumia 820

In a blogpost, John Kneeland, one of Nokia's community managers, Related Stories
revealed the Finnish phone maker's decision to release the 3D drawings.
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NOKIA










[ naterialise

Nokia Lumia 820 case
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The opportunities are

endless...




Cody Wilson




ABOUT DEFENSE DISTRIBUTED

Our world is structured in domination. The global governmental paradigm is emergency
power and totalization. Defense Distributed (DD) is a non-profit software developer and
publisher dedicated to striking the roots of all statist monopolism. DD broke unexpected
ground in digital manufacturing with its gun files, and continues to develop other Internet
and 3DP technologies while confronting cutting-edge i1ssues in free speech, privacy,
innovation, and intellectual property. Unlike a political lobby or an impotent think tank, DD
champions the public interest through action and open-source innovation.

Employing political philosophy, activism, and technology, DD works to subvert the physical
and digital architecture of oppression on behalf of the general public. DD fights for freedom
primarily outside of court and government, writing and releasing software to aid in the

disintermediation of state governments and large, collusive corporations. By mobilizing our
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We urgently need a wider debate on the
iImpact of the maker economy on IP &
Innovation policy ...

... and especially we have to take care
that uneducated speculations

are not killing the innovation.

And manufacturers have to ask
themselves: “What I1s the concert
equivalent in our industry?”




Research at RWTH-TIM Concerning AM

- Impact of AM on market structure
— Effect for incumbents
— Effect for start-ups
— Welfare implications

- Impact of AM on the innovation process
— Cheaper / better Prototyping
— User innovation - User manufacturing

 New business models with AM
— Sharing economy

— How to integrate AM-Technology in existing
companies

© tim.rwth-aachen.de 58



The central guestion:
Where can AM provide
additional value by

fulfilling heterogeneities
In your market
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beverage
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The Mayans
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Yucatan, Mexico

900
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factary
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1847

First
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2013

First complex
3D printed
chocolate
concept for
gasironomy.
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