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What is Additive Manufacturing ?

ISO/ASTM definition:

Different terms used since AM started:

E-Manufacturing

"Process of joining materials 1o make Sk N R N
objects from 3D model data, usually Generative Manufacturing
|qyer upon k'_lyerr as Opposed to Additive Layer Manufacturing
subtractive manufacturing Accitiys enutactiing
Th d | i h 1_ CH' | 3D Printing
methodologies, such as fraditiona Raakibrsiutatiing
machining.” Constructive Manufacturing
Direct Digital Manufacture
Additive Fabrication

Difteswrmmeieicss: Different technologies: SLA / SLS / 3D-Printers

Polymers / Metals / Ceramics / FDM / DLP / DMLS / EBM / LMD / LC / ...



What people need

KNOW ADDITIVE

THINK ADDITIVE

DESIGN ADDITIVE

New young designer, in deep knowlege of traditional
4 technology, of additive and thinking in a new way

/
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Market Application & |

Markets Leveraging Additive Manufacturing

Aerospace & Medical
Defense Devices

X T M F & ¥ o

High-Tech Oil & Gas Automotive Consumer Industrial Mfg.

Application Across Industries

* High-design parts * Lightweight options * Short lead-time « Replacement parts

» Rapid prototyping * Mass customization « Tooling + Complex geometries
* Fixtures * Reduced material cost « On demand production * Micro scale modeling

» Part consolidation * Molds « Reduce labor cost » Small lot sizes



Revenue Forecast for the 3D Printing Industry from 2014 to 2020
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Metals & Other

_ Moldable Polymers,
I Human Cells and Tissues

. Implementation of 3D
- printing technology into

- our everyday lives, both - Biotechnology

- personal and business - Synthetic Tissues Applications
N nTrar STy Metals & Other e R O e
Integration of 3D printing TtSt lsthkI ....................................

Z : . Titanium, Stainless Steel, Nicke

: :ecdh_?ologly with Faes . and Cobalt Chrome Alloys, Rapid Prototyping &

; adiuonal manutacinng | Aluminum, Gold, Inconel, Epoxy Industrial

- processes, materials and " Resins, Ceramics, Sand, Carbon Manufacturing

- software - Fiber (new)

Invention of technology
: and development of first
- hardware prototype

Technology Capabilities

1987

. ABS, Nylon, PLA, HIPS
- Polycarbonates, Glass-
- filled Polyamide, j
© Photopolymers and Wax

~2000

Wide Adoption by
Consumers &
Businesses

—g 2010 2020 2025



Technology / Metal i;@* -

Powder Bed Fusion: Selective Laser Sintering (SLS), Direct Metal Laser Sintering (DMLS),
Selective Heat Sintering (SHS), Electron Beam Melting (EBM), and Electron Beam Welding*
(EBAM, uses wire fed material)

Sample - Metal Additive Equipment Manufacturers

CONCEPTLASER

-

Metals: Titanium, Stainless Steel, Aluminum, Nickel Alloy, Precious Metals, [
Inconel, Cobalt Chrome and many others in development e, ’ :



Technology / Polymers J’:@_ .

Vat Photopolymerization: Stereolithography (SLA), Digital Light Processing (DLP) Liquid
photopolymers, Selective Laser Sintering (SLS) a photo-reactive resin are selectively cured
with a UV laser or similar power source

Sample - Polymer Additive Equipment Manufacturers

«1’
ih envisionrec

BDSYSTEMS

e lr-g.,h

@MmakerBot. carbonid)

Polymers: ABS Plastic, Nylon, Polypropylene-like, Resin, Carbon Fiber, Acetal,
Polycarbonate-like, and many others in development



Software / Design Tools — @ —
-:Lﬂ.

A wide variety of tools are used when designing for Additive. Some aide in the design, others
analyze for structural conformity, while others optimize the topology of the object to be
prmted Together they work to produce an STL file that |s ready to prlnt

Design Analysis Optimization
(CAD Interpretation) (Flnlte Element Analysis) Topology / Layer Optlmrzatron)

S

» AutoCAD Altair - OptiStruct : - Netfabb

s SOLIDWORKS f MSC Nastran : - Materialise
~« CATIA .+ ANSYS .« TOSCA

+ Siemens PLM



... D CONSEGUENZA ANCHE |
PARADIGMI PRODUTTIVI

The Long Tail
A

e ~

-
>

Popularity Rank
Fonte: Chris Anderson, “The Long

Tail: Why the Future of Business
is Selling Less of More”, 2006

ustomizati

Prodotto&servizio
Flessibilita

- * Produzione di
Production piccola serie

Prodotti unici

* Lottizzazione
* Economie di scala

* Prodotti standard e
maturi



Combining several KETs for
advanced AM products

SOCIETAL
CHALLENGE

TRANSPORT

g omomcs o s
P ADVANCED MANUFACTURING

A |

N

,;-.}x- '
> v CUSTOMIZATION FOR REAL END USER NEEDS (@»‘3 '
¥ NEW FUNCTIONAL DESIGNS FOR NEW VENICLE CONCEPT! = ;

_ - .i ¥ NEW CONCEPT OPTIMISED INTRINCATED STRUCTURES TO FIT FUTURE USABLE SHAPES
- ¥ MANUFACTURING ON DEMAND



Market Size

2020 Expected Market Size
Estimated Global Market for

$2 1 + Bi”ion ggf‘i:LV:SManufacturing Products &
$3.1 $12.5 $21.0

billion billion billion

Source: Wohler's 2014




Polimeric additive

manufacturing
technologies




The diverse industrial uses of AM

Comvenlionally machined Dracket (nght) and redesigmed Dracket (Fgnt) useng Sopology Airbus
oplimization, cowrlesy of Laser Zenimem Nord GmbH and Arbus

Tooling: Linear Mold,
Triform Shoe cleats: NIKE

Modular products:
Google Ara

L

ajhart@mit.edu - 6



The 7 AM methods (from ASTM F42)
-~ ."J{iiiiﬁ -[Vat photopolymerization (= SLA): material is

Low energy

High efergy

T

TN |

cured by light-activated polymerization.
= Material jetting (= Objet): droplets of build material
are jetted to form an object.
~= Binder jetting (= 3DP): liquid bonding agent is jetted
to join powder materials.

-[Material extrusion (> FDM): material is selectively]
> ldispensed through a nozzle and solidifies.

= Sheet lamination (= LOM): sheets are bonded to
| form an object.

~m = Powder bed fusion (= SLS/SLM): energy (typically

a laser or electron beam) is used to selectively fuse

|~ regions of a powder bed.

= Directed energy deposition (= LENS): focused

L thermal energy is used to fuse materials by melting
~ / as deposition occurs.



éed deposition

modeling (FDM)

North rop\
Grumman ]

Selective laser
sintering / melting (SLS/SLM)

Laser
Mirror scanner .

Protective

Roller / scraper —\ ” l|h oot

Feed container
Base plate

Buiid eylinder
Overflow container

Stereolithography (SLA)

// r:

ajhart@mit.edu - 10



Material and Binder

' Voxeljet
- Stratasys/Obijet
g i Print Block Y i
Inkjet heads
Scanning —*H
X Direction

T L lamp (x2)
Printed Part hﬂ‘:\ Bk —lixc|

- : — Leveling Roller

s'u“
":.:'. -

:;.

Laminated Object
Manufacturing (LOM)

Directed Energy Deposition

Laser Beam

Oplomec

Fabrisonic

minr

Sciaky

ailkart@mit adi - 11



Processes

Machines

Build volume Build rate [em”3/h]

Layer

thickness
[mm] 10 100 1000 (mm]
FDM Dimension 1200| 254x254x305 0.25
Polyjet | Objet 30 Pro 294x192x148 0.016
Naw y L Y | 0.1

Baet M Flex 100x250x250 =

Projet860Plus S08x381x229 -

SLS(P) SPro60HD Base | 381x330x437

cii EOS M400 400x400x400 0.03
EOS M290 250x250x325 N/A
EBM A2X 200x200x200 N/A




The Promise of 3D Printing for

Manufacturing

e
A -

Changes in Design Increased
the Economics Freedom Part
of Production Functionality
Prodiici Environmental Nﬁw Supply
o s 1 H Chai d
Personalization Sustainability ans an

Retail Models




Changes in the Economics of Production

Economies of Scale Economies of Scope
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Conventional

Conventional :
manufacturing

manufacturing
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= 3D printing = 3D printing
% o
7]
-
o > b
. Units manufactured (volume) ) L Number of product variants - complexity
2

Production of multiple product
variants using the same
equipment, materials and

3D Printing reduces the minimum processes

efficient scale

Marginal costs do not change
with volume

Manufacturing of complex shapes
Efficient alternative for low-to- with no additional costs

medium-sized production runs

Enablement of efficient product
individualization/personalization



3D Printing Provides Design Freedom




CONVENTIONAL SUPPLY CHAIN

3D PRINTING SUPPLY CHAIN

e e e A U e e e e e o T e e S R I 2

New Supply Chains and Retail Models

Local Manufacturing Site

’ ; N
h Inventory | , fi:t
Local Raw [ 1/ N o

Material Supplier ; A: NG| Iﬁ 1:32‘
Y e o ole] Customers
R - i
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Airbus A350 XWB Program includes over 1000 3D printed

flying parts
@AIRBUS

Airbus A350 XWB program contains
more than 1000 flight parts 3D printed
on Stratasys FDM Production Systems

Increased supply chain flexibility and
geometric freedom

Provided valuable weight reduction
compared to traditional components




Novel Design Strategies

. [Creative ]

* Design for Functionality,

topology optimization
* Cellular structures
* Part Consolidation
* Compliant mechanisms

* Multiple materials, multi-

functionality

'FABRICATED

THE NEWWORLD OF 3D PRINTING
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Housewares, Clothing, Jewelry

Freedom of Creation N-E-R-V-0-U-S System

Prior 2 Lever
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AM: Additive Manufacturing

Re-Engineering




Custom Geometries

OsteoFab Patient Specific
Cranial Device fabricated in
polyetherketoneketone (PEKK)
on EOS P800

Siemens, Phonak, Widex, etc. o \

H;I:'.i
Modeii 1




AM: Additive Manufacturing

Materie
~lastiche

1 Componente




THE FIRST IDEA ->

Earlier AM parts (arguably not the earliest)

=
Photopolymerization 77 :
Kodama, 1981 (Rev Sci Instr) _m;“—' §
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Sintering of metal/ceramic powder
HAansehmalAdar AQ70 (Datamdh




Gli albori della tecnologia, la prototipazione rapida

Stereo Lithography (STL) - nasce negli anni 80 e si
sviluppa negli anni ‘90

Attraverso 'impiego di un laser viene tracciata la sezione di un pezzo. Il
laser cede energia, la resina fotosensibile polimerizza e si ottiene uno strato
solido.

Successivamente viene aggiunto un altro strato di materiale liquido ed il
procedimento si ripete fino a che da strati successivi si ottiene il prototipo.

ra
am o -

/ K ¥ scaming mimor
i Laser beam
Elevalor

Liguid
phbtopolyme

eeeeeee



formlabs W

Form 2

The most advanced
Gesktop 3D printer
ever Created.

2, Clear FLGPCLO3, 0025

Cuori 3DIFIC in calcinabille form ['] - PreForm
File Edit View Help




HOBBYIST FDM DESKTOP SLA (FORM 1+) INDUSTRIAL SLA
Part Cost: $0.41 Part Cost: $1.67 Part Cost: $6.00
Machine Cost: $2,500 Machine Cost: $3,299 Machine Cost: $3200,000



Fused Deposition Modeling
(FDM)

Scalable Technology




General 3D Printing Process

248 =

3D CAD Printable
Model

Slicing Layer Slices AM
File (e.g. STL)  Software & Tool Path Process

Physical
3D Object

34



Hypothesis of process — step 1

« Going to find the resource you want to print

The British

useum

35



Hypothesis of process — step 2

e Choose the resource

The British
Museum

coin

Object Type

coin

Museum number
1884,0704.2

Denomination

stater

Description

Silver coin. (whole) (whole)

Turtle with row of dots down shell and three
across the top. (cbverse) (cbverse)
Trisceles with central dot, all in incuse

D000

square. (reverse) (reverse)

Use this image ©




Hypothesis of process — step 3
« Downloading the STL file

< C @ stlfinder.com/3dmodels/

...[

aegina stater 3d models

gina-st

® r @GR

F—incler[ T— ] & | iiber~

44 3d models found related to aegina stater.

Silver stater coin from
Aegina at The British
Museum, London

The idea of minting coins in silver
was initially adopted by the Greek
city states of Aegina, Corinth and
Athens. This idea then spread
rapidly across the Meditteranean.
By the end of the 500s BC, most

mrimte had cbarbad malina caine

Silver stater coin
(Wappenmunzen) from
i Museum

The earliest known stamped
stater (having the mark of some

authority in the form of a picture

or words) is an electrum turtle
coin, struck at Aegina that dates
about 700 BC. It is on display at

+tha BiklinthA~ia Ratianala ~F

Celtic Gold Coin. Ztota

celtycka moneta.

Photogrammetric model of celtic
coin dated on 2 half of first
century before Christ form
Kujawy region. ..Prepared by
Miron Bogacki. Moneta celtycka
(hojska), stater typu Gaski wybity
na Kujawach, 2. pot. | w. przed
Chr. oprac. ..Miron Bogacki

Relief

A relief from the West Pediment
of the Aegina Temple. The artist
who conceived the west
pediment of the Temple of
Aphaia was faced with a double
challenge: on the one hand he
had to make the confused,
chaotic shambles of a fierce,

tumultuous hattle

22

Archer for the East
Pediment of the Temple
of Aphaia

Herakles seated Greek, archaic
485-480 BC origin found on
Glyptothek, Mtichen From
Aphaiatemplet, Aegina, east
gable V, KAS541e. The Royal Cast
Collection (Copenhagen,

Mammaneld Kada it Mamants



Hypothesis of process — step 3
« Downloading the STL file

C & myminifactory.com/object/3d-print-sivter-stater-coin-from-aegina-at-the-british-museum-london-16389

g Creators! Discover exclusive content and be a part of the movement...

[™] mMyMiniFactory

k1l ® ®
TRIBES EXPLORE ~ STORE CROWDFUNDING STORIES COMPETITIONS CONTRIBUTE « MMF+

Silver stater coin from Aegina at The British Museum, London
hed 6 yea

Scan The World [wE»
@5Scan The World
& 12,235 objects

£+ 6,767 Followers &

Click & Print preview @

92 @0 (©® AddtoCollection > | =

Description

Support Scan The |

The idea of minting coins in silver was initially adopted by the Greek city states of
Aegina, Corinth and Athens. This idea then spread rapidly across the Meditteranean. By
the end of the 500s BC, most mints had started making coins with designs on both
sides.

38




Hypothesis of process — step 4

* Review of downloaded file (free *.stl viewer - viewstl.com)

Print 3D - stw-162-british-museum-silver-stater-coin-aegina-1

Unita del file

Unita
a o
i

n ft m

oK




Hypothesis of process — step 5

* Remote 3D print cost estimation

| fama3d.it/it/preventivo.html

FAMA 3D & una divisione della Fantinelli Srl, da oltre 140 anni nella meccanica di precisione . +390331.64223? & supporto@fama3dit M Italiano v

FAMA@ A PREVENTIVATORE TECNOLOGIA GALLERY MATERIALI FAQ CONTATTI PRODOTTI &

B EhEm W ki W IRV AT W iNEs I/ B AW D 0 WS i VWEesil W

it s e e s 7 o e o, e
V

STW-162-BRITISH-MUSEUM-SILVER-STATER-COIN-AEGINA-1.STL

40



Hypothesis of process — step 5

* Remote 3D print cost estimation

ma3d.it/it/preventivo.html 3 X

FAMA 3D & una divisione della Fantinelli Srl, da oltre 140 anni nella meccanica di precisione . +390331.642232 & supporto@fama3d.it W@ haliano~v

FAM A@ A PREVENTIVATORE TECNOLOGIA GALLERY MATERIALI FAQ CONTATTI  PRODOTTI ‘
Carica un altro file

Seleziona Quantita desiderata i
Mstetiale Nylon PA12 Classic v &
Grigio (grezzo) v e — Colore Verniciatur v @ Standard v 8 No, non richiedoils v & Prodotto in 14 giorr v @
Vapor Fuse si ve

Fissa orientamento di stampa (+15%)
Per Utenti Esperti

No v &

Totale 61,66 €

Prezzo pieno: 68;5F € (Sconto applicato: 10%)

COSTO UNITARIO: 61,66 €/PEZZO



Gracies

o ~N

Riccardo Magni




