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The third industrial
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* This new technology evolved from rapid revol“t_!j -
prototyping to a direct part manufacturing in the -
last years.

[t follows a direct digital manufacturing
philosophy, from CAD to production.

 The concept is to build a part by adding layers
upon layers in opposition to other subtractive or
formative technologies.
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Additive manufacturing is a core part of the Industry 4.0 technology
ecosystem which is set to interconnect and disrupt business
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Additive Manufacturing Additive Manufacturing Standards Structure
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* General concepts

a common effort to v o guimmes

Process [ Equipment

* Generally applicable

Feedstock Materials Finished Parts

develop
standardization in this
area.
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JMatenial | sheetLamination

Mechanical Test Mathods Category AM

NDE/NDT | Post-Processi
Methods Mithods g Standards
Blo-Compatibil ity Test Methads Specific to material
category or process
Chemical Test
EJTJ:MJE . category

Vat Photopolymerization

Powder Material
Bad Fution ExErudion

with Nylon with ABS
Powder Bed

Titanium Alloy

Titanium
Alloy Powders Stesl Rods

Alloy Powders

Mylon I ABS

Specialized AM
Mickel-Based Alley Standards

Specific to material,
process, of application

Aergspace AsTospace Medical

Automotive Automotive
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7 Families o

“ HYBRID

BINDER
JETTING

Steels
Cast irons
Al alloys

Metals

Cu alloys

Zn alloys I OWd e r
Tialloys PE, PP, PET,
Aluminas PC, PS, PEEK
Silicon carbides PA (nylons)
Ceramics Composites Polymers
Silicon nitrides Sandwionss Polyesters
Zirconias HybrldS Phenolics

Segmented structures
Lattices and

Epoxies

foams
Isoprene
So}:l_a glass Neoprene
Borosilicate glass Butyl rubber
Glasses Elastomers
Silica glass

Natural rubber
Silicones
EVA

Glass-ceramics
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Additive Manufacturing

+Z

* Orthotropic nature of
layered deposition

Front of machine
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Roadblocks

« “Lack of confidence in materials, processes and parts”
« “Redesign parts for 3D printing changes the game”

e “Quality control and quality assessment”

« “Post processing is complicated”

* “Nesting parts is important”

Jan-21 Additive Manufacturing Techniques
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Advantages

Complex parts for free

Mass customization

Integrated assembly

Reverse engineering for maintenance

Agility in product development

Jan-21 Additive Manufacturing Techniques
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Challenges and Opportunities

« AM technologies are established.

« Cost savings, time to market savings and weight savings are “normal”.
 Partredesign and part integration changes the game.

« Complexity is for free.

* Direct digital manufacturing with reduced manual intervention.

e Simulation is in the early stages (in composites).

« Still expensive (specially for universities).

* Post processing is a bottleneck.

« Highly specialized engineering.

* Improving the envelope of production (still small parts).

Jan-21 Additive Manufacturing Techniques
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In conclusion,

Additive manufacturing technologies will become conventional.

They will not substitute all other technologies.

How to integrate AM in organizations is a challenge for every organization.

One needs technical and economic models and highly specialized
engineering

Jan-21 Additive Manufacturing Techniques 10
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Introduction

« Additive Manufacturing (AM)
technology came about as a result
of developments in a variety of
different technology sectors

* As a matter of fact, additive
techniques appeared before
written history

— Placing a stone over another to build
something is and additive process

Jan-21 Additive Manufacturing Techniques 12
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Introduction

« Modern AM come into being as a
result of the availability of tools that
made the dream of physical
embodiment of idealized objects
possible

» This possibility, in turn, opened new
avenues for the idealization of new
objects (design)

 Initially conceived for prototyping,
Am is increasingly becoming an
end-product manufacturing
technology

Jan-21 Additive Manufacturing Techniques 13
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Setting up the stage

* Like many other technologies, AM came about as a result of the development
of computers as serviceable tools due to:

— Processing power
— Graphics capabillity
— Machine control
» Also, hardware was useless to AM until software also developed:
— CAD
— CAM
— Machine control
 Mostly, the need to obtain a prototype in a short time was the initial main driver

Jan-21 Additive Manufacturing Techniques 15
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Setting up the stage

e Lasers:

— high intensity and highly collimated beam of energy that can be moved
very quickly in a controlled manner

e Printing Technologies

— droplet deposition can now be used to print photocurable and molten resins
as well as binders for powder systems

 Programmable Logic Controllers

— Designing and building industrial machinery, like AM machines, is much
easier using building blocks based around modern PLCs for coordinating
and controlling the various steps in the machine process

Jan-21 Additive Manufacturing Techniques 16
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Setting up the stage

« Materials

— Materials have been tuned to suit more closely the
operating parameters of the different processes and to
provide better output parts

 The Use of Layers

— Almost every AM technology builds parts using layers of
material added together

Jan-21 Additive Manufacturing Techniques 17
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The 3 ages of AM

* The Infancy Stage: 1981 to 1999

 The Adolescence Stage: 1999 to 2010

 The Adult Stage: 2011 to the present day

Jan-21 Additive Manufacturing Techniques
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The conception

e 1974: David Edward Hugh Jones, in the UK and under the pen name of
Daedalus, laid out the concept in the Ariadne pages in New Scientist
magazine, a section that commented on the lighter side of science and
technology where plausible but impractical and humorous inventions were
presented.

« 1980-81: Kodama in Japan, invented two additive methods for fabricating

three-dimensional plastic models with photo-hardening thermoset polymer.
Patents refused due to failure to file the full patent requirements on time

 Murutani in Japan, Le Méhauté, de Witte & André, in France and Masters and
Hull, in the USA, filled patents, all in the same year, for variants of the
stereolithography concept

Jan-21 Additive Manufacturing Techniques
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The first machine

— Hull had its patent accepted in 1986 and
founded the 3D Systems company, the first to
commercialize AM apparatus. He also set the
STL (STereoLithography) file format, now
widely used in automated manufacture

Jan-21 Additive Manufacturing Techniques 20
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Further developments, new companies, new processes

« 1986 filled patents:

— Deckard & Beaman invented and developed SLS - Selective Laser Sintering
and founded DTM (1987-2001, merged with 3D Systems)

e 1989 patents:
— Crump patented the FDM process, forming the Stratasys Company

— Sachs et al, a group at MIT, patented the 3D Printing (3DP) process
developed it up to 1993 and licensed the technology to different
companies

e 1994:

— Sanders developed the ink-jet technology and Object Company used this
technique form in 2001

Jan-21 Additive Manufacturing Techniques 21
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Some past failures later succeeded... and some not

 Feygin patented LOM - Laminated Object Manufacture developed by Helisys
(1991 - 2000, failed)

— 5 companies are using it nowadays

« Pomerantz et al patented SGC - Solid Ground Curing developed by Cubital
(1991 - 2000, failed)

— No one uses it presently

 Masters patent for BPM - Ballistic Particle Manufacturing used a 5-axis
mechanism to direct wax droplets onto a substrate

— Although no company currently uses such an approach for polymers, similar
5-axis deposition schemes are being used for depositing metal and
composites

Jan-21 Additive Manufacturing Techniques
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The world of AM after the patents

* Explosion of material extrusion vendors and systems since the first FDM patents
expired in the early 2010s

e Patents in the stereolithography, laser sintering, and LOM areas are expiring (or
have already expired) and may lead to a proliferation of technologies,
processes, machines, and companies

Jan-21 Additive Manufacturing Techniques
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Forecasting AM: Rapid Prototyping Develops into Direct
Digital Manufacturing

A dream: to forget constrains about how to manufacture and focus on
functionality

« Customization: a product tailored for each customer

« Home manufacturing of final consumer products

Jan-21 Additive Manufacturing Techniques 24
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Introduction

* The key to how AM works is that
parts are made by adding material
— All currently available techniques add

material in layers
 In the future, this may cease to be true

— each layer is a thin cross-section of the
part derived from the original CAD
data

— each layer must have a finite thickness

— the resulting part will be an
approximation of the original data

Jan-21 Additive Manufacturing Techniques 27
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AM steps

e Step 1: CAD
o Step 2: Conversion to STL

o Step 3: Transfer to AM Machine
and STL File Manipulation

« Step 4: Machine Setup
» Step 5: Build

» Step 6: Removal

» Step 7: Post-processing
o Step 8: Application

1 CAD

2 STL convert

3 File transfer to machine
4 Machine setup

5 Build

6 Remove

7 Post-process

8 Application

Jan-21 Additive Manufacturing Techniques
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Build

e Building the part is mainly an
automated process and the
machine can largely carry on
without supervision

e But its success is very dependent on:
— The previous steps
— The material health

— The environment (temperature,
vibrations, etc.)

Jan-21 Additive Manufacturing Techniques 29
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Building processes: classification

* There are several ways to classify AM technologies, such as:

— Baseline technology
e Lasers
* Printer technology
» Extrusion technology
« etc.

— Type of raw material
 Liquid Polymer
» Discrete Particle Systems

* Molten Material Systems
» Solid Sheet Systems

Jan-21 Additive Manufacturing Techniques
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Joint ISO TC/261 - ASTM F 42 Group

* Vat photopolymerization
 Powder bed fusion

* Binder jetting

 Material jetting

 Sheet lamination
 Material extrusion
 Directed energy deposition
* Hybrid

Jan-21 Additive Manufacturing Techniques 32
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Vat photopolymerization

* Processes that utilize a liquid
photopolymer that is contained in
a vat and processed by selectively
delivering energy to cure specific
regions of a part cross-section.

Jan-21 Additive Manufacturing Techniques
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Powder bed fusion

* Processes that utilize a container
filed with powder that is processed
selectively using an energy source,
most commonly a scanning laser

or electron beam.

Jan-21

Additive Manufacturing Techniques

Alternative Names:
SLS™- Selective Laser Sintering; DMLS™ -

Direct Metal Laser Sintering; SLM ™ - Selective
Laser Melting: EBM ™ - Eleciron Beam Melting;
SHS™ - Selective Heat Sintering;

MJF ™ - hMulti-Jet Fusion

P A Y e Y A LT T T I PPy AP

Dazoription:

Powdered materials is selectively consolidated
by melting it togetier using a heat source
such as a laser or eleciron beam. The powder
surrounding the consolidated part acts
assupport material for overhanging featuras.

Strengths:
High lewvel of complexity
Powder acts as support material
Wide range of materials

(RS P Py PRy ) FrEAIFFARIFFIYIESFEY TS

Typioal Materialz
Plastics, Metal and Geramic Powders, and
Sand
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Binder jetting

* Processes where a binder is printed
iInto a powder bed in order to form

part Ccross-sections.

Jan-21
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Alternative Names:
JDP™- 3D Printing
ExOne

Vomeljet
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Dazoription:
Liguid bonding agents are selectively applied
onto thin layers of powdered material to build wp
parts kayer by layer. The binders include organic
and imonganic materials. Meial or ceramic
powdered parts are iypically fired in a furnace
after they are printed.
Strengths:

= Allows for full color printing

- High productivity

- Uses a wide range of materials

RN R P L e S T L Y PR YY)

Typioal Materials
Powdered Plastic, Metal, Geramics, Glass,
and Sand.
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Material jetting

* Ink-jet printing processes.

Jan-21
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MATERIAL
JETTING

v

Alternative Names:

Paolyjet™

SCP ™ - Smooth Curvatures Printing
MJIM - Multi-Jet Modeling

Projet™

B e e e B e el B R Rk R

Dezoription:

Droplets of material are deposited layer by layer
to make paris. Common varieties inclede jetting
a phoicurable resin and curing it with LW light,
a5 well as jetting thermally molten materials that
then solidify in ambient temperatures.

Strengths:
=  High lewel of accuracy
=  Allows for full color parts
=  Enables multiple materials in a single part

[ T e L F L PP PR P T P T

Typiaal Materials
Photopolymers, Polymers, Waxes
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Sheet lamination

* Processes that deposit a layer of
material at a time, where the
material is in sheet form.

Jan-21 Additive Manufacturing Techniques
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Material extrusion

* Processes that deposit a material
by extruding it through a nozzle,
typically while scanning the nozzle
In a pattern that produces a part
cross-section.

Jan-21 Additive Manufacturing Techniques

MATERIAL
EXTRUSION

Altarnative Names:
FFF - Fused Filament Fabrication
FDM ™ - Fused Deposition Modeling

[ (BT RIS R R PR PR R PR PR R P T Ry Y

Dezoription:

Material iz extruded throwgh a nozzle or orifice
in tracks or beads, which are then combined into
multi-fayer models. Common varieties include
heated thermoplastic extrusion (similar to a hot
glue gun) and syringe dizspensing.

LRSI IEEELIEN PIAN NI IR ISIN L IR I RN TS LY LY)
Strengths:
=  Inexpensive and economical
Allows for multiple colors
Can be used in an office environment
Partz have good siructural properties

NSNS FE N FF AN NI NS AN NI NI NS

Typioal Materialz
Thermoplastic Filaments and Pellets (FFF);
Liquids, and Slorries (Syringe Types)
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Directed energy deposition

* Processes that simultaneously
deposit a material (usually powder
or wire) and provide energy to
process that material through a
single deposition device.

Jan-21 Additive Manufacturing Techniques

Altarnative Names:

LMD - Laser Mefal Deposition

LENS™ - Laser Enginearad Net Shaping
DD ™- Direct Metal Deposition (DW3D)
LEWNS™ — Laser Engineered Met Shaping
DMD™ — Direct Metal Deposition DM3D,

LTI T I PR PR P R P PR R S T Y Y

Dezoription:

Powder or wire is fed into a melt pool which
has been generated on the surface of the part
where it adheres to tihe underlving part or layers
by using an enengy source such as a aser or
electron beam_ This is essentially a form of
automaied build-up welding.

LR LI IR PR BRIl IRt PN LNl L]

Strengths:
=  Hof limited by dirsction or axis
=  Effective for repairs and adding features
=  Multiple materialz in a single part
= Highest single-point deposition rates

(PR N Ly PR N P PR N RN AR R NP L] ]

Typioal Materialz
hdatal Wire and Powder, with Ceramics
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Hybrid

 Processes that include additive
and subtractive phases.

 Both additive and subtractive
phases occur in the same machine

o Usually requires 5 axis machines

Jan-21 Additive Manufacturing Techniques

HYBRID
e

Alternative Namez:
AMBIT™ - Created by Hybrid Manufacturing
Technologies

Dazoription:
Laser metal deposition (a form of DED) is
combined with GMCG machining, which allows
additive manufacturing and ‘subtractive’
machining o be performed in a single machine
%0 that paris can utilize the strengths of both
Processes.
Strengthsz:
=  Smooth surface finish AND High Productivii
= Geometrical and material freedoms of DED
= Automated in-process support removal,
fimizhing, and inspaction
Typioal Materialz
Meial Powder and Wire, with Ceramics

40
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Reverse engineering, 3D scanning and 3D printing
Reldgio Ribeiro
Marco Leite
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Reverse engineering

 Parts of this handout was retrieved from FORMLABS WHITE PAPER.

— https://formlabs.com/eu/blog/how-to-use-3d-scanning-and-3d-printing-for-reverse-engineering/

Jan-21 Additive Manufacturing Techniques
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How Does 3D Scanning Complement 3D Printing?

« A 3D scanner expands the capabilities of a 3D printer, allowing you to replicate
the shape of almost any object.

 Together, the two technologies create a powerful, digital workflow that can
simplify and sophisticate processes in a range of industries.

 The output from a 3D scanner is a mesh of triangles representing the surface of
an object at a real-world scale.

* In some cases, the scan can be used directly to replicate objects without any
CAD work.

Jan-21 Additive Manufacturing Techniques 43
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3D scanning for ergonomics and prosthetics

* A hybrid workflow can also be powerful, where solid CAD models are
combined with scanned models.

 Customized ergonomics capture a physical imprint of a part of the human
body, and integrate them with a mechanical design.

Jan-21 Additive Manufacturing Techniques
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3D scanning for metrology

« 3D scanners are also valuable tools for measuring the accuracy of
manufactured objects.

 Many factors affect 3D print accuracy, and metrology-grade 3D scanners

provide a clear picture of how a material performs for demanding
applications.

Jan-21 Additive Manufacturing Techniques
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What scanner to select

Jan-21

PRICE ($)

50,000

20,000

10,000

5000

2000

1000

500

200

® Creaform HANDYSCAN 3D

® 3D DIGITAL CORP OPTIX 5005

® COMET L3P

® 3ShaneBl g bontalwings

® Arctec Space W Arctec Leo
Spidar | |

Arctec
@ EVA lite

® HP 3D Structured Light
Scanner Pro S3

e =

® NextEngine
# Einscan-SP | Ultra HD

@ Einscan-SE

g 9 2 3 4
o0

ACCURACY (mm)

5 6 7 8 9 2 3 1 5 & 7 8 9 2 3 4 5
o1 i
Small object Handheld High accuracy B Entry level Handheld IR
metrology scanners metrology scanners desktop scanners B0 desktop scanners depth-sensing scanners
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Examples of high end and low cost systems

« Handyscan 3D EinScan Pro DIY

Jan-21 Additive Manufacturing Techniques 47
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Combination with your 3D printer

 With accuracy in the range of 0.1 mm or better, laser and structured light
scanners are a good fit alongside high resolution 3D printers.

 You do not need the best, unless your printer is also the best.

Jan-21 Additive Manufacturing Techniques
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Combination with your 3D printer

« Both structured light and laser scanners use projected light and an offset
camera to triangulate points on a scan object.

» A laser scanner projects laser lines on the object, while structured light projects
a focused grid from a digital projector.

« Structured light can achieve higher accuracy than laser scanning due to the
noise caused by laser speckle patterns.

Jan-21 Additive Manufacturing Techniques
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About resolution

* Besides the accuracy between measured points and their actual location,
scanners also vary in terms of resolution, which is the distance between
captured points at a given scan distance.

* In general, structured light scanning provides the best resolution and accuracy,
typically slightly higher than laser scanning.

» For some artistic use cases for 3D scanning you may need a lot of detall, while
overall accuracy is less important—especially if you don’t require your part to fit
precisely with other parts in an assembly.

* |In these cases photogrammetry is an excellent low-cost option to explore.

Jan-21 Additive Manufacturing Techniques 50
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Photogrammetry

 Photogrammetry uses a large set of photographs that are automatically
analysed to create a 3D model. Under ideal conditions, object detail captured
by photogrammetry can rival a laser scanner.

 Overall, geometric accuracy is usually worse due to the lack of fixed reference
points for the camera’s position.

* Nonetheless, photogrammetry does not require any equipment besides a
digital camera and software, which makes it an attractive option.

Jan-21 Additive Manufacturing Techniques 51
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Reverse engineering and 3D printing

 Reverse engineering is a method of reconstructing a design from an existing
object, so that the design can be modified or adapted. In practice, this means
measuring an object (usually with a 3D scanner) and converting the 3D scan
iInto a solid format that is compatible with CAD modeling tools.

« For 3D printing, reverse engineering is a method to increase confidence in your
design and can be an intermediate step when creating custom organic
shapes.

Jan-21 Additive Manufacturing Techniques 52
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Reverse engineering and 3D printing

 Workflow

Jan-21

Additive Manufacturing Techniques

Scan the object with a high
accuracy scanner (0.1 mm)

\

Use reverse engineering tools to
redraw and resurface mesh in CAD

J

Incorporate new functional or
design elements

N

3D print initial prototype with a
high accuracy SLA printer

J

Test fit via physical assembly with
original components

b
Make adjustments to correct fit
\

Create a secondary prototype or
move to manufacturing
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Reverse engineering and 3D printing for ergonomics

Formiais W

Clay Impression 3D Scan Convert to solid Edit solid model 3D Print

Jan-21 Additive Manufacturing Techniques 54
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New equipment for AM

* Impressora 3D para fabrico de pecas de grandes dimensdes em metal., Joao
Miguel Henrigues Silva

Jan-21 Additive Manufacturing Techniques 56
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New equipment for AM

* Impressora 3D para fabrico de pecas de grandes dimensdes em metal, Diogo
Pereira de Brito Libano Monteiro

Jan-21 Additive Manufacturing Techniques
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New equipment for AM

« Concepcao e desenvolvimento de um sistema de alimentacao para
maquinas FDM, Miguel de Abreu Paramos de Carvalho

Jan-21 Additive Manufacturing Techniques
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New equipment for AM

« Concepcao, desenvolvimento e projecto de um sistema modular de fabrico
aditivo, Joao Francisco de Aragao Barros e Alvim Boto

 Design and development of a modular fused deposition modelling apparatus,
Manuel de Figueiredo Cravo Relvas Sardinha

Jan-21 Additive Manufacturing Techniques 59
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New equipment for AM

e Tool-path Generation for a
Multiple Independent Print
Head System for Fused
Deposition Modeling, Nuno
André Mateus de Marques
Frutuoso

Jan-21
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New equipment for AM

» Reciclador de polimeros utilizados em impressoras 3D, Diogo Miguel Valeriano
de Oliveira

—

Jan-21 Additive Manufacturing Techniques
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New equipment for AM

« 3D printing system for ceramic materials: design and testing of an experimental
rg., Armand Yahnn Fabrice Chefdor
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New applications for AM

 Actuador Pneumatico para Manipulacao Humana por Fabrico Aditivo , Miguel
Oliveira Meirinho Lopes Nabais

~~
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New applications for AM

« Smart structure design using additive manufacturing to emulate a functionally
graded material, Diogo Rui Alves da Costa Vasconcelos Nascimento

—Hover
—Forward Flight
— Construction

- -
-
—
-
- -
-
-
-_
-
-
- -

i 0 5 10 15 20 25 30 5 40 45 50
Blade Element
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Prototyping new products

 Desenvolvimento de sistema de secagem automatico para esfregonas - Fapil
, Diogo Lopes Viana Nunes

» Desenvolvimento de uma mochila multifuncional, Manuel S& Teixeira de Freitas
Bastos
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AM in Maintenance, repair and overhaul

« Aplicacao de técnicas de fabrico aditivo em componentes de substituicao -
Caso de estudo Navigator , Catarina Alexandra da Costa Moico

Jan-21 Additive Manufacturing Techniques

66



TECNICO
w LISBOA

AM for biomedical applications

 Design and
Development of an
Upper Limb
Prosthesis (inglés),
Vanessa Mariana
Alves Carvalho
Lopes

67
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AM for biomedical applications

Figure 1 - Fabrication process for fitting a transfemoral prosthesis: a)
‘negative mold b) positive mold. ¢) testing model. d) final part. Pictures taken
at a rehabilitation hospital.

Fionre 4 — Rioht forearm X-Rav of the natient
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AM for biomedical applications

Figure & — Final print FilaFlex™ ] = R
Figure 9 — A, B and C: Patient with the PLA cosmetic prosthesis in
different activities.D: Patiernt with the NinjaFlex cosmetic prosthesis.

Figure 6 - Geometry alignment procedures: A: Photography
importation. B: Voronoi and stump geometries alignment. C: Hand
alignment.
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AM for biomedical applications

 Desenvolvimento de uma Protese Funcional para o Membro Superior,
Francisco Correia Botelho Dias Pinheiro
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AM for biomedical applications

 Desenvolvimento de novos “’
produtos para Medicina
de Reabilitacao com
Recurso a Fabricacao
Aditiva: Design
Customizado de uma
Ortotese de
Posicionamento de joelho,
Sara Prata Bagulho Santos

Scanner
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AM for biomedical anolications
TN
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AM for biomedical applications

MNeeds

Specifications

Development
time

Protatypes

Improvements

Jan-21

Stops banding
Easy to place and remove

Less weight
Fresher

Thickness reduced
Voronoi mesh
Easy to open

More Comfort
Less weight

Less number of parts
Easy to place

Better for valgus
deviation

Improved opening
Reduced amplitude of
movement

More Comfort
Easy to place
Less weight

Less pressure zone
Reduced thickness
Less volume

o)

Reduce weight
Lateral part
improvement
Prevent bending

By

Comfort
Volume
Weight

Bending prevention
Valgus deviation
prevention
Stability
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Easy to place
Comfort

Reduce pressure zones
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Concept 3D Printed concepts Concept testing
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LISBOA la) Not tested.

AM for biomedical applicatior
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3D scanning

Acquiring the image of the anatomical member

TECNICO -
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AM for biomedical applications

3D modelling

Design of the orthosis

3D printing
Fabrication of the orthosis

Concept testing
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AM for biomedical applications

-

e |Inés Ferreira

Figure 5-1: Child's posture during 30 scan proce

THW e | 1 == - =
S . s
Figure 5-4: Measures taken on the CRF8 child foot.
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Tese Mestrado — Paulo Brandao - IST MEC

* Reverse engineering
* Prof. Augusto Moita de Deus.
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Tese Mestrado — Gabriel Sartori Fernandes — Fac. Veterinaria

— Horse gait correction
— Prof. Fatima Vaz, Prof. Marco Leite, Eng. Vet. Nuno
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Reading CAT scans and 3D printing

 Prof. Marco Leite
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AM material properties

 Design and development of cellular structures for additive manufacturing, Biranchi
Narayan Panda

» Efeito de produtos protectores nas propriedades mecanicas e de absorcao de
agua em pecas fabricadas por fused deposition modelling (FDM)/ additive
manufacturing, Miguel Angelo Pinheiro Miguel

* Estudo da Influéncia de Parametros de Impressao 3D nas Propriedades Mecanicas
do PLA, Joao Francisco Miranda Fernandes

* Influéncia dos parametros de fabrico nas propriedades mecanicas de pecas
obtidas por impressao 3D com um unico material, Tomas Sousa Martins

« Caracterizagcao e avaliagao dos parametros de fabrico nas propriedades )
mecanicas de um material compaosito obtido por impressao 3D, Pedro Miguel Rijo
Diogo

« Comportamento Eléctrico de um Polimero Condutor sob Tensao, Rita Maria
Figueiredo
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Additional internet references

e https://3dinsider.com/3d-printing-history/

e https://wohlersassociates.com/MarO1TCT.htm

e ... and, of course, https://en.wikipedia.org/wiki/3D printing#History
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What to expect from IST students

* To take advantage of this and other technologies to provide solutions that
solve problems that are important for society.
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