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Industry 4.0 

ÅLower technological barriers to entry 

ïA distributed system of innovation: the innovation 

system expands to high-school kids 

ïRapid diffusion of tools  and know-how through open 

source 

ïRapid prototyping (3D printing/ additive 

manufacturing) 

ïAutomated for-rent logistics 

ïSelf-marketing online 

2 



3D Printing 

Åéturns digital files into real-world objects 

Åéblurs the boundary between the space of data and the 

space of objects.  
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 In 2012 Eric Haines created Mineways as a way 

to capture areas of the cube-filled, sandbox world 

of Minecraft and export it as a texture file and 3D 

model that can be used by 3D printers  



3D Printing 

ÅWhen we invented databases, we turned 

information into computer data.  

ÅWhen we invented computer networks, we turned 

processes into computer data.  

ÅWhen we invented social media, we turned social 

interaction into computer data.  

Å3D printing is turning even objects into computer 

data.  

Å3D Printing converts bits into atoms, another step 

in the convergence of the digital and the physical 

worlds. 
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3D Printing 

ÅDatabases created computing for big corporations and 

networks increased the value for big corporations 

Åbut social media shifted computing towards the people, 

and 3D printing shifts computing power even more 

towards people 
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Makers Movement 

ÅIndustrial revolution: from the home to the factory 

Å3D Printing: from the factory back to the home 

ÅRevival of the world of artisans: the "makers" 
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Democratization of Manufacturing 

ÅFunding: crowdfunding  

ÅManufacturing: "on demandò 3D printing 

ÅLogistics: robotic warehouse 

ÅDelivery: drones 

ÅMarketing: social media 

 

7 



3D Printing 

ÅA brief history: 

ï1974: first demonstration of 3D printing 

ï1990: first commercial 3D printer 

ïFirst medical application 

ïOpen-source RepRap 

ïDesktop 3D printer 

ïHandheld 3D printer 
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3D Printing 

ÅPioneers 

ï1974: Wyn Swainson's Formigraphic (Bay Area) 

demonstrates the printing of a 3D object 
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3D Printing 

ÅPioneers 

ï1979: Ross Housholderôs SLS in 

Las Vegas 
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3D Printing 

ÅPioneers 

ï1980: Hideo Kodama in Japan 
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3D Printing 

ÅUSA 

ï1984: Charles Hullôs SLA in L.A. 

ï1986: Carl Deckardôs SLS in Texas  

ï1987: Michael Feyginôs LOM in L.A. 

ï1988: Frank Arcellaôs LAM in Pittsburgh  

ï1989: Scott Crumpôs FFF in Minnesota 

ï1993: Michael Cima and Emanuel Sachsôs 3DP/inkjet 
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3D Printing 

ÅEurope and Asia 

ï1984: Alain LeM®haut®ôSLA (General  Electric, 

France) 

ï1984: Yoji Marutani (OPIRI, Japan) 

ï1986: Takashi Morihara (Fujitsu, Japan) 

ï1989: DMECôs SLA (Sony, Japan) 

ï1990: CMET's SOUP (Mitsubishi, Japan) 

ï1991: Cubital's Solider 5600 (Israel) 

ï1991: EOSô SLA (Germany) 
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3D Printing 

ÅLeadership in 3D printing has come from small 

companies and independent inventors, not from 

the universities (exception: MIT) 
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3D Printing 

Å3D printing/ Additive manufacturing 

ïStereolithography (SLA): Charles Hullôs 3D Systems (1988)  

ïFused Filament Fabrication (FFF) or Fused Deposition  

Modeling (FDM): Scott Crumpôs Stratasys (1991) 

ïLaminated Object Manufacturing (LOM): Michael Feyginôs 

Helisys/ Cubic (1991) 

ïSelective Laser Sintering (SLS): Carl Deckardôs DTM (1992) 

ïInkjet  (3DP):  Zcorp (1996) 

ïLaser Additive Manufacturing (LAM): Frank Arcellaôs 

AeroMet (1997) 
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10: The Factory 

Å3D printing/ Additive manufacturing 
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3D Printing 

Å3D printing/ Additive manufacturing 
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3D Printing 

ÅFused Filament Fabrication (FFF) or Fused 

Deposition Modeling (FDM) 

ïAll the RepRap printers 

ïLulzBot (Colorado, 2011),  

ïZhejiang Flashforge 3D (China, 2011), 

ïRostock Delta Printer (Seattle, 2012) 

ïAirwolf3D (San Diego, 2012),  

ïOozenest (Britain, 2013),  

ïZortrax (Poland, 2013),  

ïWASP's DeltaWASP (Italy, 2013),  

ïCel's Robox (Britain, 2013),  

ïBeeTheFirst (Portugal, 2014),  
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BCN3D (Spain, 2015),  

E3D's BigBox (Britain, 2016),  

Skriware,  

New Matter 



3D Printing 

ÅFDM 
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3D Printing 
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Å3DP/Inkjet (aka "powder and inkjet" and "Z 

printing")  

ï1996: Z Corpôs Z402 

ï1997: Solidscapeôs ModelMaker 

ï2001: Objet Geometriesô Quadra 

ï2008: Objetôs "polyjet printingò 

ïMetal (LDT/DMD/LMD) 

Å1997: Soligenôs DSPC 

Å1998: Optomecôs LENS 

Å1999: Ex Oneôs ProMetal 



3D Printing 

ÅSLA 

ï1988: NTT system 

ï1991: Electro Optical Systems (EOS) of 

Germany introduces the STEREOS 400 system 

ïFormlabs (Boston), 

ïXYZ's Nobel (Taiwan),  

ïDigital Wax Systems' Xfab (Italy), 

ïCarbon3D's M1 (Redwood City),  

ï3D Systems' ProJet 1200 
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3D Printing 

ÅDLP (like SLA but uses a DLP projector) 

ï2002: EnvisionTec Perfactory (Germany) 

ïAutodesk Ember 

ïB9 Creator (2012) 

ïmUve (2013) 

ïUncia3D (China) 

ïMorpheus (South Korea) 

ïKudo3D (San Francisco) 

22 



3D Printing 

ÅSLS  

ï1990: DTMôs Mod A 

ï1992: DTMôs SinterStation 

ï1994 EOS introduces the 

second commercial SLS 

ïSintratec (Switzerland),  

ïNorge (Britain)  

ïProdways (France) 
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3D Printing 

ÅDMLS 

ï1995: SLM at the Fraunhofer Institute  

ï1995: EOS Eosint M250 

ï2004: Eosint M270  
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3D Printing 

ÅEBM and LBM 

25 



3D Printing 

Å2000s 

ïMetal 

Å2002 Arcamôs EBM (Sweden) 

Å2002 POMôs DMD(Michigan)  

Å2007: Accufusionôs LENS (Canada) 

Å2009 Sciakyôs EBDM (Chicago) 

ï2002 EnvisionTecôs DLP (Germany) 

ïMaterialise (Belgium): 3D printing service 
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3D Printing 

Å2000s 

ïPrinting electronic boards 

ÅOptomecôs Aerosol Jet (2004) 

ÅFujifilmôs DMP (2009) 

ÅNano Dimension (2016) 
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