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"Only he who attempts the absurd is capable of
achieving the impossible.”

Miguel de Unamuno
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Additive Manufacturing / 3D Printing

3D-Printing... evolution, revolution or illusion?

Additive Manufacturing / 3D Printing appears.
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3D-Printing. Then... Is it already here?

Additive Manufacturing / 3D Printing
at top peak of inflated expectations
Still 5-10 years
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Additive Manufacturing / 3D Printing
suddenly on the «slope of enlightenment»
and renamed «Enterprise 3D printing »
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Additive manufacturing

Solid print

A Technol.
China: Firm 3D prints 10 full-sized houses in a day Sets Inventars A Technology Sets Inventors Free to Dream

Free to Dream

e ‘wiches and burritos. Bespoke [n-
By News from Elsewher:
warts fram arun

Making things with a 3D printer changes the rules of
manufacturing
INSIDE A LOW-RISE building in a business park at Rock

varid, faund by BBC Manitaring

Hill, South Carolina, is a vision of the factory of the future. A company in China has used giant 3D printers to make 10 full-sized, detached single storey houses in a day, it %‘%H
Several dozen hines are h ing away, dfroma appears. want. conneried o o the hass of 3 |
glass-fronted control room by two people looking at computer ﬁ-m'm A ) oty vt 3 |
i i surgeon, are set (o Sty SR ol of o |
:c::?:ﬁxiei:r:m?ﬁt;n;? f‘:evlch:?:‘zgoovag f::‘?::?;:i:i{ A private firm, WinSun, used four 10m x §.6m printers to spray a mixture of cement and construction waste to build the walls, g ;:m’;‘m? - |
into. One is making jewellery, others are producing the plastic ayer by layer, off cial Xinhua news agency reported. e B K
grip for an electric drill, the dashboard of a car, an intricate lamp Rrogiesogp =gt e
shade and a bespoke artificial leg. One is even making parts to The cheap materials used during the printing process and the lack of man ual labour means that each house can be printed for w._._,..‘.‘.‘“_'” e
build mprgmachmesllke itself. under $5,000, the 3dprinterplans website says. i Z"fé;“.'&“..‘.‘.:..‘..‘;,‘-‘ﬁ‘,‘.
This is the headquarters of 3D Systems, a firm founded by ey B o

Chuck Hull, who in a 1986 patent described a system he had in-

hats sch o maor pri of thie
3 " 3 h that was 0 undorderigned”
vented for making three-dimensional objects as “stereo- e,

"We can print buildings to any digial design our customers bring us. It's fast and cheap,” says WinSun chief executve Ma Yine. e .

lithography". It worked by using a beam of ultraviolet light to so- He also hopes his printers can be used to bulld skyscrapers in the future. At the moment, however, Chinese construction o gl oot
lidify a thin layer of liquid plastic. a bit like ink, and repeating the  structure by conventional means, whereas a 3D printer can do regulations do not allow multi-storey 30-printed houses, Xinhua says. (- e vy
process by adding more liquid plastic. Other forms of 3p print-  this easily. 31 kP, a British firm that offers additive-manufactur- b, much he s wey a ps-
ing have since emerged (see box, next page), but they all work as  ingservices, printed a gearbox for a racing car with smooth inter- The method of 3N nrintinn has hanama mars widal (eard in meant usars Manidachimee and Aesinnars hoie haan ks tn Make sheets of phylio dough.

an additive process. building objects up layer by layer. nal pathwavs for hvdraulic oil instead of drilled-out right-anale N i SRR b

everyday tems EL PAIS dc
lomneyomics explaine Le VL
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Economist MANUFACTURING AND INNOVATION 5
L Economist  gentnasoigas —
The science of guerrilla warfare - . -
o aE Cartuchos de células, impresoras de 6rganos e 3D, 2R ERE S5LUTON IR
o 2 [rm——
La biommeprografia en 3D se presenta como una opcidn de futuro de la medicina regenerativa Existen IHuSOiIe émancipation par lﬂ. techn Ologl'e
o o algunas experiencias a peguefia escala aungue falta salvar obstacules, como la vascularizacion del tsjide
e t Ir In . Depuis peu, des machines électroniques capables de produire des objets, fonctionnant a la

: 12 e |ne s s o maniére d'imprir en trois di ions, sont i grand public. Elles suscitent
e un engouement au sein d'une avant-garde qui y voit les ferments d'une nouvelle révolution

industrielle. Mais les partisans de ces outils de bricolage technologigue oublient souvent
I'histoire qui les a vus naitre.

Un paciente se dispone a someterse a un
trasplante de corazon. Mientras se le
intuba, se le moniteriza y el anestesista par Johan Saderberg, janvier 2013
se prepara para sedar al enfermo, en un

rineén del quiréfano, I bicimpresora 30

_ A Ce serait la révolution industrielle du XXle siéele : ce qui devait auparavant étre acheté en magasin
fabrica el Srgano de remplazo que

paurrait désormais étre fabriqué ehez soi grice i des outils esmme une découpeuse laser, une imprimante
3D, une fraiseuse i commande numérigue, ete. (1). Ces machines suivent toutes un méme prineipe

ique - guider les m d'un outil mécanigue i Iuide d'un logiciel. Les plus célébres
dentre elles fonctionnent eomme des imprimantes, mais en Lrois dimensions : passuge aprés pussage, une
huse se déplace sur trois axes ot superpose des couches de matiére (Ie plus souvent une résine

sustituird al infartado. El zumbide de los

cabezales del aparato en movimiento,
cargade con caruches de cardiomiositos
y de otros tipos celulares, indica que &l
nuevo corazén adn no estd listo. En unos
minutes podrd comenzar |a operagion.

synthétique) en suivant un modéle numérisé, jusqu'a ohtention du volme désiré, De la poignée de porte
au vélo, les objets ainsi produits se multiplient.

ok i Lk | CHE AT PP L CCPEERC) T

Esta imagen farma parte del género de la Méme si cotte technologie suscite un foisonnement de petites entreprises eréatives, son développement est
ciencia ficcidn. Y, si algin lejano dia deja

de serlo. los expertos creen que habré que esperar no menos de tres décadas. "Vo lo situaria en

essentiellement 'euvre d'amateurs, qui se définissent comme des makers. Enracinés dans le monde du
logiciel libre, ils appliquent ses valeurs et pratiques aux méeanismes de fabrication. Pour les plus radieaus
d'entre eux, la réappropriation populaire des outils ouvrirait la voie & une « démoeratisation » de la

la frontera de los proximos 30 afios”, afirma José Becerra, del Centro de Investigacion Biemadica
en Red en Bicingenieria, Biomateriales y Nanomedicina. Pero, aunque sea a largo plazo, hay
motivos para imaginar que la escena del quiréfano o una similar acabe siendo realidad por
razones que van mis alld de la simple fe n el desarrllo cientffico. “Lo migico de todo esto es
que sa vislumbra [come una posibilidad de futurc] gracias al desarrolio que estan teniendo las
impresoras 3D y lainform&tica, unido a | aparicién de nueves materiales y los avances en el
conocimiento bicldgico”, comenta este

e
y Reg: i6n Tisular de Ia U idad de Malaga.

i de consommation. Dautres

production industrielle, avee, en ligne de mire, Iabolition de la soci
espirent riduire les cofits du travail et rendre ainsi obsoléte le mouvement de délocalisation de la
production industrielle vers les pays du tiers

wonde (2). Ce point de vue, plus proche des cercles

daffaires, est notamment exprimé par le magazine spé Matke (« Fabriquez »), qui, entre autres
activités, organise chaque année une Maker Faire (« foire de la fabrication ») dans plusieurs grandes villes
des Etats-Unis.

del Laboratorio de Bi ieria

1 suffit toutefuis de se promener dans les allées de ee Salon pour eonstater une certuine dissonance au

El previsible impacto de la impresién 30 en la medicina e5 uno de los principales factores que lors de son édition de zo11, &

invita & pensar que serd posible crear Grganos y tejidos a medida. compatibles con el receptor a
partir de células obtenidas del propic paciente. Una prusba de ello son los equipos capaces de
fabricar tejido hepatico vivo. que ya son una realidad, come muestra €l catdlogo de la empresa
estadounidense Drganovo, una de las lideres del sector. Pero esto seria empezar por el final en
el campo de las aplicaciones médicas de las impresoras 3D.

sein de la ré i eée, Purmi les

New York, on pouvait ainsi visiter le Print Village (« village de Fimpression ») : une vingtuine de stands
consaerés i limprimante 3D RepRap et & ses nombrens dérivés embléme de ce ,la RepRap
est capable de reproduire la plupart des éléments qui la composent, et ainsi de s'autorépliquer).
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3D-Printing? or Additive Manufacturing?

® Additive Manufacturing (AM) refers to a group of

technologies that build physical objects directly
from 3D Computer-Aided Design (CAD) data.

ISO/ASTM has defined "Additive Manufacturing"
as:

"process of joining materials to make objects
from 3D model data, usually layer upon layer,
as opposed to subtractive manufacturing
methodologies, such as traditional machining.”

Today, both terms are used interchangeably, but
Industry still prefers to use the "Additive
Manufacturing" term, while Home Appliances and
Consumer Goods widely use "3D-Printing".
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Different terms used since AM started:

E-Manufacturing
Freeform Fabrication
Generative Manufacturing
Additive Layer Manufacturing
Additive Manufacturing

3D Printing
Rapid Manufacturing
Constructive Manufacturing
Direct Digital Manufacture
Additive Fabrication

Courtesy of AM Platform

Different technologies, different materials:

SLA / SLS / 3D-Printers / FDM / DLP /
DMLS /EBM /LMD /LC/ ...

Polymers — Metals — Ceramics - ?




. LI
Additive Manufacturing in the EC:

= European Commission (EC) was a pioneer:
Additive Manufacturing funded since the
First Framework Programme (FP1, 1984-1987).

= The following Framework Programmes (1988-2013) ensured continuous
support from different EC services and different funding programmes.

= Onlyin FP7(2007-2013), more than 60 successful projects based on AM
technologies were funded with a total amount over €160 million in EC funding
and a total budget of around €225 million.

= EC explicitly mentioned 3D-Printing in the Industrial Policy Communication in
2012 as a key part for the new Industrial Revolution.

= The EC “Industrial Landscape Vision 2025”, in 2013, showed AM as a case
study on how Standards will facilitate new production systems, enhancing EU
innovation and competitiveness.
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AM
1988-2013

RAPROMO MAID DERP VITAMIN PRIME PHIDIAS RAMATI PRINCIPLE NAIMO FLEXRAP
CUSTOM-FIT RAMA3DP METAL-PRINT FLEXFORM FANTASIA RC2 NOVELSCAFF CUSTOM-IMD
M&M 'S SHAPEFORGE M&M 'S+ IMPALA OPEN GARMENTS MULTILAYER COMPOLIGHT
MICROFLUID STEPUP DIRECTSPARE INLADE LIGHT-ROLLS A-FOOTPRINT DIGHIRO PHOCAM
CORENET KARMA IC2 MERLIN PRINTCAR INTRAPID ADM-ERA HIRESEBM ARTIVASC 3D
FASTEBM NANOMASTER DIGINOVA AEROSIM EUROFIT SASAM IMPLANT DIRECT SMARTLAM
HI-MICRO 3D-HIPMAS AEROBEAM PERFORMANCE HIPR AMCOR VINDOBONA AMAZE
IDAMME2 OXIGEN BIO-SCAFFOLDS MALT RAPIDOS SASAM IMPLANT DIRECT SMARTLAM HI-
MICRO 3D-HIPMAS AEROBEAM PERFORMANCE HIPR AMCOR VINDOBONA AMAZE IDAMME2

OXIGEN BIO-SCAFFOLDS MALT RAPIDOS MANSYS SIMCHAIN CASSAMOBILE ADDFACTOR
FLOWMAT NEXTFACTORY FABIMED OPTICIAN2020 INTERAQCT RRD4E2 PILOTMANU D-
HYDROZONES FOOTPRINT PLASMAS IRRESISTIBLE REP-AIR
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Additive Manufacturing Projects in European Commiission
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3D-Printing in H2020 and RIS3:

Horizon 2020, has identified Additive Manufacturing (AM), including 3D-
Printing, as part of one of the Key Enabling Technologies (KETs) and as an
Advanced Manufacturing Technology.

Up to date, more than 125 European Regions from 28 Member States have
joined Regional Smart Specialization. More than 2/3 of these Regions have
identified KETs as a priority for RIS3.

AM responds to the Industrial Leadership, to several Societal Challenges, and
requires a high degree of Innovation.

AM gives the designers the ability to innovate, to quickly turn concepts into 3D
models or 3D prototypes, opening up shapes that were impossible to produce
before, allowing to make a mass customisation, a real shift from today’s mass
production, and a relocalisation of manufacturing in Europe.
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Additive Manufacturing in the Industrial Leadership

Courtesy of Sirris, UAS, GE
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MANUFACTURING™

“ADDITTIVE

PH ”@ | DANGER
 BIOTECHNOLOGIES
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v CUSTOMIZATION FOR REAL USER NEEDS ADVANCED MANUFACTURING
v NEW FUNCTIONAL DESIGNS FOR CONVENTIONAL USES w

v’ NEW CONCEPT SOLUTIONS FOR LOW COST SITUATIONS
v' FAST RESPONSE TO CRITICAL DEMANDS -

v NEW TOOLS FOR NEW MINDED PROFESSIONALS = 8
v MANUFACTURING ON DEMAND <=

LSy
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Combining AM with several
KETs for advanced products




“ADDITTIVE
MANUFACTURING”™

SOCIETAL
CHALLENGE

TRANSPORT Combining AM with

- several KETs for
w advanced products

v' CUSTOMIZATION FOR REAL END USER NEEDS
v NEW FUNCTIONAL DESIGNS FOR NEW VEHICLE CONCEPT!
v" REDUCING COSTS INCREASING PERFORMANCE

v" FAST RESPONSE TO HIGH DEMANDING SECTOR

v NEW TOOLS FOR NEW MINDED PROFESSIONALS

v NEW CONCEPT OPTIMISED INTRINCATED STRUCTURES TO FIT FUTURE USABLE SHAPES
v' MANUFACTURING ON DEMAND
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M3D-Printing Cultural Heritage

iAcc.Y SpotMagn Det WD Exp |——— 20um
120kv 40 888x SE 335 1 2010-02-25 B3FL, 100x.

. [T Y | n
AccV SpotMagn Det WD |—— 20um e Ry B X
120kv 50 746x SE 233 2010-07-21 B3FL, 100x, Concordia '

Courtesy of PHOCAM FP7 project
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3D-Printing Cultural Heritage:

e A P 1
1 B .

Courtesy of PRODINTEC
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3D-Printing Food:
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500

The existence of

the first cocoa
beverage.

400 AD

The Mayans
grow cocoa in
Yucatén, Mexico.

1502 1615 1777 1875
Columbus is Chocolate is The first  The first
given cocoa introduced chocolate  milk
beans. in France. factory.  chocolate.
PR LR
900 1528 1720 1847 2013
King Quetzalcoat! Cortés Cocoa First First complex
is worshipped as introduces botanically  commercial 3D printed
the God of cocoa. cocoa to the classified. chocolate bar. chocolate
Spanish court. concept for

gastronomy.

Courtesy of PERFORMANCE FP7 project



"Imagination is everything. It is the preview
of life's coming attractions."

Albert Einstein
Thanks for
your attention!
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