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Figures:	  
–  Campus	  area	  =	  320.000	  m2	  
–  Building	  area	  =	  	  14.000	  m2	  

–  People	  =	  500	  

Campinas	  -‐	  SP	  

Three	  Dimensional	  Technologies	  Division	  –	  CTI/DT3D	  

Mission 
To research, develop, utilize, and 

diffuse three dimensional 
technologies (virtual and physical) 

focusing in innovation and 
multidisciplinary applications driven 

by society 

 

Partnership 
Companies (ProIND) 
Hospitals (ProMED) 

Universities (ProEXP) 

Topics	  

•  AddiCve	  Manufacturing	  –	  AM	  (3D	  prinCng)	  main	  
Concepts	  

•  ApplicaCons	  of	  AM	  in	  	  
•  Engineering	  
• MulCdisciplinary	  research	  
• Medicine	  /	  odontology	  
•  Architecture	  

•  Expected	  impact	  of	  AM	  
•  Conclusions	  

3D	  Model	  

AM	  Processes	  

SLS,	  SLA,	  FDM,	  3DP,	  EBM,	  
DMLS,	  Polyjet,	  etc.	  

Scanners	  (internal)	  
Computerized	  

Tomography	  MagneCc	  
Resonance	  Imaging	  

(MRI)	  

	  

CAD/BioCAD	  modelers	  

Addi6ve	  
Manufacturing	  

Structured	  
Light,	  

Laser,	  Contact	  

Scanners	  scanners	  

Image	  acquisiCon	  
SegmentaCon	  
Rendering	  

3D	  reconstrucCon	  

MathemaCcal	  

representaCon	  

Virtual	   Physical	  
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Controlled	  deposiCon	  of	  thin	  layers	  of	  material	  to	  build	  a	  solid	  	  

Originally	  a	  tool	  for	  product	  development	  
	  

•  AeronauCcs	  industry	  
•  Automobile	  industry	  
•  Goods	  industry	  	  

Modeling	  and	  Process	  planning	  for	  RP	  
	  

•  Virtual	  model	  generaCon	  (CAD/Reverse	  engineering/MIP	  systems)	  
•  Process	  planning	  
•  Processing	  (RP	  process)	  
•  Post	  processing	  	  

AddiCve	  Processes	  
AddiCve	  Manufacturing	  
F42	  Commi\ee	  ASTM	  

Rapid	  Prototyping	  

ConvenConal	  processes	  
(e.g.	  HSC	  -‐	  High	  Speed	  Cu?ng)	  

AddiCve	  Manufacturing	  (AM)	  concepts	  
Rapid	  prototyping,	  Solid	  Free-‐form	  fabricaCon,	  3D	  prinCng	  

SelecCve	  Laser	  Sintering	  –	  SLS	  –	  3D	  Systems	  

A	  CO2	  Laser	  heats	  a	  plasCc	  powder	  selecCvely	  
Wide	  range	  of	  materials.	  Polyamide	  is	  the	  

most	  common	  
Many	  polymers	  and	  metal	  alloys	  

Copyright	  CTI	  –	  Fred	  /	  Aline	  

Laser	  Metal	  3D	  PrinCng	  

A	  fiber	  laser	  melts	  down	  a	  metal	  bed	  

Thanks	  to	  Concept	  Laser	  and	  Techno-‐How	  for	  the	  availability	  of	  a	  Mlab	  at	  	  CTI	  

Electron	  Beam	  metal	  3D	  PrinCng	  

An	  electron	  beam,	  controlled 
by coils,	  melts	  down	  a	  metallic	  
powder	  in	  a	  vacuum	  chamber.	  
Electron	  Beam	  MelCng	  -‐	  EBM	  

Courtesy	  Arcam	  

Complex	  shape	  and	  opCmized	  cellular	  
material	  

Two	  Photon	  PolimerizaCon	  –	  2PP	  

Courtesy of Prof. Boris Chichikov - LZH 



5/4/15 

3 

Two	  Photon	  PolimerizaCon	  –	  2PP	  

Courtesy of Prof. Boris Chichikov - LZH 

Two	  Photon	  PolimerizaCon	  –	  2PP	  

Courtesy of Prof. Boris Chichikov - LZH 

Metallic	  or	  polymeric	  Powder	  
(SLS/DMLS)	  	   Sheet	  (LOM)	  Liquid	  Resin	  (SLA)	  

Polymeric	  Filaments	  (FDM)	  	  

laser	  

	  	  	  	  	  	  	  	  	  	  	  	  ink-‐jet	  head	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  electron	  beam	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  extrusion	  head	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  UV	  lamp/ink-‐jet	  head	  	  

Liquid	  Resin	  (Objet)	  	  

	  Metallic	  powder	  (LENS)	  

Metallic	  Powder	  (EBM)	  Ceramic	  Powder	  (3DP)	  

AddiCve	  Manufacturing	  myriad	  of	  processes	  

1	  Angstrom	  
10-‐10	  m	  Mega	   Meso/macro	   Micro	   Nano	  	  1m	   10-‐3	  m	   10-‐6	  m	  

AM	  today’s	  applicaCons	  (3)	  
Trend	   Trends	  &	  Research	  labs	  

28	  m	  wingspan	  (1)	  
UAV	  

Building	  (2)	  	   LZH	  (4)	  

(1) Lockheed Martin 
(2) University of California 
(3) Some applications at CTI Renato Archer 
(4) Laser Zentrun Hannover 
(5) Karlsruhe Institute of Technology 
(6) 2D National Geographic cover (11x14 microns) IBM - Almaden Research Center 

KIT	  (5)	  

IBM	  (6)	  

AM	  Trends	  
FuncConal	  materials	  and	  dimensions	  

Metals	  
And	  its	  alloys	  

Polymers	  
Liquids,	  powder	  or	  filaments	  

Ceramics	  

Composite	  
FuncConal	  graded	  materials	  

IncorporaCon	  of	  nanomaterials	  
Biomaterials	  

(syntheCc	  and	  biological)	  
A	  very	  restricted	  class	  of	  materials	  for	  AM	  can	  

be	  implanted	  in	  to	  the	  human	  body	  

Processes	  X	  	  Materials	  

Materials	  for	  AM	   10	  principles	  of	  AM	  
	  1)	  Manufacturing	  complexity	  is	  free	  

	  Complexity	  é 
 Costs	  è 

	  2)	  Variety	  is	  free	  
	  Variety	  é	  
	  Costs	  è 

	  3)	  No	  assembling	  required	  
	  Movable	  parts	  é 
 Costs	  è 

	  4)	  Zero	  lead-‐Cme	  
	  Inventory	  ê 
	  Flexibility	  and	  local	  producCon	  é	  

	  5)	  Unlimited	  design	  space	  
	  Design	  complexity	  and	  natural	  shapes	  é 
 Costs	  è 

6)	  Zero	  skill	  manufacturing	  
	  Skill	  needed	  (arCsans	  /	  setup)	  ê	  
	  Costs	  è	  

7)	  Compact	  /	  portable	  manufacturing	  
	  Compactness	  and	  portability	  é	  
	  Costs	  è	  

8)	  Less	  waste	  by	  product	  (metal)	  
	  Recycling	  needs	  ê	  
	  Energy	  needs	  ê	  

9)	  Infinite	  materials	  composiCon	  
	  CombinaCon	  of	  raw	  materials	  é	  
	  Costs	  è	  

10)	  Precise	  physical	  replicaCon	  
	  Cycle	  of	  scan-‐print-‐scan	  é	  
	  Costs	  è	  

Adapted from: Fabricator – Hod Lipson and Melba Kurman (2013)  

éHigh	  	  	  	  	  	  	  	  	  	  	  èAverage	  	  	  	  	  	  	  	  	  	  êLow	  
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CustomizaCon/variety	  ê	  
Number	  of	  same	  product	  é	  
AutomaCon	  é	  
Price	  per	  product	  (profit)	  ê	  

Mass	  producCon	  
	  	  	  	  	  	  Economy	  of	  scale	  

ArCsan	  producCon	  
Expensive	  

CustomizaCon/variety	  é	  
Number	  of	  same	  product	  ê	  
AutomaCon	  ê	  
Price	  per	  product	  (profit)	  é	  

AddiCve	  Manufacturing	  
Average	  costs	  

CustomizaCon/variety	  é	  
Number	  of	  same	  product	  è	  

AutomaCon	  é	  
Price	  per	  (idenCcal	  or	  different)	  product	  (profit)	  è	  

Convergence	  

éHigh	  	  	  	  	  	  	  	  	  	  	  èAverage	  	  	  	  	  	  	  	  	  	  êLow	  

AM	  Trends	  and	  Market	  

Experimental	  Vehicles	  

BDA - Brazilian Decimetric Array 

INPE	  Cachoeira	  Paulista	  

Research	  -‐	  Small	  series	  

Restricted	  environment	  -‐	  Aerospace	  

Maia et al (2008) Maia, I.A., M.F. Oliveira, P.Y. Noritomi, J.V.L. Silva. Application of Rapid Manufacturing to 
build artifacts for using in microgravity environment. An International Space Station case. Virtual and Rapid 
Manufacturing. (Bártolo (Ed)), 559-562, Taylor and Francis Group, London. 
 

Paleontology	  

Montealto	  Suchus	  –	  90	  million	  years	  old	  

Cooperation with Monte Alto Museum and University of Campinas - UNICAMP 



5/4/15 

5 

Geology	   Egyptology	  

Forensic	  ReconstrucCon	  –	  Saint	  Anthony	  of	  Padova	  

http://www.ciceromoraes.com.br/ebook/ 

Sagi\al	  osteotomy	  of	  the	  mandibular	  
ramus	  

•  Mechanical	  assessment	  
of	  different	  fixaCon	  plates	  

Cooperation with Dental Faculty -UNICAMP 

Personalized	  AssisCve	  Technology	  

3D map and Braille Braille and visible letters 

Customized devices Customized Orthosis 

Personalized	  socket	  for	  transCbial	  amputee	  

Cooperation with Tecnológico de Monterrey and Ottobock 
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GFP - Green Fluorescent 
Protein 

Xyllela Fastidiosa (amarelinho) 

Protein	  model	  3D	  PrinCng	   Astronomy	  –	  Eta	  Carinae	  

Source: http://revistapesquisa.fapesp.br/2014/07/15/nebulosa-em-3d-2/ 
http://www.etacarinae.iag.usp.br/pressrelease.html 

Email Prof. Augusto Damineli (USP) 
  

3 trilhões de Km de polo a polo 

MulCscale	  visualizaCon	  
MIP/CAD/CAE/AM	  

DICOM	  

Mesh	  file	  (STL)	  

Biomodel	  

CT	  or	  MRI	  Dataset	  AcquisiCon	  

AM	  Processes	  to	  produce	  biomodels	  
and	  devices	  

Planning	  and	  execuCng	  the	  Surgery	  
with	  Biomodels	  

Medical	  Image	  Processing	  
(segmentaCon,	  3D	  reconstrucCon,	  

rendering)	  

SimulaCon	  (CAE	  Analysis)	  

BioCAD	  (Biomodeling)	  

Prostheses	  customizaCon	  

STL	  file	  

STL	  file	  
STL	  file	  

Advanced	  VisualizaCon	  
Tumor	  with	  contrast	  

Volume	  rendering	  of	  
mulCple	  Cssues	  

3D	  measurements	  
heart	  

Volume	  rendering	  
Transparency	  

Volume	  cropping	   Volume	  segmentaCon	  and	  
planes	  

InVesalius	  

Volume	  Rendering	  -‐	  Presets	  

InVesalius	  
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Volume	  Rendering	  -‐	  Air	  

InVesalius	  

Volume	  Rendering	  –	  CT	  with	  Contrast	  

InVesalius	  

VisualizaCon	  /	  Analysis	  
Plateau	  Fracture	  

Free download: www.cti.gov.br/invesalius 
112 countries 

InVesalius	  
From	  medical	  scanners	  to	  AM	  

Simulação	  de	  cirurgia	  laparoscópica	  

•  Propõe	  ferramentas	  computacionais	  e	  de	  realidade	  virtual	  para	  o	  treinamento	  
de	  cirurgiões	  	  em	  procedimentos	  de	  laparoscopia.	  

a)	  Colecistectomia	  laparoscópica	   b)	  Treinamento	  de	  cirurgiões	  em	  procedimentos	  de	  
laparoscopía	  

Simulação	  de	  cirurgia	  laparoscópica	  
Usando	   InVesalius,	   as	   estruturas	   anatômicas	   do	  
paciente	   podem	   ser	   segmentadas,	   gerando	   uma	  
malha	  para	  simular	  o	  comportamento	  do	  órgão.	  

(Spring-‐mass	  mechanical	  properCes)	  

a)	  Geometria	  externa	   b)	  Pontos	  de	  controle	  
c)	  	  Malha	  de	  simulação	  
com	  estrutura	  interna	  
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Simulação	  de	  cirurgia	  laparoscópica	  
Para simular o comportamento do tecido no ambiente virtual, utilizou-se um 
modelo matemático calibrado com dados experimentais de ensaios de tração 
uniaxial de amostras do parênquima hepático suíno (a). 
 
O modelo foi implementado computacionalmente para calcular o 
comportamento de tecidos em tempo real (b), e avaliando os resultados com os 
dados experimentais (c).  

Simulação	  de	  cirurgia	  laparoscópica	  
Com esta implementação, foi gerado um ambiente virtual para simulação do 
comportamento de tecidos (a),  junto com um dispositivo de interação, para 
permitir o treinamento de cirurgiões. 

a)	  Ambiente	  virtual	   b)	  DisposiCvo	  de	  interação	  

•  Cranioplasty	  prosthesis	  for	  growing	  age	  paCent	  

Clinica Roland 

AdapCve	  Prostheses	  

5/4/15 

Complex	  craniosynostosis	  Surgeries	  

The	  Craniofacial	  PlasCc	  Surgery	  Unit	  (NPA-‐	  Advanced	  PlasCc	  Center)	  and	  Paediatric	  Neurosurgery	  Unit	  
(CENEPE	  -‐	  www.cenepe.com.br)	  of	  the	  Beneficência	  Portuguesa	  Hospital	  in	  Sao	  Paulo,	  Brazil.	  

Kleebla\schädel	  syndrome	  (cloverleaf	  skull	  syndrome)	  	  

Hospitals	  

Thanks	  to	  Brazilian	  Ministry	  of	  Health	  for	  the	  financial	  support	  

ProMed program – 3D Technologies for healthcare 
(Sw+AM) / 4000+ cases / 130 Hospitals in 2014 

Reducing	  subjecCvity	  

PUC-RS surgical team 
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Reality:	  complex	  reconstrucCve	  surgeries	  
and	  organ/Cssue	  transplantaCon	  
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BiofabricaCon	  

Scaffolds	   Organ	  PrinCng	  

Tissue	  Engineering	  

3D	  PrinCng	  and	  Electrospinning	  

BiofabricaCon	  

Biofabrica6on	  	  
ProducCon	  of	  complex	  
living	  and	  non-‐living	  

biological	  products	  from	  
raw	  materials	  such	  as	  
living	  cells,	  molecules,	  
extracellular	  matrices,	  
and	  biomaterials.	  

The bio-ink:  
cell aggregates 
The cartridge:  
TS container 
The bio-paper:  

gel  
The printer: 
bio-printer 

Bioprinting is a computer-aided robotic layer by layer 
additive biofabrication of functional living 

human organ constructs 

Scientific American 

Bioprinting Tissue	  Engineering	  Scaffolds	  

Dual	  scaled	  scaffolds	  
(3D	  prinCng	  and	  Electrospinning)	  

FDM (3DP) scaffold  made 
with PCL 
 
Electro-fios PLA 
[C]= 12,5 % w/v 
 
Electrospinning DT3D 
V = 10.8 KV 
v= 0.1  mL/HR 
D= 22 cm 
 

In cooperation with 
Universidad Simón 
Bolívar – Venezuela 

(Prof. Marcos Sabino) 

PHB	  scaffolds	  

Human	  bone	  

Porous	  scaffold	  

PHB powder 

Pereira T.F., M.A.C. Silva, M.F. Oliveira, I.A. Maia, J.V.L. Silva, M.F. Costa, R.M.S. M. Thiré (2012). Effect of process 
parameters on the properties of selective laser sintered Poly(3-hydroxybutyrate) scaffolds for bone tissue 
engineering. Virtual and Physical Prototyping, 7, 275-285  
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Lockyballs 

Light microscopy 

Interlockable Microscaffold or Simply 'Lockyballs' Fabricated  
by Two Photon Polymerization Technology 

Confocal SEM 

Lockyballs 

Rezende, R.A., F.D.A.S. Pereira, V. Kasyanov, A.  Ovsianikov, J. Torgensen, P. Gruber, J. Stampfl, K. Brakke, J.A. 
Nogueira, V. Mironov,  J.V.L. Silva (2012). Design, physical prototyping and initial characterisation of Lockyballs. 
Virtual and Phys. Prototyping,7, 287-301  

DAPI Staining for nuclei Light 
microscopy 

Cell Seeded Lockyballs 

(Lockyballs hooks are indicated by arrows) 

Lockyballs 

Design	  
blueprint	  

PrinCng	  
Hw/Sw	  

SimulaCon	  
Structural/

CFD/Biological	  	  

Imaging	  
Reverse	  

engineering	  

Clinical	  
Best	  pracCces	  

Strong	  regulaCons	  
new	  standards	  

Enabling	  3D	  technologies	  for	  
organ	  prin,ng	  

Organ	  BioprinCng	  
IT	  approach	  

Integrated	  Bioprinter	  

Chamber	  environmental	  
control	  system	  

Feedback	  control	  system	  
(sensor,	  control	  strategy,	  servos)	  

Online	  monitoring	  
system	  (traceability	  /	  quality	  
assurance)	  (camera/especial	  

sensors)	  

Dispensing	  control	  
system	  

Supervisory	  system	  
IntegraCng	  funcConaliCes	  

and	  subsystems	  
(parameters	  setup,	  calibraCons,	  

monitoring,	  alarm,	  log,…)	  

Basic	  Sketch	  

	  6-‐DOF	  
(X	  -‐	  Y	  	  -‐	  	  ϴZ)	  à	  R-‐joints	  
(Z	  -‐	  ϴX	  -‐	  ϴY)	  à	  P-‐joints	  

Design,	  implement	  and	  share	  an	  open	  
source	   6-‐DOF	   roboCc	   plaworm	  
capable	   of	   automaCc	   tool	   changing,	  
aiming	   at	   a	   flexible	   “personal	  
biofabricator”	  

Personal	  Bioprinter	  

•  Higher	  payload	  capacity	  
•  Low	  inerCa	  è	  higher	  acceleraCon	  
•  Be\er	  structural	  rigidity	  
•  Low	  sensibility	  to	  errors	  è	  be\er	  

accuracy	  
•  U-‐Joints	  e	  S-‐Joints	  è	  no	  shear	  nor	  

torsion	  moment	  
•  Inverse	  Kinema6cs	  is	  much	  simpler	  

when	  compared	  to	  a	  serial	  robot	  
•  Inverse	  kinema6c	  has	  an	  unique	  

soluCon.	  
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RoboCc	  Cssue	  spheroids	  
biofabricator	  

RoboCc	  bioprinter	   Perfusion	  bioreactor	  
Cell	  sorter	  

Organ	  
BiofabricaCon	  

Line	  

ORS 

More natural solution 

Complexity 
of the 

solution 

Needs for research 

Temporary or permanent implants 

Scaffolds 

Biofabrication 

In vivo tissue printing 

Scientific
 and Technological gap 

Biomedical production of implants by additive electro-chemical and physical
processes

Paulo Bartolo (2)a,*, Jean-Pierre Kruth (1)b, Jorge Silva c, Gideon Levy (1)a,d, Ajay Malshe (2)e,
Kamlakar Rajurkar (1)f, Mamoru Mitsuishi (1)g, Joaquim Ciurana h, Ming Leu (1)i

aCentre for Rapid and Sustainable Product Development, Polytechnic Institute of Leiria (IPL), Leiria, Portugal
bDivision PMA (Production Engineering), University of Leuven (KU Leuven), Leuven, Belgium
cCentro de Tecnologia de Informação Renato Archer, Campinas, Brazil
d Inspire AG, Institute for Rapid Product Development, St. Gallen, Switzerland
eDepartment of Mechanical Engineering, University of Arkansas, Fayetteville, AR, USA
fDepartment of Mechanical Engineering, University of Nebraska, Lincoln, NE, USA
gDepartment of Mechanical Engineering, The University of Tokyo, Tokyo, Japan
hDepartment of Mechanical Engineering and Industrial Construction, University of Girona, Girona, Spain
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1. Introduction

The ageing population, high expectations for a better quality of
life and the changing lifestyle of modern society require improved,
more efficient and affordable health care. This poses new
challenging problems regarding the increasing number of implants
required, new diseases to be treated (e.g., Parkinson’s and
Alzheimer’s) and organ shortage problems. On the other hand,
some medical devices ideally should survive without experiencing
any failures for the patent’s lifetime.

The loss or failure of an organ or tissue is a frequent and costly
problem in health care. Today, treatments include either trans-
planting organs from one individual to another or performing
surgical reconstructions by transferring tissue from one location in
the patient’s body into the diseased site. The disparity between the
need and availability of donor tissues has motivated the
development of tissue engineering approaches aimed at creating
cell-based substitutes of native tissues [16,17,151].

To address some of these demanding issues, a new scientific
domain called biomanufacturing emerged in 2005, during the
Biomanufacturing Workshop hosted by Tsinghua University in China
and defined as ‘‘the use of additive technologies, biodegradable and

biocompatible materials, cells and growth factors to produce
biological structures for tissue engineering applications’’ [22]. More
recently, in a meeting sponsored by the American National Science
Foundation in the spring of 2008, biomanufacturing was defined as
‘‘the design, fabrication, assembly and measurement of bio-elements
into structures, devices, and systems, and their interfacing and
integration into/with larger scale structures in vivo or in vitro
environment such that heterogeneity, scalability and sustainability
are possible.’’ In 2009, during the 59th CIRP General Assembly, a
Collaborative Working Group (CWG) on biomanufacturing was
established based on three main pillars: Biofabrication, Biomecha-
tronics and Biodesign, and Assembly. The goal of this CWG is to
contribute to a coherent strategy for the development, dissemination
and exploitation of biomanufacturing. To pursue this goal, the CWG
aims to optimise current technologies and develop new ones in the
areas of computer-integrated surgical systems, tissue engineering,
bio-informatics and nano diagnosis/medicine, based on the theories
and the technologies established in each CIRP Scientific Technical
Committee (STC).

This review follows the establishment of the CIRP CWG’s focus
on current healing and repairing strategies. Despite the complexity
associated with the design, fabrication and implantation of
appropriate medical implants, this paper addresses only three
critical topics: biomaterials, manufacturing processes and surface
treatments for the fabrication of clinical implants, the only
biomedical implants considered here (Fig. 1). Biomanufacturing
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A B S T R A C T

Biomanufacturing integrates life science and engineering fundamentals to produce biocompatible
products enhancing the quality of life. The state-of-the-art of this rapidly evolving manufacturing sector
is presented and discussed, in particular the additive electrical, chemical and physical processes currently
being applied to produce synthetic and biological parts. This fabrication strategy is strongly material-
dependent, so the main classes of biomaterials are detailed. It is explained the potential to process
composite materials combining synthetic and biological materials, such as cells, proteins and growth
factors, as well the interdependences between materials and processes. The techniques commonly used
to increase the bioactivity of clinical implants and improve the interface characteristics between
biological tissues and implants are also presented.
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New	  revoluCon	  in	  the	  Horizon	  	  

Saraiva.com.br  / wallmart.com.br 

metamaquina.com.br 

Clievertecnologia.com.br 

•  FDM/SLA/SLS and other main AM patents are expiring 2013/14	  
•  SME	  companies	  are	  benefited	  
•  FABLabs	  (universiCes)	  
•  Big	  ones	  entering	  this	  low-‐end	  market	  (AutoDesk,	  3D	  systems	  …)	  

www.up3dbrasil.com.br 
www.trimaker.com http://www.novasilk.com.br 

www.sethi3d.com.br 

3dcloner.com.br 

Rally	  Fighter	  (Local	  Motors)	  
Open	  design	  

Created	  by	  an	  open	  design	  community	  with	  a	  funcConal	  prototype	  in	  14	  weeks	  
You	  can	  assembly	  yourself	  (DIY)	  in	  15	  days	  

New	  business	  models	   Aerospace	  -‐	  NASA	  
Temperatures over 3,315 oC 
part built in less than three weeks with 60% 
costs reduction 
Stand-up for 1 minute with the same 
performance of the injectors traditionally 
produced  

Subscale rocket injectors 

Moon dust simulant sinterized 
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Aerospace	  -‐Boeing	  

“We have approximately 300 different part numbers on 10 different aircraft production programs, 
which amounts to more than 20,000 non-metallic additive manufactured parts that are on vehicles 

that we have delivered to our customers,” 
 

“The F/A-18 Super Hornet has approximately 150 parts in the forward fuselage area that have been 
produced through selective laser sintering.” 

 
Nathan Hulings (Boeing Spokesman) 

Aerospace	  -‐GE	  

19 nozzle per LEAP engine 
100K nozzle produced around 2020  

Source:	  h\p://www.gereports.com/	  

…The 3D-printed LEAP fuel nozzle, for example, is 
five times more durable than the previous model, 
and 25 percent lighter. Additive manufacturing 
allowed engineers to reduce the number of individual 
pieces that were brazed and welded together from 
20 to just one part, and achieve the best fuel flow 
geometry. “These tools unleash incredible creativity,” 
Morris says… 

4D	  PrinCng:	  Programmable	  materials	  

“programmable carbon fiber material that can 
fold, curl, twist and respond to a variety of 

activation energies. By printing various 
materials within the flexible carbon fiber grain, 
we are able to promote local curvature when 

subject to heat, light or moisture” 

“4D Printing entails multi-material prints 
provided by the Connex Technology with the 
added capability of embedded transformation 

from one shape to another, directly off the print-
bed” 

Source: http://www.selfassemblylab.net/ProgrammableMaterials.php 

“Programmable Materials consist of material compositions that are designed to become 
highly dynamic in form and function, yet they are as cost-effective as traditional materials, 

easily fabricated and capable of flat-pack shipping and self-assembly” 

•  Strategic	  area;	  
•  CEPAL/UNIDO	  proposiCon;	  
•  AM	  is	  mulCuse	  and	  taking-‐off	  as	  a	  serious	  manufacturing	  process;	  
•  New	  regulaCons	  and	  tesCng	  for	  processes	  and	  materials;	  
•  Energy	  opCmizaCon;	  
•  Mass	  customizaCon;	  
•  Highly	  flexible	  /	  less	  investments	  (SME);	  
•  Reduce	  supply	  chain	  (from	  jus-‐in-‐Cme	  logisCcs	  to	  just-‐in-‐place	  manufacturing);	  
•  New	  developments	  (materials,	  processes,	  and	  management);	  
•  To	  be	  cheaper,	  faster	  and	  higher	  quality;	  
•  Quality	  control	  “on-‐the-‐fly”;	  
•  Pay	  by	  weight	  -‐	  complexity	  is	  for	  free;	  
•  Open-‐source	  so}ware	  -‐>	  open-‐source	  hardware	  -‐>	  open	  design;	  
•  DisconnecCon	  between	  so}ware	  and	  hardware.	  

Conclusions	  

	  
Obrigado	  pela	  atenção!	  
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