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Introducao

Primeira revolucéao industrial
» A primeira revolucao industrial iniciou-se na Inglaterra em fins do
século XVIIl, com a mecanizacao da industria téxtil.

» Um dos seus marcos foi o desenvolvimento da maguina a vapor.

3 ; P T =
3 [— \\ r |:§ ‘,%«“‘p." =
| il A W TN =R

All

http://users.manchester.edu/FacStaff/SSNaragon/Kant/LP/Readings/IndustrialRevolution.html https://www.pbslearningmedia.org/resource/842
84180-industrial-revolution/replica-of-james-
watts-steam-engine-18th-century-industrial-
revolution/# WTghWty1tUuQ
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Introducao

Segunda revolucéao industrial
» A segunda revolucao industrial iniciou-se nos Estados Unidos no
inicio do século XX

» Um dos seus marcos foi o desenvolvimento da linha de producéo.

“Any Customer can have
a car painted any colour
that he wants so long as it
IS black”

W /Henry Ford’s Remark on the Model T, 1909

2440855752

https://www.thoughtco.com/henry-ford-and-the-assembly-line-1779201
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Introducao
Terceira revolucao industrial

» A segunda revolucao industrial iniciou-se nos Estados Unidos na
metade do século XX

» Um dos seus marcos foi o desenvolvimento comando numeérico
computadorizado.

PMR 3301 Profa. Izabel Machado — machadoi@usp.br
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Introducao

Quarta revolucao industrial

14
> A gquarta revolucéo industrial ndo é definida por um conjunto de tecnologias

emergentes em si mesmas, mas a transicao em direcao a novos sistemas que foram
construidos sobre a infraestrutura da revolucéao digital”, esclarece Schwab, em seu livro

A Quarta Revolucéo Industrial.

» A quarta revolucao industrial, ou Industria 4.0, € um conceito desenvolvido pelo aleméo
Klaus Schwab, diretor e fundador do Férum Econémico Mundial. Hoje, € uma realidade
defendida por diversos teoricos da area. Segundo ele, a industrializagdo atingiu uma quarta
fase, que novamente “transformara fundamentalmente a forma como vivemos, trabalhamos
e nos relacionamos”. E, portanto, uma mudancga de paradigma, ndo apenas mais uma

etapa do desenvolvimento tecnoldgico.

https://www.startse.com/noticia/nova-economia/industria-4-0-entenda-o-que-e-quarta-revolucao-

industrial

PMR 3301 Profa. Izabel Machado — machadoi@usp.br
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Introducao

» Um dos seus marcos foi o desenvolvimento impressoras 3D e gue

certamente afeta essa nova etapa de desenvolvimento tecnoldgico.

« 1983 Charles ‘Chuck’ Hull inventou a Estereolitografia
(SLA), esta foi a primeira tecnologia desenvolvida
para criar objetos solidos a partir de um modelo CAD.

« O Processo de SLA esta baseado na cura e
solidificacdo de camadas sucessivas de polimeros
liquidos utilizando um feixe de luz ultra violeta. Este
processo foi originalmente concebido como uma
forma rapida e de baixo custo para a criagcao d
prototipo dentro centros de desenvolvimento de
produto na industria.

« Dai a origem do termo prototipagem rapida

PMR 3301 Profa. Izabel Machado — machadoi@usp.br
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Como a manufatura aditiva mudou os modelos de negdcios

Table 1

Feasibility issues between additive and conventional manufacturing processes, summarized from [1,10,15,17,18,22,30,31,34-39].

Issue

Additive

Conventional

Market segment

Demand and supply chain

Intellectual Property Rights
(IPR) status

Production process

Product characteristics

Raw material type

High margin, niche segments with high customization and relatively low
economic potential of product

Uncertain / unitary demand, which is best matched with engineering to
order deliveries; high order fulfillment requirements; and/or high relative
transportation costs versus product value

Expired / un-patented / un-branded products with low standardization
requirements

Low level of automation with a high number of distinct production phases
that AM can integrate

Small products with highly complex structures; flexible product quality
requirements in terms of finishing, strength, etc.

Expensive, primarily synthetic powders that in solid form have low
machinability and/or high material removal rate

Low margin, mass segments with low customization and high
economies of scale

Stable / uncertain demand, when products can be made stock
and shipped with negligible costs relative to product value

Highly branded products (= mass market) with established
standards and patents

High level of automation and a limited number of process
phases

Products of any size with maximum quality required

Low to high cost, organic or synthetic materials that have good
machinability and naturally occur in solid form to be used in
subtractive processes

How Additive Manufacturing Technology Changes Business Models? — Review of
Literature , Additive Manufacturing 32 (2020) 101070

Jyrki Savolainen, Mikael Collan

PMR 3301
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Como a manufatura aditiva mudou os modelos de negdcios

J. Savolainen and M. Collan Additive Manufacturing 32 (2020) 101070

Disruptive I E Commoditized AM-infrastructure may E
. change the balance of existing global
value chains. Early industry adopters, |
3DP-equipment suppliers and
countries with heavy R&D
investments on AM will benefit

____________________________________ gromSssssssessssns
E Locally self-sufficient supply chains of E
f market incumbents with repeated
i implementation (“glocalization™) !
leccccccccccccccn= ’_-a ...............
“3DP-supercenters” with
A enhanced AM-capabilities
v
Distributed manufacturing
3DP-service providers » of spare parts by few, big
(OEM-company I consolidated 3DP-service
partners) providers using secure,
1 OEM-controlled digital
Rapid Manufacturing platforms
Rapid Prototyping
Rapid Tooling
‘ — —
Incremental - T i
Present day Future

Fig. 3. Main directions within the closed BM-paradigm, where dashed lines represent the less probable direction of development in the near future.

How Additive Manufacturing Technology Changes Business Models? — Review of
Literature , Additive Manufacturing 32 (2020) 101070

Jyrki Savolainen, Mikael Collan
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Como a manufatura aditiva mudou os modelos de negdcios

E Closed loop local economies in i
E material use. Reduced global
| energy consumption.
4' Re-invention of corporate
| business logic in the
‘ E manufacturing of parts and

Disruptive I

jmemm—e—e———- SssSmesssses 1 products. .
i Home Manufacturing ' e i o C ittt
'
4 and or open-access AM- |
R H
| infrastructure
_________________________
N R S :
; 5 ; ' Filament recycling and i
Cottage industry of user- < R f
designed / -modified parts \ secondary material use ;
esigned / - ed parts |- 1.oo----- [mer el a N
210 . o v = .
DL“_:“ ‘h"““; i 4 and products (limited
platforms and fab-labs commercial potential)
Consumer-grade 3D-
printers to print
household commodities
Incremental L4
Present day Future

Fig. 4. Main directions within the open BM-paradigm. Dashed line indicates the improbable phases in the development

How Additive Manufacturing Technology Changes Business Models? — Review of
Literature , Additive Manufacturing 32 (2020) 101070

Jyrki Savolainen, Mikael Collan
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(b)

Fig. 6. FCM model of a steel joint: (a) non-boundary-conforming mesh, (b) computed von Mises stresses. The geometric model was supplied by the Institute of
Structural Design at TU Braunschweig.

Review
Additive manufacturing in construction: A review on processes, aplications, and digital planning methods Alexander
Paolinia, ], Stefan Kollmannsbergera, Ernst Rank, Additive Manufacturing 30 (2019) 100894

PMR 3301 Profa. Izabel Machado — machadoi@usp.br
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Introducao

O gue é manufatura aditiva

» Processo de manufatura nao convencional por adicao de
material partindo de um modelo computacional
tridimensional;

» Sao processos de fabricacdo que se opdem as
tecnologias convencionais de manufatura;

» Usualmente a manufatura aditiva ¢é feita pela

sobreposicao de camadas de material.

PMR 3301 Profa. Izabel Machado — machadoi@usp.br
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Divisao dos processos de fabricacao

Processos de Fabricacao

1 2 3 4 5 6
Formas Formas Usinagem Unides revestimentos alteragdes de
primarias conformadas propriedades
(secundarias) dos materiais
= —
<> W
| 4

1 2 3 4 5 6

Formas Formas Usinagem Unides revestimentos alteracgdes de

primarias

PMR 3301

conformadas
(secundarias)

propriedades
dos materiais

Profa. Izabel Machado — machadoi@usp.br
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Manufatura aditiva - Evolucao

Additive Manufacturing Timeline: The Shift in Additive Manufacturing Applications

Prototyping and Customization

1986 1989
AM AM Rapid
AM Invented  Prototype
Milestones (SLA) System (EDM)
Impactson 1986
Aerospace  Rapid

Industry Prototyping

Manufacture Spare Parts

Product Design

2007 2008 2009 2014
RepRap User FDM Patent Selective Laser
Movement Generated At Expires - Growth Sintering Patent Expires
| ‘ in Consumer 3DPs
2004 2007 2011 2012 2016 2030-2050
Component  Real-time SULSA 3D System Mass Production (Estimated)
Completed Product

Manufacture ‘

Scaling in Volume, Size, and Availability

Prototype Acquires Z Corp LEAP engine part

GE Acquires
. Morris Technology

Production

-Main Applications 1986 - 2011:

Catalyst for Mass Production Adoption®:

Main Applications 2014 - Future:

- Product Design -  GE plans to mass-produce 25,000 -  End Product Production
- Product Part Production LEAP engine nozzles with AM - -  Mass Production
- Rapid Prototyping already have $22B in commitments -  Democratized Consumer 3D
- Concept Modeling - Parts will drive production and Printing
operational cost savings
- First test to see if AM can
revolutionize production
Deloitte. -5- © 2014 Deloitte Services LP

https://www.forbes.com/sites/louiscolumbus/2015/03/31/2015-roundup-
of-3d-printing-market-forecasts-and-estimates/#af318271b30f

PMR 3301
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Table 2: Most successful industnial RP systems

Vendor sales in 1997

Stereo-Lithography (SL)
281 units  (26%)

3D Systems: 165 units (16%)

Japanese vendors: 97units (9%)

EQS-Stereos: 22 units (2%)

Fused Dep. Mod. (FOM) (25%)

Stratasys: 260 units (25%)

Ink Jet Printing (IJP) Sanders: 152 units (14%)
265 units  (26%) | 3D Systems: 113 units (11%)
Laminated Object Mfg. (LOM) Helysis: 76 units (7%)
98 units  (9%) | Kira: 20 units (2%)

(162 units (15%))

Kinergy: >2 units

{Schroff: 64 units (4%))

Selective Laser Sintering (SLS)
75 units (7%

DTM: 42 units (4%)

EOSint: 33 units (3%

Progress in Additive Manufacturing and Rapid Prototyping J.-P. Kruth (I),Katholieke Universiteit Leuven, Division PMA,
Belgium M.C.Leu* (2),New Jersey Institute of T echnolgy, Mech.Eng.Dept., USAT. Nakagawa (I),University of Tokyo, Inst.of
Industrial Science, Japan* On leave as Program Director for Manufacturing Machines and Equipment at NSF, USA

Annals of the CIRP Vol. 47/2/799

PMR 3301

Profa. Izabel Machado — machadoi@usp.br
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Table 3: List of industrial additive manufacturing processes

Sup-| Process Lay-out Layer creation | Phase Change during | Materials Variants Systems
ply iq layer solidification Naser based
Stereo- Photons Liquid layer Photo-pols Photo-poly Laser 3D System - SLA (US)
Uography | "WV || | deposiion o 8 iluminalion | NTT Data CMET-SOUP (J
Liquid | =*
sV sie 2 D-MEC/Sony - SCS (J)
ina vat it [EOS - Stereos (D)R
« filled resins MEIKO-Colamm (J)
(glass, ceramic, metal,...) Teijin Seiki (Dupont)-Soliform (J)
- colorable resins Aarofiex (Dupont) - Solid Imager
Denken - SLP (J) (us)
. Fockele & Schwarze (D)
' Ushio - Unirapid (J)
Q Flash lamp + Cubital - SCG (Isr)
v milling layers
| | Fused o Continuous Solidification by cooling | Polymers: (ABS, PA,..) FOM Stratasys - FOM (US)
o | Deposition Material | exinysion and Wax Stratasys - Genisys (US)
mm ! meted o | deposiion Filled polymers (glass, )
Metals with binder MS D [IFAM (D)]
Ceramics with binder FOC Devek [Austin, Rutgers)
Ink Droplets Drop-on- Solidification by cooling | Polymers 30 System - Actua (US)
Jet demand 2
:Lmn d Wax milling layers | Sanders - ModelMaker (US)
(WP) S-axis milling Development [Stanford]
layer +contour
Three Layer of No phase change Ceramics with binder Soligen-DSPC (US)
Dimensional | Binder Fo—+ powder +
Printing Powder | Drop-on- Metals with binder Extruhone-3DP (US)
p GO damend binder Polymer with binder Z-com.-3DP (US)
° Selective Loser Layer of Laser sintering / Polymers (PC, PA,..) Laser-based DTM - Sinterstation (US)
¥ | Laser ey powder Laser melting & Filled polymers (glass,... EOS - EOSint (D)
O |Sintering onr resodification by Metals with binder
£ |(SLS) cooling Metals (pure)
R Sand, ceramics
Laser L Poder Continuous Laser melting & Metals Laser Raders - CMB (D)
Cladding dolvereg | iniection ol solidification by cooling + miling layer
through powder and contour
Laser-based Development:
- LENS [Sandia)
- LAPS-J [IPK (D)}
Laminated —» Feeding, Deposition of No phase change Paper Laser cutting Helisys-LOM (US)
Object @ cuting and | gnoet material Kinergy-ZIPPY (Sing)
s (I:;umm of sheets Knife cutting Kira - SAHP (J)
o | Polymer Knife cutling | [SPARX-{Sweden)
: Polymer foam Heated wire Development [Utah)
) C i Laser cutting Helisys-LOM (US)
Ceramics Laser cutting Development [Dayton]
Metals Lasercuting | Semi-industrial [U. Tokyo,
U. Ertangen (D), CRIF(B)]
G |Selective — Cont. | Condensation | Formingsoid fromgas | Metals (A, FeNi,..) Laserbased | Development:
A | Laser Chem. m of gas by chemical reaction Ceramics (SiC....) - LCVD [M. Pianck-(D))
s Vapour out n - SALD [Connect., Texas,
Deposition Renssel]
Activity ceased recently

Profa. Izabel Machado — machadoi@usp.br
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Manufatura aditiva

InterrelacOes de conhecimento

Part Build

CAD Design

L &

o _
& [ Chemical
CAD Translator . Build Process . [ My properties

® 0

File
Verification o bl Physical
00 . & . 28 properties
® .
e ® W PP Cleaning
- . ® o ® Support remove
Orientation P PostProcess
Support o ° ® he . :
o_0 oS L ® <
. o
. o Post curing

oo
A o6

Parameters

EN-MME/ Th. Sahner
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Manufatura aditiva

Manufatura aditiva

Base liquida Base p6 Base sélida

: : > Selective Laser Sintering
» Sterolitografia

» Three-Dimensional Printing > Fused Deposition
> jetting Systems » Fused Metal Deposite _
(o i . Systems Modelling
Irect Light Processing > Electron Beam Melting > Sheet Stacking
» Selective Laser Melting _
> Selective Masking Sintering Technologies

» Selective Inhibition Sintering

> Electro photographic
Layered

> Manufacturing

» High Speed Sintering

PMR 3301 Profa. Izabel Machado — machadoi@usp.br
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Manufatura aditiva

SLS FDM SLA
(Selective Laser (Fused Deposition (Stereolithography)
Sintering) Modelling)
Mirror Laser
C]
FDM-Head Moda) - . Elevator
T “ Material Liquid Pohymer
- / Sweeper

by

Support -
Material

Build Stage

Platform

PMR 3301

Profa. Izabel Machado — machadoi@usp.br
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(Digital Light
Processing)
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Manufatura aditiva

» Selective Laser Sintering (SLS) e Selective laser melting (SLM), sao termos

SLS
(Selective Laser utilizados para processos de impressdo 3D baseado em Laser e materiais em po
Sintering) » Na SLS/SLM camadas de pds compactados sédo depositados em uma cuba, que

é varrida por feixes de Laser, promovendo a SINTERIZACAO ou FUSAO das
particulas de material, gerando o sdélido.
» O material de cada camada é ligado(fundido ou sinterizado) a camada anterior.
» A camara é completamente selada, e pode ser feita em ambiente com atmosfera

controlada. Problema de reatividades dos pés

» Ha necessidade de manter a temperatura com precisdo, devido aos pontos de
fusdo do material.

» Cada material tem um ponto de fuséo especifico, 0 que torna o
estabelecimentos dos parametros de operacao mais complexos

» O po néo utilizado deve ser removido

»> O proprio p6 nao utilizado serve de estrutura de suporte, o que elimina a
necessidade de remocéo posterior destas estruturas

» Geometrias complexas que ndo podem ser executadas por outros processos

podem facilmente serem feitas por SLS/SLM

PMR 3301 Profa. Izabel Machado — machadoi@usp.br
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Manufatura aditiva

SLS » As desvantagens da Selective Laser Sintering (SLS) e Selective
(Se'se_CttiV? La;ser laser melting (SLM), estdo na alta temperatura do processo e a
intering

necessidade de esperar o resfriamento

» Na porosidade resultante

> As vezes € necessario a infiltracdo com outros materiais para
garantir continuidade do meio e aumento da resisténcia do

componente.

» Devido as altas temperaturas a poténcia do laser € bem maior do
gue as de processamento de polimeros

» As exatidbes e acabamento superficial ndo sao tao bons quanto a
SLAeDLP

PMR 3301 Profa. Izabel Machado — machadoi@usp.br
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N. Lu, et al. Additive Manufacturing 34 (2020) 101228

a b et
J Metal powders «—-aserbeam

o Satatatatalatatat
- R R /

™

Coaxial nozzle

= Shielding gas
Powder feed s
owder feeder T Kuka
*«~. robot
Argon chamber

SX Substrate

Fig. 1. (a) Directed energy deposition (DED) setup; (b) DED schematic diagram.

.mt cracking behavior and mechanism of a third-generation Ni-based single- T crystal superalloy during directed energy deposition
‘Nannan Lua,1, Zhenglong Leia, * 1, Kuan Hua, Xingfu Yub, Peng Lia, Jiang Bia, Shibo Wua, Yanbin Chena additive Manufacturing 34 (2020) 101228

PMR 3301
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200pm

Top
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200pm
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Fusion =
fnterface
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Substrate =

Fig. 4. OM images showing the microstructures of CMSX-10 on Ni-based SX superalloys (a); local enlargement microstructures of the top region (b), the middle
region (c), and the bottom region (d) in the deposited specimen; the SE image of y’ precipitates in the deposit (), near the fusion interface (f), and in the substrate (g).

10um

S 4 r
«»‘_' #““Narrow shrinkage cavities

Fig. 6. Distribution of defects: (a) SE image of gas pores and cracks, (b) BSE images of strain grain (SG) and shrinkage cavities, (c) enlargement of shrinkage cavities.

Hot cracking behavior and mechanism of a third-generation Ni-based single- T crystal superalloy during directed energy deposition
e o4
“Nannan Lua,1, Zhenglong Leia,* 1, Kuan Hua, Xingfu Yus, Peng Lia, Jiang Bia, Shibo Wua, Yanbin Chena additive Manufacturing 34 (2020) 101228
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i 4
Point 1

Point 2

Re Segragation

Fig. 8. EPMA elemental distributions of the region near the central crack. (a) SE image of the crack initiation; (b) BSE images of the crack initiation; (c) enlargement
of the selected region in b; Elemental distribution maps of: (d) Al; (e) W; (f) Re; (g) Ta; (h) Co; (i) Cr.

Hot cracking behavior and mechanism of a third-generation Ni-based single- T crystal superalloy during directed energy deposition
| eea by
['Nannan Lua,1, Zhenglong Leia,*,1, Kuan Hua, Xingfu Yus, Peng Lia, Jiang Bia, Shibo Wua, Yanbin Chena additive Manufacturing 34 (2020) 101228
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Manufatura aditiva

SLS
(Selective Laser : =Ll .
Sintering) (Selective Laser Melting)
Video Video
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Manufatura aditiva

» Fused Deposition Modelling FDM e Freeform Fabrication FFF

Processos baseados na extrusdo de termoplasticos

E o processo mais comum, mais popular e mais facilmente reconhecido de

impresséao 3D

» Pode ser industrial ou de uso caseiro

» O processo se caracteriza pela fusao de um filamento de termoplastico que é
depositado, por meio de uma extrusor aquecido, em camadas sucessivas

» Cada camada endurece ap0s depositada e se gruda na camada anterior

» A maior parte dos materiais disponiveis para FDM permite a aplicacao
industrial

» Processo necessita de estruturas de suporte quando a estruturas em balanco
no componente, isso analisado de forma automatica pelo software de
impressao, o que leva a necessidade de limpeza e remocéo

» Materiais de natureza diferentes podem ser processados simultaneamente

(duas cabecas de impresséao)

Processo mais amigavel

processo lento

pode apresentar problemas de adesao entre as camadas, 0 que causa

delaminacéao

> pecas podem ndo ser estanques, pos processo com acetona pode resolver o
problema

vV VY

Y V V

PMR 3301 Profa. Izabel Machado — machadoi@usp.br
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Manufatura aditiva

FDM
(Fused Deposition
Modeling)

Video
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ACAD Pte Ltd

Your €D Printing Solution

Send us your .STL file, We will advise you accordingly!
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Manufatura aditiva

A SLA é reconhecidamente o primeiro processo de impresséo 3D

SLA
(Sterolithography)

SLA foi com certeza o primeiro a ser comercializado
E um processo baseado em Laser com resina polimérica

O Laser realiza a cura da resina para formar o corpo solido

YV V V V VY

Mirror O Laser

E capaz de produzir pecas com elevada exatiddo, é considerada como sendo o

Elevator

iquid Polymer processo mais preciso de manufatura aditiva.

Sweeper

A\

E capaz de produzir pecas com excelente acabamento superficial

A\

E um processo relativamente complexo, mas simples na sua execucao
» O faixe de Laser é direcionado contra a superficie da resina de acordo com as

informacdes fornecidas pelo programa a maquina (arquivo *.stl)

Platform

» Assim que uma camada € concluida a estrutura submerge no tanque de um
incremento predefinido, e uma nova camada € processada, e 0 processo se
repete até a peca ser completada.

» Devido a natureza do processo existe a necessidade de estruturas de suporte,
gue precisam ser removidas posteriormente.

» Pode haver a necessidade de cura posterior para garantir a integridade estrutural
da peca

» Suas principais limitantes estdo no pés-processo (limpeza, pdés cura, remocéao
das estruturas de apoio), e a estabilidade do material, o qual se torna mais fragil

com o tempo.

PMR 3301 Profa. Izabel Machado — machadoi@usp.br



) ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO

Manufatura aditiva

SLA
(Sterolithography)

Video

https://www.youtube.com/watch?v=NM55ct5Kwil

https://www.youtube.com/watch?v=eKk2vRysioE
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Introduction to Stereolithography
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DLP > E um processo similar a sterolitografia, onde a impress&o 3D ocorre pela

(Digital Light polimerizacdo de foto polimeros.

Processing) » A grande diferenca com relagédo a SLA é fonte de luz polimerizadora

> DLP usa fontes de luz convencionais (ex. LED, cristais liquidos,
lampadas a arco) ao invés do Laser

» Aluz polimerizadora atua sobre toda a superficie

» ADLP é mais rapida do que a SLA

> E capaz de produzir pe¢as com a mesma precisdo e acabamento do que

a SLA

» Também precisa de estruturas de suporte

e » Também necessita de pOs processo: limpeza, cura adicional, remocéo

~
das estruturas de suporte
Photopolymer

Lense

Light Source Q ===
o

-A_

» A principal vantagem frente a SLA é a menor quantidade de resina

Motor

necessaria, ja que nao ha necessariamente um tanque de submerséo, o

gue reduz o custo

PMR 3301 Profa. Izabel Machado — machadoi@usp.br


https://www.youtube.com/watch?feature=player_detailpage&v=jmovk_Nr1l8

) ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO

Manufatura aditiva

DLP
(Digital Light Processing)

Video
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[T — » E um processo de prototipagem rapida desenvolvido

manufacturing

(LOM) pela Helisys onde as camadas sao cordas em papel e

coladas sucessivamente.
» O corte pode ser mecanico com laminas ou por Laser
» Os objetos criado por LOM podem ser posteriormente
usinados

> A espessura das camadas € funcdo da espessura do

Copyright © 2008 CustomPariNet p ap e I u ti | i Z ad O
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Laminated object
manufacturing
(LOM)

Video
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Materiais

Nylon, or Polyamide, is commonly used in powder form with the sintering process or in
filament form with the FDM process. It is a strong, flexible and durable plastic material that
has proved reliable for 3D printing. It is naturally white in colour but it can be coloured —
pre- or post printing. This material can also be combined (in powder format) with powdered
aluminium to produce another common 3D printing material for sintering Alumide.

ABS is another common plastic used for 3D printing, and is widely used on the entry-level
FDM 3D printers in filament form. It is a particularly strong plastic and comes in a wide
range of colours.

ABS can be bought in filament form from a number of non- propreitary sources, which is
another reason why it is so popular.

PLA is a bio-degradable plastic material that has gained traction with 3D printing for this
very reason. It can be utilized in resin format for DLP/SL processes as well as in filament
form for the FDM process. It is offered in a variety of colours, including transparent, which
has proven to be a useful option for some

some applications of 3D printing. However it is not as durable oras flexible as ABS.

PMR 3301 Profa. Izabel Machado — machadoi@usp.br



) ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO

Manufatura aditiva

Materiais

LayWood is a specially developed 3D printing material for entry- level extrusion 3D
printers. It comes in filament form and is a wood/polymer composite (also referred to as
WPC).

A growing number of metals and metal composites are used for industrial grade 3D
printing. Two of the most common are aluminium and cobalt derivatives.

One of the strongest and therefore most commonly used metals for 3D printing is
Stainless Steel in powder form for the sintering/ melting/EBM processes. It is naturally
silver, but can be plated with other materials to give a gold or bronze effect.

In the last couple of years Gold and Silver have been added to the range of metal
materials that can be 3D printed directly, with obvious applications across the jewellery
sector. These are both very strong materials and are processed in powder form.
Titanium is one of the strongest possible metal materials and has been used for 3D
printing industrial applications for some time.

Supplied in powder form, it can be used for the sintering/melting/ EBM processes.
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Materiais

Ceramics

Ceramics are a relatively new group of materials that can be used for 3D printing with various
levels of success. The particular thing to note with these materials is that, post printing, the
ceramic parts need to undergo the same processes as any ceramic part made using traditional
methods of production - namely firing and glazing.

Paper

Standard A4 copier paper is a 3D printing material employed by the proprietary SDL process
supplied by Mcor Technologies. The company operates a notably different business model to other
3D printing vendors, whereby the capital outlay for the machine is in the mid-range, but the
emphasis is very much on an easily obtainable, cost-effective material supply, that can be bought
locally. 3D printed models made with paper are safe, environmentally friendly, easily recyclable and
require no post-processing.

Bio Materials

There is a huge amount of research being conducted into the potential of 3D printing bio materials
for a host of medical (and other) applications. Living tissue is being investigated at a number of
leading institutions with a view to developing applications that include printing human organs for
transplant, as well as external tissues for replacement body parts. Other research in this area is
focused on developing food stuffs - meat being the prime example.

PMR 3301 Profa. Izabel Machado — machadoi@usp.br 45
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Materiais

Bio Materials

There is a huge amount of research being conducted into the potential of 3D printing bio materials
for a host of medical (and other) applications. Living tissue is being investigated at a number of
leading institutions with a view to developing applications that include printing human organs for
transplant, as well as external tissues for replacement body parts.

Food

Experiments with extruders for 3D printing food substances has increased dramatically over the last
couple of years. Chocolate is the most common (and desirable). There are also printers that work
with sugar and some experiments with pasta and meat. Looking to the future, research is being
undertaken, to utilize 3D printing technology to produce finely balanced whole meals.

Other

And finally, one company that does have a unique (proprietary) material offering is Stratasys, with its
digital materials for the Objet Connex 3D printing platform. This offering means that standard Objet
3D printing materials can be combined during the printing process — in various and specified
concentrations to form new materials with the required properties. Up to 140 different Digital
Materials can be realized from combining the existing primary materials in different ways.

Concrete
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Materiais

Chocolate Concreto Ceramicas Papel
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Cadela de valores na manufatura aditiva

N N X X
design

Mainly: Creation of
metal powder

> Powder with high
purity and a very
narrow distribution
of the granular size
(usually 30um)

> Hard to get from
large providers due
to small orders
=Usually sold by
AM system
providers

Players:

> HOganis

= TLS Technik
> San

= etc.

PMR 3301

>Usually stand-
alone powder bed
fusion systems

> System providers
with low levels of
vertical integration,
standard
components
usually made by
contract
manufacturers

= Providers
integrate
components system
& software

Players:

=>EOS

= SLM Solutions
= ConceptLaser
= efc.

Profa. Izabel Machado — machadoi@usp.br

>Differentiation
between process
control and
enhancement
software

> Process control
from system prov.
> Add-on software
such as automatic
support generation,
design optimization
By specialized
companies

Players:

> Materialise
= netfabb

= With

= ete.

= Support for end
customers

> Can be complex
and demanding

> Done by system
providers, software
developers and/or
service providers
=>Not every service
provider is able to
design applications

Players:
=>3TPRD

= ConceptLaser
=EOS

= efc.

=Different produc-
tion scenarios:

- Large OEM

- Contract manu-
facturer/service
provider

- Specialized part
manufacturer

> Production is
normally not done
by AM System
providers

Players:
=3TPRD

= Janke Engin.
> Layer Wise
= etc.
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“3D PRINTING’S POTENTIAL TO REVOLUTIONIZE
MANUFACTURING IS QUICKLY BECOMING A REALITY.”

GLOBAL 3D PRINTING MARKET GLOBAL 3D PRINTING MARKET BY APPLICATION

Market is Expected to Reach Consumer Products Industrial Products

$8 .6 Billion by 2020 Defense Aerospace
L Healthicare Automotive
8 [
¢ = 1 Education and Research Others
4 | | GLOBAL 3D PRINTING MARKET BY MATERIAL
:
o Polymers Metals
2013 2020 )
Ceramics Others

GLOBAL 3D PRINTING MARKET BY TECHNOLOGY GLOBAL 3D PRINTING MARKET DYNAMICS

* Selective Laser Sintering Drivers

« Efficient use of material

* Use of multiple materials for printing

* Reduction in human error

* Customization of products

* More competitive advantages

* Delivering various innovation opportunities

¢ Stereolithography

e Electron Beam Melting  ® Fused Deposition Modeling

® [aminated Object

Manufacturing * Others

GLOBAL 3D PRINTING MARKET BY GEOGRAPHY

NORTH AMERICA, ASIA-PACIFIC ,LAMEA

EUROPE
Highest Revenue Generating Geography
$3.563 Billion by 2020

* Reduces development cost and time
« Efficient logistic management

Restraints

Higher cost for individual user

Software required for 3D printing are costly
Lack of channel partner assistance

Lack of skilled labor

Size of output generated

https://www.forbes.com/sites/louiscolumbus/2015/03/31/2015-roundup-
of-3d-printing-market-forecasts-and-estimates/#af318271b30f
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Figure 1: Reasons for Pursuing 3D Printing

Transformed customer
experience/service
42

Other
1.3

Cost reduction
9.4

Improving supply chain
logistics

31 Prototyping

24.5

Improving supply chain
sourcing, 3.4

Increased efficiency, 9.6

Develop
customized/personalized
products, 8.0

New revenue sources, 4.8 Innovation (create new items
Improved or expanded that are impossible using
product line traditional methods)
4.5 111

Source: Gartner (November 2014)

https://www.forbes.com/sites/louiscolumbus/2015/03/31/2015-roundup-of-3d-printing-market-forecasts-
and-estimates/#af318271b30f
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NOW & IMMEDIATE FUTURE LIKELY DEVELOPMENTS FUTURE SCENARIOS

Weight reduction on aircraft Printing entire Application in Printing entire
DEFENSE & sircraft wings space exploration Aircraft
AEROSPACE .
Niche, low Seif-healing
Printing on the battiefield military vehicles
Light-weight & specialist Innovative vehicles
AUTOMOTIVE components in some vehicles enabled by 3D printing
Crowd-sourced vehicle
design & manufacture
Brostatis B & sncepriced ——
prolants Complex printed
organs
CONSUMER Co-creation with customers Grandparents buy
3D printers for
Popularity of DIY & "Maker™ communities
GENERAL New innovative products appearing Reteoling & reskilling Rows of 3D
prolotypmg & specnnlisl with printed components printers on
MANU- manufacturing = -~ - factory floors
inted electronics printing coexisting
FACTURING embedded in parts traditionsl manufacturing
SUPPLY Printing buresus Recyding used for Off-shoring modes Reorganization of
L servicing niche feed materials begin to be challenged business models
CHAIN markets
Rising demand for powdered
titanium & other feed materials Direct supply: Ship the design, not the product

Intellectual property
issues debated

Crowd-funding models perfected

by 3D printing technology

Adjustment of commodity values as a
result of changing demand patterns

https://www.forbes.com/sites/louiscolumbus/2015/03/31/2015-roundup-of-3d-printing-market-forecasts-and-
estimates/#af318271b30f
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Summary Forecasts For The 3DP Market By Industry

Total Market (millions)

® Aorospace

SMARTECH

https://www.forbes.com/sites/louiscolumbus/2015/03/31/2015-roundup-of-3d-printing-market-forecasts-and-
estimates/#af318271b30f
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Vantagens

» Fabricacdo de modelos complexos e flexibilidade;

» Velocidade;

» Possibilidade de desenvolver produtos customizados;

» Ferramental zero;

» Projeto muito leve — otimizacéao topologica;

» Sustentabilidade — minimo desperdicio de material, baixo consumo de energia;
» Ambientalmente amigavel — sem residuos, reuso de materiais;

» Minimo custo de armazenamento;

» Reducédo de desemprego — dispersdo da tecnologia levara ao aumento da

demanda por méao de obra gualificada.
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mercado

Desvantagens

» Precisao dimensional e geométrica questionavel

» Necessidade de remover o material de suporte

» Limites nos materiais que podem ser empregados

» Complexibilidade na definicdo dos parametros de processo
» Custo de material

» Resisténcia dos materiais atuais

» Patentes — muitas solucoes sao protegidas por patentes
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mercado
Desvantagens
» Limites dos tamanhos possiveis de serem impressos

» Impresséao indiscriminada de produtos controlados — ex. armas
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Manufatura aditiva — ciclo de vida produtivo

Rapid Rapid

Prototyping Manufacturing --

Idea Death of
T % the part

PRODUCT LIVE CYCLE
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Schema - Impact of the complexity on the cost

e
o
whan

AAE

no more feasible
in “traditional ™

Fabrication costs

low middle high

Complexity of the part
Th. Sahner

Scheme- influence of the quantity on the cost

, Break even
2 |~ Quantity Additive
\ i -~ Manufacturing

“Traditional™

Fabrication Costs

Fabrication

ADDITIVE MANUFACTURING \ ! Quantity

Th. Saliner
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Diferenca no conceito

» Projeto para manufatura » Projeto para impressao

convencional 3D
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Manufatura aditiva — ciclo de vida produtivo

Diferenca no conceito

» Projeto para manufatura convencional » Projeto para impresséo 3D
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Riscos

» Seguranca — a exposicao aos pos podem ser causar doencas quando sdo manipulados ou
trocados

Risco aos sistemas respiratorio — a exposi¢cao aos pos pode causar doencas respiratorias
Risco aos olhos quando da exposi¢cdo ou manipulagao

Risco a pele quando da exposi¢céo aos materiais e sua manipulacéo

Exposicéo a elementos potencialmente cancerigenos

Exposicao a radiacédo dos Lasers

V V VYV V V VY

Impressao 3D consumem de 50 a 100 vezes mais energia do qu os processos de injecao de
material (2009, Loughborough University)

» Impressao 3D consumem 100 (+) vezes mais energia do que os processos de fundicao
convencionais

» Impresséo 3D € mais recomendada para a fabricacdo de pequenos e médios lotes
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Riscos

» Seguranca— emissao de gases nocivos

> Forte dependéncia do plastico — 0 que € ecologicamente questionavel, problemas relacionais a
reciclagem e decomposicao dos polimeros na natureza

» Risco associados a licencgas, patentes e pirataria
» Risco associado a producéo de produtos controlados, Ex. armas

» Responsabilidade solidaria do fabricante. Problema juridico, ex. a impressaode uma arma ou de
um capacete que falha, ou fora dos padrdes de norma. De quem € a responsabilidade legal? De
guem imprimiu? de quem projetou? de quem forneceu a maquina? de guem forneceu o material?
N&o ha jurisprudéncia orientando. Nao existem normas consolidadas

» Questbes ética relacionadas a impressao com bio materiais. Questdes éticas, legais e de direitos
autorais relacionadas a impressao de 6rgaos humanos

» Riscos associados a impresséo de comida
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Aspectos
comerciais

Formacao dos custos — emissao de gases nocivos

Aquisicdo da maquina

Amortizacéo do investimento

Custo de energia

Custo dos consumiveis

Custo dos equipamentos auxiliares (Ex. limpeza, lavacao, exaustéo, gases de protecao, etc.)
Custo de instalacéo

Custe de estoque de materiais

Custo de manutencao

Custo de softwares

vV V. VYV VY ¥V V VY V V VYV V

Outros
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Site interessante

http://www.3ders.org/applications.html
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Atividade

De 2 exemplos de aplicacao de manufatura aditiva. Descreva 0s processos, tipo
de equimento, software, materia prima e custo relacionado com o processo e 0
gue achar relevante para uma descricao completa.
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