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Industry 4.0

A Lower technological barriers to entry

I A distributed system of innovation: the innovation
system expands to higdthool kids

I Rapid diffusion of tools and knewow through open
source

I Rapid prototyping (3D printing/ additive
manufacturing)

I Automated fofrent logistics
I Selt-marketing online



3D Printing

Aéturns digi twolldolhjgcts es i nt o r e

Aéblurs the boundary between
space of objects. -

In 2012 Eric Haines created Mineways as a way

to capture areas of the cubked, sandbox world

of Minecraft and export it as a texture file and 3D
model that can be used by 3D printers 3



3D Printing

A When we invented databases, we turned
Informationinto computer data.

A When we invented computer networks, we tur|
processemto computer data.

A When we invented social media, we tursedial -—{ ARE-THE |

Interactioninto computer data. ' '
A 3D printing is turning evenbjectsinto computer NEW BITS

data. ' '
A 3D Printing convertgits into atomsanother step

In theconvergence of the digital and the physical
worlds.




3D Printing

A Databases created computing for big corporations and
networks increased the value for big corporations

A but social media shifted computing towards the people,
and 3D printing shifts computing power even more
towards people

Economic

power
databases networks Social
media
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Makers Movement

A Industrial revolution: from the home to the factory
A 3D Printing: from the factory back to the home
A Revival of the world of artisans: the "makers"
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Democratization of Manufacturing

A Funding: crowdfunding

AManufacturing: "on demand?od
A Logistics: robotic warehouse

A Delivery: drones

A Marketing: social media



3D Printing

A A brief history:

I 1974: first demonstration of 3D printing
I 1990: first commercial 3D printer

I First medical application

I Opensource RepRap

I Desktop 3D printer

I Handheld 3D printer



3D Printing

A Pioneers

I 1974: Wyn Swainson's Formigraphic (Bay Area)
demonstrates the printing of a 3D object



3D Printing

A Pioneers
T 1979: Ross Hou .. e . S L
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3D Printing

A Pioneers
I 1980: Hideo Kodama in Japan
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3D Printing
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3D Printing

A Europe and Asia %
11984: Al ain LeM®haut @‘@‘_.A

France)
I 1984: Yoji Marutani (OPIRI, Japan)
I 1986: Takashi Morihara (Fujitsu, Japan)
11989: DMECO6s SLA (Sony, Ja
I 1990: CMET's SOUP (Mitsubishi, Japan)
I 1991 Cubital's Solider 5600 (Israel)
11991: EOSO SLA (Germany)
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3D Printing

A Leadership in 3D printing has come from small
companies and independent inventors, not from
the universities (exception: MIT)
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3D Printing

A 3D printing/ Additive manufacturing
I Stereoli thography (SLA): C

I Fused Filament Fabrication (FFF) or Fused Deposition
Model i ng (FDM): Scott Crum

i Laminated Object Manufactu
Helisys/ Cubic (1991)

I Selective Laser Sintering
I Inkjet (3DP): Zcorp (1996)

I Laser Additive Manufactur.
AeroMet (1997)

SOSYSTEMS aK StrataS\/S . Cubic Technologies
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Chronological development of RP/T. By Patri K. Venuvinod, Weiyin Ma

r

Key
Year | Company/Org. | Country RP system Process
1987 3D Systems USA SL Apparatus SLA-1 SL
1988 | NTT Data Japan Solid Object Ultraviolet Plotter SL
CMET (SOUP)
1989 | Sony/D-MEC Japan Solid Creation System (SCS) based | SL
1989 MIT USA 3D Printing Inkjet
1990 EOS Germany | Steros SL system SL
1991 | Stratasys USA FDM™ FDM
1991 Cubital Israel Solid Ground Curing (SGC)* SL
1991 Helisys USA Laminated Object Manufacturing LOM
(LOM)
1992 Teijin Seiki' Japan Soliform SL system based on SL
DuPont SOMOS
1992 DTM? USA Selective Laser Sintering (SLS) SLS
1993 | Denken Japan Solid-state SL: 1% Desktop RP SL
system
1993 Soligenl USA Direct Shell Production Casting Inkjet
(DSPC)
1994 | Sanders* USA ModelMaker Inkjet
1994 | Meiko Japan Small SL machine for jewelry SL




A 3D printing/ Additive manufacturing

Classification of RP processes.

State of

3D Printing

Kind of

By Patri K. Venuvinod, Weiyvin Ma

Chemical or physical

RP process raw material raw material transformation
3DP Powder Ceramic and wax Adhesive bonding |
FDM Solid Wax and polymer Solidification |
LOM Solid Paper Cutting and bonding
SL Liquid Polymer Photo-polymerization
SLS Powder Ceramic, wax and all_ni Sintcring
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3D Printing

A Fused Filament Fabrication (FFF) or Fused
Deposition Modeling (FDM)
I All the RepRap printers E3D's BigBox (Britain, 2016)
iy s BigBox (Britain, ,
i LulzBot (Colorado, 2011), Skriware.
I Zhejiang Flashforge 3D (China, 2011), New Matter

BCN3D (Spain, 2015),

I Rostock Delta Printer (Seattle, 2012" flament o

I Airwolf3D (San Diego, 2012), o Heated

i Oozenest (Britain, 2013), Viterial Spoo W e

I Zortrax (Poland, 2013), Mokten Material

I WASP's DeltaWASP (Italy, 2013),

I Cel's Robox (Britain, 2013), - =

i BeeTheFirst (Portugal, 2014), e ' =

LU
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3D Printing

A FDM
FDM: the race to the bottom

Makerbot Buccaneer Overlord

$1,099 pre-order

£255k on Kickstarter

Acq. by Stratasys for $403M

Flux Micro iBox Nano
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$1.6M on Kickstarter $3.4M on Kickstarter $457k on Kickstarter




3D Printing

A 3DP/Inkjet (aka "powder and inkjet" and "Z
printing")
11996: Z Corpobs Z402

T1997: Sol | dscap-

12001: Objet Geometri e
i2008: Objetds ponJeGB]El
i Metal (LDT/DMD/LMD)
A1997: Soligends & ExOne
A1998: Optomec?d T
S

S
A1999: Ex Onebd %"é\,
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3D Printing

A SLA

1988: NTT system

1991: Electro Optical Systems (EOS) of
Germany introduces the STEREOS 400 system

Formlabs (Boston),

XYZ's Nobel (Taiwan),

Digital Wax Systems' Xfab (Italy
Carbon3D's M1 (Redwood City)
3D Systems' ProJet 1200

Layers of solidified resin

All3dp.com



3D Printing

A DLP (like SLA but uses a DLP projector’
I 2002: EnvisionTec Perfactory (Germany)
I Autodesk Ember

I B9 Creator (2012)

I mUve (2013)
1
i
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" Uncia3D (China)
" Morpheus (South Korea)
" Kudo3D (San Francisco)
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3D Printing

A SLS
11990 DTMO s Mo d The SinterStation 2000. N
11992: DTMO6s Sinter Stati on

T 1994 EOS introduces the
second commercial SLS t

I Sintratec (Switzerland),
I Norge (Britain)
I Prodways (France)

Photopolymer

Light Source

3dprintingindustry.com



3D Printing

A DMLS
I 1995: SLM at the Fraunhofer Institute
I 1995: EOS Eosint M250
I 2004: Eosint M270

Laser-Sintering Stereolithography,
DhLS | Oiher
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Figure 1: Summarized development and patent history of DMLS



3D Printing

A EBM and LBM

Generalities: Metal Additive Manufacturing

= Electron Beam
Melting (EBM)

CAD TO META.!L"

[ ] [ ]
Arcam AB’
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» Metallic powder deposited in a
powder bed

* Electron Beam

« Vacuum

* Build temperature: 680-720°C
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= Laser Beam Melting
(LBM)

SLM

SOLUTIONS

» Metallic powder deposited in
a powder bed

» Laser Beam

« Argon flow along Ox direction
* Build temperature: 200°C
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3D Printing

A 2000s

I Metal
A2002 Arcamds EBM (Sweden)
A2002 POM6és DMD(Michigan)
A2007: Accufusionds /77zim (
A2009 Sciakyos EBDM%@M@a

12002 EnvisionTec0O0s o.. \ w €

I Materialise (Belgium): 3D printing service
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3D Printing

A 2000s
I Printing electronic boards
AOpt omecods Aer
AFujifil mbs DM
ANano Dimension (2016)




