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Aim and Learning Outcomes

Module Aim: To equip students with basic understanding of
3D Printing

Number of Hours: 4 hours

Learning outcomes: * Knowledge on 3D Printing approach and
basic terminology

e Understanding the advantages and
limitations of 3D Printing for different
applications

* Knowledge on the process steps for
obtaining an object using 3D Printing
technology
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Lecture Outline

* Additive Manufacturing approach

* 3D Printing advantages and limitations
* History of 3D Printing

* 3D Printing technology steps

* 3D Printing applications fields
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Additive Manufacturing
approach
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Additive Manufacturing approach

3D Printing or additive manufacturing is
a process of making three dimensional \
solid objects adding material layer b\é 'y N
layer. Physical objects are produced by »
using digital model data from 3D model < Bl
or other data source, like AMF* file. v

By using 3D Printing it is possible to N
produce objects of almost any shape
and form. '\

Curently many different 3D printing
technologies and materials are used.
Recently 3D printing tools are available
for industrial manutacturing and for
home users as well.

Source: www.smartfactory.It

*AMF — Additive Manufacturing File
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Additive Manufacturing approach

What is 3D
Printing and
How Does It
Work?
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3D Printing advantages
and limitations
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3DP advantages

Complexity and freedom of design

« 3D printing lets create complex
shapes and parts — many of which
cannot be produced by
conventional manufacturing
methods.

« Complex geometries can be
created easily and it allows a large
amount of design freedom.

e By using 3D Printing complex
models can be produced as a
single piece on the spot,
therefore there is no need to

3D printed lamp
prOd uce sma ”er pa rtS d nd Source: http://mymodernmet.com/bathsheba-grossman-3d-printed-lamps/
assemble them.
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3DP advantages

Customization and personalization

e 3D printing allows for easy
customization. Each and every
item can be customized without
additional manufacturing costs.

 If there is a need to change a
design of particular item, the
digital design has to be changed
only  with no  expensive
manufacturing process or
a d d |t | ona | t 00 | | N g . OwnPhones - customized earphones

Source: https://www.kickstarter.com/projects/ownphones/ownphones-
the-worlds-first-custom-fit-3d-printed-e
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3DP advantages

No need for tools

* One of the advantages of 3D printing compared to
traditional manufacturing is that the 3D printing
process generally doesn’t require any special new
tooling to produce model or it’s parts.

* No additional costs or lead times are required
between making an object complex or simple.
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3DP advantages

Speed and costs savings

* One of the main advantages of 3D Printing is the
speed of production comparing to traditional
manufacturing methods. Complex models can be
printed in a relatively short time.

 Lowering costs is also achieved by saving time. For
example objects or their parts could be produced
much quicker and as they are needed, therefore the
costs of inventory storage and labor time could be
reduced.
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3DP advantages

Faster and less risky route to market

* As models or their parts can be produced in a short
time, 3D Printing is used for rapid verification and
development of design ideas. It is cheaper to
produce a 3D prototype, then to redesign an existing,
if there is a need.

 Therefore, 3D printing is good choice for those, who
are looking into manufacturing a product idea,
because there is much less risky route to the market.

* 3D Printing can also reduce risk of danger associated
with some manual prototyping processes.

Co-funded by the
Erasmus+ Programme
of the European Union

2016-1-RO01-KA202-024578



3DP advantages

Less waste, sustainable, environmentally friendly

3D printing is an additive process - an object is
created from the raw material layer by layer. Additive
manufacturing methods generally only use the
amount of material needed to create that particular
object.

 Most processes use materials that can be recycled or
can be reused for more than one build resulting in
additive manufacturing process producing very little
waste.
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3DP limitations

e Higher cost for large production runs
* The price of printers and raw materials are still expensive but
in near future these expenses tend to decrease
* Less material choices, colours, finishes
* There are still some limitations compared to conventional
product materials, colors and finishes
* Limited strength and endurance

* Not all printing technologies can ensure strength of produced
objects, and the strength is not uniform due the layer-by-layer
fabrication process

* Accuracy of printed objects

* |Ifthereis a need to print precise parts or finer details — it is still
difficult to ensure the high precision capabilities of certain
manufacturing processes

* Majority of 3D printers are limited by scale and size
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3D Printing challenges

Despite limitations that
we have today, 3D
Printing technologies are
developing very fast and
expenses of 3D Printing
tend to reduce, therefore
use of this technology
becomes more and more
widespread.
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Short history of 3D
Printing
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Short history of 3D Printing

In 1983 Chuck Hull, co-founder of
3D systems, invented the first 3D
printing process and called it
‘stereolithography’ (SLA).

In a patent, he defined
stereolithography as ‘a method
and apparatus for making solid
objects by successively “printing”
thin layers of the ultraviolet
curable material one on top of
the other’.

With this, he built the foundation

Of Wh at We tOd ay kn OW a S The SLA-1, the first commercially available 3D printer
additive manufacturing (AM) _ Or Source: https://www.3dsystems.com

3D printing.
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Short history of 3D Printing

The first Selective

Laser Sintering (SLS) ‘ReVOlution

printer was Machine makes 3-D objects from drawings
developed and | 2 .

patented by Dr. Carl
Deckard and Dr. Joe
Beaman at the
University of Texas
in 1986.

—

Staf! photo by Ralph Barrers
Associate Professor Joe Beaman shows some three-dimensional plastic modeis

made by the ‘selective laser centering’ device developed by Carl Deckard, left.

American Newspaper, 1987
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The first 3D printed part

Source: https://www.3dsystems.com/
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Short history of 3DP

In 1989, S. Scott Crump with his wife and Stratasys co-founder
Lisa Crump invented and filed a patented ‘Fused Deposition
Modeling’ technology (FDM).

FDM is trademarked by Stratasys - as such, many industry
professionals choose to use FFF (Fused Filament Fabrication)

instead.
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Short history of 3DP

By 2005, additive technology
patents were starting to
expire.

In 2004 RepRap project was
launched at the University of
Bath (England) by a senior
lecturer in mechanical
engineering dr. Adrian Bowyer.
The project aim was to create
a low-cost 3D printer Capab|e Source: https://all3dp.com/history-of-the-reprap-project/
of replicating itself.

On 9 February 2008, RepRap
1.0 "Darwin" successfully 3D
printed over 18% of its own
components.
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Short history of 3DP

Advent of compact, open source,
free-software printers like the
RepRap helped to bring the
technology to a wide group of
users and allowed for small-scale
commercial, educational, and
domestic use, and low-cost 3D
printing companies started to
emerge.

The firSt deSktOp 3D prlnter was Source: www.reprap.org
born through the RepRap
project.
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Short history of 3DP

3D printing was mostly limited to industrial uses until 2009.
3D printer sales have been growing ever since.

It is expected many more innovations in the years to come.
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Short history of 3DP

Carbon3D,
one of the
fastest 3D
printing
technologies
currently
under
development

https://www.youtube.com/watch?v=UpH1zhUQYOc
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Short history of 3DP

Chuck Hull / 3D
Printing
Inventor
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3D Printing technology
steps
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3DP technology steps

1. CAD

The first step in the additive manufacturing process is
producing a digital model. For this purpose Computer Aided
Design (CAD) modeling is used.

There are many CAD programs that use different modeling
principles, capabilities and pricing policy. For example
Solidworks, Autodesk Fusion 360, SketchUp could be used.

Reverse engineering can also be used to generate a digital
model via 3D scanning.
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3DP technology steps

2. Model in STL format

In this step of additive manufacturing (AM) process a CAD
model is converted into a STL (stereolithography) file that is
acceptable by AM Machines.

It is also possible to select a STL model from online repositories
like Pinshape, GrabCAD etc. Some of these repositories offer
models for free, some are charged.
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3DP technology steps

3. STL model analysis and repair

In this step it is required to repair any errors within the STL file.
Typical errors could be like missing triangles, non connected edges
or inverted normals where the “wrong side” of a triangle facet is
identified as the interior of the part.

There are software for STL model manipulations, for example
Meshlab, 3DPrintCloud, Netfabb etc.

If there are no errors, then some object corrections like sizing,
density, geometry changes could be made.

A proper orientation of the 3D model also could be set up.

Once a STL file has been generated it is imported into a slicer
program which converts it into G-code. G-code is a numerical
control (NC) programming language, used in computer-aided
manufacturing (CAM) to control automated machine tools like 3D
printers.

2016-1-RO01-KA202-024578
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3DP technology steps

4. Setting up device

In this step device should be prepared for printing. This process
requires proper printer setup and control, cleaning from
previous build and loading print material. A routine check of all
critical build settings and process controls is also necessary.

When hardware is ready, build file could be uploaded to the
machine.
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3DP technology steps

5. Printing

The whole printing procedure is mainly automatic. Depending
on the size of a thing, machine and materials employed, the
procedure might take several hours or even days. There is a
need to check occasionally if there are no errors.
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3DP technology steps

6. Removal of prints

In most cases of non industrial 3D Printing removal of the
finished print is a simple task: separating the printed part from
the print bed.
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3DP technology steps

7. Post processing

Post processing may vary greatly depending on printing
technology and materials used. For example a print made with
SLA must be cured under UV, while print made with FDM can
be handled right away.

Post processing the final product may include high pressure air
cleaning, polishing, colouring and other actions to prepare for
final use.
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3D Printing application
fields
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Automotive industry

3D printing in the
automotive industry is
used to both prototypes
and finished parts.

Many Formula 1 racing
teams have been using
3D printing for
prototyping, testing and
ultimately, creating
custom car parts that
are used in competitive _

races. Source: s woxelet.com

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




Automotive industry

This Michelin concept tire
doesn‘t need air because it is
3D printed and would never
need replacing.

Rebuildable car tire
Source: https://futurism.com/videos/meet-the-tire-that-never-needs-air-or-be-

replaced/
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Medical industry

One of the most important
applications of 3D printing
is in the medical industry.

With 3D printing, surgeons
can produce patient-
specific 3D printed models
of patients' body parts or
organs. They can use these
models to plan and practice
surgeries, potentially saving
lives.

2016-1-RO01-KA202-024578

The first 3D printed polymer implant to receive FDA approval
Source: http://3dprintingindustry.com/news/the-first-3d-printed-polymer-implant-to-

receive-fda-approval-5821/
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Prosthesis

3d printed body part
Source: http://weburbanist.com/2015/01/08/exo-prosthetics-light-cheap-custom-3d-printed-body-parts/
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Prosthesis

3D-Printed Prosthesis
Source: http://weburbanist.com/2013/07/18/handicapable-3d-printed-flexible-casts-artificial-limbs/
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Prosthesis

Designing
Confidence

The innovative
work of Scott
Summit
demonstrates
how 3D Printing
and digital
scanning can be
used to greatly
improve
Prosthetic
design.
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Dental industry

3D printing for dental industry
Source: x3dprinting
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Aircraft

GE Aviation and Safran
have developed a method
to 3D print fuel nozzles
for jet engines. The
technology allows
engineers to replace
complex assemblies with
a single part that is lighter
than previous designs,
saves weight and boosts a
jet engine’s fuel efficienCy  etengines with 3o-printed parts Power Next-Gen Aitbus Passenger et

Source: http://www.gereports.com/post/119370423770/jet-engines-with-3d-printed-parts-

by up tO 15%. power-next-gen/
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Aerospace

Elon Musk’s commercial space
company SpaceX used 3D
printing to manufacture the
engine chambers for their
SuperDraco engine that will be
installed on the company’s
Dragon spacecraft.

Read more

A 3-D printed SuperDraco combustion chamber.

Photo Credit: SpaceX
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Entertainment

Instead of blowing up a priceless |
classic car SkyFall movie makers |
3d printed one-third scale replica|
of Aston Martin DB5s from
scratch and then in a destructive
special effects scene blew it up.
Read more.

Finished model of the Aston Martins © Propshop Modelmakers Ltd
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Art/Design/Sculpture

Artists and designers use 3D
Printing technology by creating
various art works. It opens up
entirely new dimensions in
creative design that go beyond
the limits of conventional
technologies.

Designer lamps from 3D printers
Source: https://www.voxeljet.com/industries/foundries/printed-designer-lamps/
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Art/Design/Sculpture

Designer chair
Source: https://www.voxeljet.com/industries/foundries/designer-furniture/
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Art/Design/Sculpture

Ivan the Gorilla sculptor utilizes new 3-D printing technology
Source: https://www.voxeljet.com/industries/foundries/3d-printing-helps-to-return-a-silverback-gorilla-back-to-life/
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Architecture

—\

3D printing is widely used in
architecture field. Architects can
quickly and easily create 3D
printed scale model from their
CAD data that is used for
developing blueprints. 3D
printed models can be printed in
multiple materials and realistic
colors.

== : 4:-‘:-.:::

Source: https://www.frendel.com/gallery-image/project-absolute-world/
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Architecture

The beautiful
Absolute
Towers in
Ontario,
Canada are
the creation
of architect
Attila Burka

YO u ! https://www.youtube.com/watch?v=il5H-90KBVo
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3 D Printing may open up the art of
creating jewelry to a wider rage of
hobbyists as it does not require
expensive precision tools, steady
hand and many years of
experience.
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Source: CustomMade
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Fashion

Although not
necessary
economical 3D
Printing can be used
in fashion field — for
making high heels,
bikinis and handbags
can be 3-D printed
instead of sewn.

Source: Shapeways
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Fashion

World's first
3D printed
bikini heads
for the beach

https://www.youtube.com/watch?v=d2iT8SOm3m4
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Food

World's first
chocolate 3D
printer

YO u : https://www.youtube.com/watch?v=BIFi8but3Vw
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Education

3D printing provides an
excellent method for
geometry visualizations
and design initiatives at
art schools. It is also used
in numerous disciplines
of study for research
purposes.

3D Printer Frog Dissection Kit.
Source: MakerBot Thingiverse
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Other fields

Examples how 3D
Printing could be
used for everyone

2016-1-RO01-KA202-024578

LEARNING

3D printing visual aides
to supplement learning.
3D printing-centric course
curriculum. Creation of
after-school fab-labs.

$0

PARENTING
Toys for children. A way
for parents to engage with
children in a maker-spirited

HOME COOKING

Custom cookie cutters, 5
ice cube molds, and other maxers use

How everyday

household kitchen items. e environment.
In the future, consumers will 3D prlntln g
be able to 3D print food at
home.
ﬁ"
HOBBIES HOME REPAIRS

Replacement parts for appliances

and other objects around the house,
for example outlet covers, pieces for
washer / dryer, doorstops, wall hooks.

3D printing their own custom pieces !
for drone kits and various remote k

controlled vehicles & gadgets.

MEMORY KEEPSAKES

3D scanning and printing
miniature self, family portraits,
wedding cake toppers.

Infographics by Jeff Hansen, HoneyPoint3D™
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Useful Topic Related

https://en.wikipedia.org/wiki/3D printing

| https://www.youtube.com/watch?v=Vx0Z6Lpl
N aMU

Tube
You- https://youtu.be/Tyc4Apyk2Rc
https://www.ted.com/talks/avi reichental wh

- at s next in 3d printing
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Available 3D Printing
Technologies
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Aim and Learning Outcomes

Module Aim: To equip students with basic knowledge on the
main 3D Printing processes, their advantages
and limitations, basic understanding on
materials issues in 3D Printing and with basic
knowledge on STL file format

Number of Hours: 3hrs

Learning outcomes: * Acquiring knowledge on the main 3D
Printing processes together with their
advantages and limitations

* Understanding the basics of materials issues
in 3D Printing

* Acquiring knowledge on the STL file format

2016-1-RO01-KA202-024578
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Lecture Outline

* Types of 3D Printing processes:
* basic principle

* main characteristics

* materials

e advantages and limitations
e examples

e STL file format
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Lecture Focus

Lecture focus (2nd part) Lecture focus (1% part)

3D CAD STL file
Modelling

Type of 3D Printing process
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Types of 3D Printing
Processes
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Types of 3D Printing processes

Can be classified according to the state of the raw material which
is utilised

Two types of processes are considered, as these are the most
commonly used:

Lesson focus ‘ ‘
r-=-=-=-=-=-"=-"=-"=-"=-"="-"="="="="="="=/=""="-"=-"=== |

Fused Deposition Stereo Lithography | Selective Laser Other....
Modelling (FDM) (SL) . Sintering (SLS)

|

: E.g. Laminated Object
Raw material state: ~ Raw material: ' Raw material: Manufacturing (LOM):
Polymer filament P‘hO'F(C;SSﬂS'ItIVE : Powder (including Raw material:

Liquid Resin ,  polymer, ceramic, P
aper
: metal)

2016-1-RO01-KA202-024578
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Fused Deposition Modelling (FDM)

Basic Principle:

1. A filament of polymer is extruded
from a nozzle where it is heated
above its melting point and
deposited on the table surface

2. When this layer solidifies, the
nozzle is coordinated according to |
the part geometry at that level

3. The polymer is again extruded
and when it contacts the previous
surface, it solidifies to form the
second layer

4. The procedure is repeated until
the part is finished Zortrax FDM Printer

zorfrax
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FDM Principle

Click on the
video on the
right to
understand
how FDM
works

You [T}

2016-1-RO01-KA202-024578

https://www.youtube.com/watch?v=WHO6G67GJbM
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FDM — Main Characteristics

1. Layer thickness range (mm): 0.127 to
0.33 (depending on material) zortrax

2. Part build envelope (mm): 600 x 500 x
600 max.

3. Tolerance: £ 0.254mm

4. Built part: fully functional, however,
weak in the z-direction

N.B.: The above are only indicative
characteristics as these vary from one
FDM 3D Printer make and model. This

applies for other 3DP technologies. Building envelope of the
Zortrax FDM Printer

2016-1-RO01-KA202-024578
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FDM — Materials

 Typically FDM requires two types of Build material constituting the

material: desired geometry

1. Build material which constitute
the desired 3D form geometry

2. Support material which is
required for
overhangs/undercuts. The
support structures are
automatically generated by the
software program supporting the
FDM 3D printer.

Support material required for
the internal thread
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FDM — Materials

Support material can either be manually
broken away or removed automatically by
inserting the 3D physical model into a

water-based solution

Example of an FDM part inserted
into a water-based solution to
remove support material
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FDM — Materials

 Examples of commonly used build
material in FDM:

1. ABS - used for functional
prototypes with good mechanical
strength & chemical resistance.
Available in different colours

2. PC-used for functional prototypes =
with a very high impact resistance
and a thermal deflection at 1252C

Example of an ABS cartridge used
to build parts in an FDM printer

2016-1-RO01-KA202-024578 e Co-funded by the

Erasmus+ Programme
of the European Union




FDM — Advantages & Limitations

 Advantages

1. no use any toxic material, can be
used in an office

2. simple post-processing is required

3. some FDM 3D printers are very
cheap and hence very accessible

e Limitations

1. part accuracy is dictated by the
filament thickness

2. parts are weak in the vertical
direction

Reprap FDM Printer

Co-funded by the
Erasmus+ Programme
of the European Union
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FDM — Examples of 3D Printed Parts

 Exemplar physical replicas of
medical models

(Source: University Politehnica of Bucharest)
 Model of the regions in Lithuania

* Prototype of a
shipyard crane

(Source: Northern Lithuania College)

2016-1-RO01-KA202-024578
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Stereolithography(SL)

Basic Principle:

1. The platform is initially :
positioned near the surface of a .
photosensitive liquid polymer |

2. A directed laser beam solidifies
the polymer

3. When the initial layer is
completed, the platform is
lowered and a second layer is
formed

4. The procedure is repeated until
the part is finished

Formlab2 SL Printer
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SL Principle

Click on the
video on the
right to
understand
how SL works

You [T}

2016-1-RO01-KA202-024578

https://www.youtube.com/watch?v=NM55ct5Kwil
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SL — Main Characteristics

. Layer thickness range (mm): 0.016 —* |
0.127 |

2. Part build envelope (mm): 2100 x
700 x 800 max.

3. Tolerance: £ 0.15mm

4. Built part: fine details, very good
accuracy and surface finishes

Build envelope of the

Formlab2 SL Printer
2016-1-RO01-KA202-024578 e Co-funded by the
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SL — Materials

Build material constituting the
* In the case of SL, the support desired geometry

structures required for
overhangs/undercuts is made up
from the same material used for
building the prototype.

e Support structures are removed
manually

e SL parts are typically post cured in
an UV oven

Support structure
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SL — Materials

Build material used in SL is mostly a
ohotosensitive resin, meaning that is
cures when exposed to UV radiation

Mechanical properties of part depends
mainly on material type and post-curing
time

There are different trade names of

resins used by specific SL printers (e.g.

Accura 25 utilised by 3D Systems SL

printers) Example of tough photopolymer
resin cartridge from Formlabs
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SL — Advantages & Limitations

 Advantages

1. SL produces accurate parts with high
surface finish

2. wide spectrum of photopolymer
materials is available with different
characteristics

e Limitations

1. material must be photosensitive
and is more expensive compared
to that used in FDM

_ Parts produced by the
2. build process can be slow Photocentric SL Printer
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SL—Examples of 3D Printed Parts

Prosthesis hand and company logo
produced by Formlab2 SL printer
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Lecture Outline

* Lecture organisation

Lecture focus (2nd part) Lecture focus (1% part)

3D CAD STL file
Modelling

Type of 3D Printing process
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STL File Format
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STL File Format

e STLis the de facto neutral format for
interfacing CAD and 3DP systems

» Stands for Standard Tessellation
Language

e STL files are generated through
tessellation of accurate CAD models

e Surfaces of 3D solid models are
approximated with triangular facets

 There are two types of STL file formats
— ASCII and binary. With the latter
format, STL files are smaller in size

2016-1-RO01-KA202-024578
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STL File Format

e Each triangle is defined independently
by its 3 vertices and a unit normal

Xy, Yy, Z, X3, Ys, Zs

2016-1-RO01-KA202-024578
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STL File Format

* Two important requirements
during STL file generation:
1. ordering of vertex labelling /\-
2. observance of vertex-to- ‘\'/‘/

vertex rule

N\ /¢ x

Ext. surface Int. surface

2016-1-RO01-KA202-024578
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STL File Format

 Avirtual 3D model can be converted to STL file format in a CAD
system

K, Save As X

& Autodesk A360
T Libraries
@ Content Center Files

Savem 3D-P v|e 5 e i g

N

Lesson?_ OldVersions Quiz_lmages_L1

Filz name: Vase w

Save astype: |STL Files (*stl) >

AutoCAD DWG Files *.dwag)
CATIAVE Part Files (" CATPart)
— - -|IGES Files {"igs;”ige;"iges)

@ [ Pre{JT Files 1t fisil
"""" B | Parasolid Binary Files {*x_b)

P lid Text Files ("x_t)
Pro/ENGINEER Granite Files {*g)
Pra/ENGINEER Meutral Files ("neu®)
SAT Files (* sat)

SMT Fileg {"smt)

STEP Files (*stp;” ste " step.” stpz

| Cancel ]
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STL File Format

* The tessellated 3D model in STL can be viewed in a free STL file
viewer software package (e.g. Open3D Model Viewer)

Original 3D CAD model Tessellated 3D model in Open3D
Model Viewer
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STL File Format

* Such a software allows user to zoom in/out of the tessellated
3D model, view normal at each face etc.

Normal at each
triangulated face
displayed in Open3D
Model Viewer

2016-1-RO01-KA202-024578
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Useful Topic Related Links

What is tessellation?

Fused Deposition Modelling

Stereolithography

You Preparing STL files for 3D Printing
You Il Exporting STL files in Fusion 360
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3D Printing equipment
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Aim and Learning Outcomes

Module Aim: To equip students with basic understanding of
difference between industrial 3D printer,
desktop 3D printer and home/hobbyist 3D
printers, basic understanding of the main
components of a FDM 3D printer

Number of Hours: 2hrs

Learning outcomes: * Understanding difference between industrial
3D printer, desktop 3D printer and
home/hobbyist 3D printers

* Understanding the main components of a
FDM 3D printer

2016-1-RO01-KA202-024578
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Lecture Outline

* RepRap project

* Fused Deposition Modelling/Fused Filament
Fabrication process

 FDM/FFF equipment

Co-funded by the
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RepRap Project
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RepRap project

RepRap (Replicating Rapid-prototype) is the self-
replicating 3D printer.

At the University of Bath (England) the RepRap
project was started with the aim to develop a
low-cost 3D printer with capability to replicate
itself.

RepRap uses an additive manufacturing
technique called Fused Filament Fabrication (FFF)
to lay down material in layers: a plastic filament
is unwound from a coil, melted and fused to
manufacture a part.

Through the RepRap project’s mission to build a
self-replicating machine, the first desktop 3D
printer was born.

RepRap version 1.0 (Darwin)

Rea d more at www.re prap.org Source: https://all3dp.com/history-of-the-reprap-project/
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RepRap project

Currently hundreds of collaborators from entire world
contribute to RepRap project. As RepRap is an open design, all
of the intellectual property produced by the project is
released under a free software license, the GNU General
Public License.

 How to build a reprap 3D printer - RepRapOneDarwin (1st
generation)

 How to build a reprap 3D printer - Huxley (mini-reprap,
portable)

. :-Il)ow to build a reprap 3D printer - Mendel (RepRap Version

 How to build a reprap 3D printer - Prusa (easy to assemble)
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RepRap project

RepRap Open
Source 3D Printer

https://www.youtube.com/watch?v=FUB1WgiAFHg

Co-funded by the
Erasmus+ Programme
of the European Union

This project has been funded with support from the European Commission. This material reflects the views only of the
author, and the National Agency and European Commission cannot be held responsible for any use which may be made of
the information contained therein.




RepRap project

Timelapse of
Adrian
assembling
the first
RepRap
“Darwin”

https://www.youtube.com/watch?v=Mo5Hp 6uD-E

Co-funded by the
Erasmus+ Programme
of the European Union
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FDM / FFF process
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FDM/FFF process

FDM (Fused Deposition Modelling) is most widely used and
affordable technology in 3D Printing.

FDM is also sometimes refereed to FFF (Fused Filament
Fabrication) since FDM is a proprietary term that can only be
used by Stratasys Inc. The RepRap project coined FFF so that the
technique could be used without trademark infringement.
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FDM/FFF process

Basic Principle

Using Fused Deposition
Modeling (FDM) filament of
plastic material is heated and
extruded through an extrusion
head. Then molten plastic is
deposited in X and Y coordinates
Ia\éer by layer, while the build
table lowers the object in the Z
direction.

This way building of the object is
done from the bottom up.

For elaborate objects some
support structures acting as
scaffolding are printed which are
removed after the printing is
finished.

2016-1-RO01-KA202-024578

Support  Build
Material Material
Spot Spot

~ Extrusion
Nozzles

Surface

Printing bed

Schematic of FDM technology
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FDM/FFF process

Fused Deposition
Modeling (FDM)
Technology

https://www.youtube.com/watch?v=WHO6G67GJbM

Co-funded by the
Erasmus+ Programme
of the European Union
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FDM equipment
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Home/hobbyists FDM 3D Printers

Home/hobbyist 3D Printers
— low cost, but there is a
need of ‘do-it yourself’
skills and some technical
knowledge.

They are mainly used for
creating customized items,
toys, decorative objects
and such.

Source: http://www.independent.co.uk/life-style/gadgets-and-tech/features/q-how-hard-can-3d-printing-
really-be-a-quite-hard-8761809.html
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Desktop FDM 3D Printers

For 3D printing right from user’s desk desktop FDM
machines are used. These machines are easy to use,
have software with wuser-friendly and intuitive
interface and can produce parts quickly and in a cost-
effective way. Users can create objects’ designs by
themselves or find them on the online repositories
and customize them according to their need.

A special group of desktop 3D printers are
professional printers. They are used for concept
modelling, producing functional prototypes or even
end-use parts. These printers are more powerful and
more expensive than consumer grade desktop
printers.

Desktop 3D printers can be used in small business,
education sectors and other.

2016-1-RO01-KA202-024578
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Industrial FDM 3D Printers

Industrial 3D Printers are used to produce fully functioning high quality products, achieve large build volume and
requires some special conditions like large working space, appropriate power supply and others.

Industrial printers are large, sometimes even need to be installed right in the building, have hiﬁh printing resolution
and use quality materials, mainly engineering plastics which can have special properties like high impact strength,

chemical resistance, thermal stability.

The major differences of desktop and industrial printers are associated costs and production capabilities — industrial
printers can produce larger parts in one print and complete order of the same size faster.

TS

o

T

Source: Stratasys
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Industrial FDM vs. Desktop FDM

Property Industrial FDM Desktop FDM

+ 0.15% (lower limit £ 0.2 + 1% (lower limit: £ 1.0
Standard accuracy

mm) mm)
Typical layer thickness 0.18-0.5mm 0.10-0.25 mm
Minimum wall thickness 1 mm 0.8-1mm

. . Large (e.g. 900 x 600 x Medium (e.g. 200 x 200 x

Maximum build envelope 900 mm) 200 mm)/td>
Common materials ABS, PC, ULTEM PLA, ABS, PETG
Support material Water-soluble Same as part (typically)
Productlor.r capabilities Low/Medium Low
(per machine)
Cost S50000+ $500 - S5000

Source: https://www.3dhubs.com/
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Co-funded by the
Erasmus+ Programme
of the European Union




Main components of FDM 3D printer

Print bed

Typical print bed (the surface
that objects are printed on
to) is a sheet of glass with
some kind of surface on top
for helping the plastic stick.

Most printers have heating
element for heating the bed.
This is needed to prevent the
object from warping and
peeling off the bed during
printing process.

2016-1-RO01-KA202-024578
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Main components of FDM 3D printer

Bed surfaces

The bed surface helps the plastic stick to the bed
during printing but also allows it to be removed
easily when printing is done. There are many
different kinds of bed surfaces. Most printers will
come with some kind of all purpose surface,
however, for best results it is better to use different
surfaces depending on the printing material.
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Main components of FDM 3D printer

Filament

In FDM printers a thin
filament of thermoplastics
(plastics that melt when
heated and solidify at room
temperature) is used.

Co-funded by the
Erasmus+ Programme
of the European Union
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Main components of FDM 3D printer

Extruder

The essential part of 3D printer is
the extruder. It has two parts:
cold end with motor, which
draws the filament in and pushes
it through, and hot end where
the filament is melted and
squirted out.

2016-1-RO01-KA202-024578 =
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Main components of FDM 3D printer

Head movement mechanics

The most common 3D printers on the CARTESIAN DELTA
market are Cartesian printers, named
after cartesian coordinate system. Such
printers have rectangular frame wherein
any movement can happen along one of
three perpendicular axes: X, Y or Z
Typically print bed moves in the Z-axis,
while the extruder can move in four
directions along X and Y-axis.

In Delta 3D printers, the extruder is held
by three arms in a triangular
configuration (thus the name “Delta”).
The print bed is usually circular and does
not move. Print-head position s
estimated using trigonometry. Delta
printers are faster than Cartesian and
because of their design can print
relatively tall objects, but may be less
accurate than Cartesian printers.
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Main components of FDM 3D printer

Head movement mechanics

Polar 3D printers use polar coordinate system, where positioning is
determined by an angle and a length, rather than coordinates X, Y and Z.
This means, that the bed rotates in a circle, while the print-head moves up,
down, left and right. Polar printers can function with only two stepper
motors and can make larger objects while using less space.

The fourth category, which is beginning to see an increase in use, is 3D
printing using Robotic Arm with advantages like mobility, flexibility in
printer head positioning and printing process which is not fixed to a
printing plate. However, the print quality is not as good as conventional
Cartesian printers.

2016-1-RO01-KA202-024578
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Main components of FDM 3D printer

Example of Cartesian 3D printer —
LulzBot Mini 3D Printer

mini

Example of Delta 3D Printer —
SeeMeCNC Rostock MAX v3 3D Printer
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Main components of FDM 3D printer

Stepper Motors

In 3D printers for precise position control stepper
motors are used, which, when given power, rotate in
increments rather than continuously.

Co-funded by the
Erasmus+ Programme
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Main components of FDM 3D printer

The Frame

Frame holds all other parts of 3D printer together. It
can be made of sheet metal, aluminium or plastic.
Often many frame parts can be 3D printed

themselves.

Co-funded by the
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Main components of FDM 3D printer

Electrical components

* Power Supply — converts the 120V AC electricity from the
wall to low voltage DC power for the printer.

e Motherboard - orchestrates execution of commands in the
form of G-Code given to it by the computer.

e Stepper Drivers - run the stepper motors by firing the coils
of the motors in sequence, causing it to move in increments.

* User interface — some printers may have a LCD screen which
allows to control them directly without the need of
computer.

e SD Card Slot — some printers also have an SD card slot from
which they can load G-Code files.

2016-1-RO01-KA202-024578
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Useful Topic Related Links

https://en.wikipedia.org/wiki/Fused_filame
nt_fabrication

Y[]u T|_|he https://www.youtube.com/watch?v=f4RGU

2jXQiE

ViMeo» https://vimeo.com/5202148
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3D CAD modelling software
applications
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Aim and Learning Outcomes

Module Aim: To equip students with basic understanding of
3D CAD modelling principles and with basic
knowledge on CAD freeware

Number of Hours: 2hrs

Learning outcomes: e Understanding the basics of 3D CAD
modelling

e Acquiring knowledge on different free 3D
CAD applications

2016-1-RO01-KA202-024578
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Lecture Outline

* What is CAD Technology?
* 2D Modelling

* 3D Modelling

* Benefits of CAD

* Free 3D CAD applications

* A360 Fusion — A general overview

2016-1-RO01-KA202-024578
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What is CAD
Technology?
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What is CAD Technology?

Computer-aided design (CAD)
is the use of computer
technology to aid in the
design and in the generation
of two-dimensional (2D)
drawings and three-
dimensional (3D) models of a
component or product

E.g. a 2D cross-section which
is revolved about an axis to
produce a 3D model

Co-funded by the
Erasmus+ Programme
of the European Union
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What is CAD Technology?

CAD technology has
nowadays become part and
parcel of a design activity in a
range of sectors including:

 architecture
product design
jewellery design
interior design
medical etc.

2016-1-RO01-KA202-024578
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Link of 3D CAD to 3D-Printing

A 3D CAD model is first created using a free/commercial CAD
package

The CAD model is then prepared for 3D printing (e.g. converting it
to STL, removing any errors, setting up layer thickness etc.)

The 3D printing process follows

Lecture focus: 3D CAD
Modelling

3D Printing
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2D Modelling
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2D Modelling

30 Model EEEEGM Inspect  Tools N

CAD can be used to create 2D [5; 1/ c®| {» Heﬂe
shapes in, say, the XY plane ol
using simple drawing entities |

(e.g. lines, arcs and circles)

2D shapes can be modified
by applying basic modify
commands such as mirror,
etc.

Such 2D shapes can be used
as a basis to generate 3D
models => 2D modelling is
required for 3D modelling
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3D Modelling
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3D Modelling

3D models:

* Wireframe (made up of
vertices and edges)

e Surface (represent the
boundary of the object,
not its volume —
analogy: thin eggshell).

* Solid (represent the
volume of the object)

There are three main types of g
13

LA\ 777
A
WOV W

AVAYAY
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3D Modelling

Many 3D geometries have a common 2D
cross-section on which a 3D operation
has been applied

How we can convert 2D shapes into 3D
entities? We have already seen how we
can transform a simple 2D polyline to a
3D entity

Basic 3D modelling commands (e.g.
extrude, sweep, loft), which are
commonly found in commercial CAD
packages, allow use to create a wide
range of 3D models

2016-1-RO01-KA202-024578
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3D Modelling

We can also create cross- =

) w—
sections through a 3D CAD
model in order to
illustrate/visualize hidden
features e
:E:‘L: T —|
(R
O e 1
N
f
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Benefits of CAD
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Benefits of CAD

Ma_terlalf_sb -

A CAD virtual model can be rendered statically
to reflect how an artefact (e.g. product,
building etc.) will realistically look like...

2016-1-RO01-KA202-024578
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Benefits of CAD

...this will help clients to visualise better different colour
schemes, room configurations etc.
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Erasmus+ Programme
of the European Union

2016-1-RO01-KA202-024578



Benefits of CAD

CAD virtual
models can
be rendered
dynamically
to mimic, for
instance, the
function
physical
artefacts

https://youtu.be/a2plfuDeZdo
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Free 3D CAD applications
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Free CAD applications

A number of free CAD
modelling software packages
are available, such as:

e Trimble SketchUp
e TinkerCAD
* A360 Fusion

Co-funded by the
Erasmus+ Programme
of the European Union
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Free CAD applications — SketchUp

Allows users to easily create 3D virtual
models through a number of straight-forward

functions, such as Push/Pull and much
more... <N

2016 1-RO01-KA202-024578
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Free CAD applications — TinkerCAD

T
Allows users to easily create 3D virtual models Egm
on-line, via a simple web-browser ClAID
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Free CAD applications — A360 Fusion

Allows users to easily upload and share 3D virtual models
and drawings on-line, through a web-browser
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A360 Fusion — A general
overview
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A360 Fusion — Viewing Features

One can view the CAD model
from different angles using
the orbit tool
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What is Autodesk Fusion 3607

Click on the
video on the
right to play

https://www.youtube.com/watch?v=h9wplYhYvh4
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Useful Topic Related Links

Computer-Aided Design

N

YouRIi[) what is Autodesk FUSION 3607
You Tuhé Fusion 360 for Beginners Webinar
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3D CAD modelling using
Autodesk Fusion 360

blngF - CH

-
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Aim and Learning Outcomes

Module Aim: To equip students with the basic knowledge
needed to produce their own 3D printing
models with Autodesk Fusion 360 software

Number of Hours: 11 hrs

Learning outcomes:  Knowledge on modelling a 3D object from
scratch using Fusion 360 software

* Knowledge on how to generate STL files
from Fusion 360 software

2016-1-RO01-KA202-024578
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Lecture Outline

* Prologue

e Getting started

* Create 2D sketches

* 3D modelling

e Use materials to control the appearance

e Save model as STL file
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Prologue
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Chapter Outline

Prologue

* Introduction

* Learning Objectives

* Course program

* What is Fusion 3607?

e About this study material
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Introduction

The aim of this Fusion 360 study material is to provide
participants a brief overview of the software opportunities
and to equip them with basic knowledge about using this
program.

Fusion 360 software is a very comprehensive product
development system and it’s impossible to considered all its
features here in detail. Also, we are considering only the creation
of models for 3D printing. Thus, this material focuses on some
fundamental skills and preparation concepts, after the
acquisition of which the students can independently develop
their skills further.

This material should be taken as a simplified Fusion 360 tutorial
but not as a substitute of the software documentation.
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Learning objectives

This material consists of six chapters. Themes are logically
connected and its recommended to acquire them in the
presented order. To improve acquisition of this material, some
key issues are related to the practical exercises.

All subsequent material is prepared on the basis of a real product
(a desk organizer) designed to be 3D printed.

In the course you will learn about tools and techniques of Fusion
360 useful for 3D printing models preparation, going step-by-step
through the details of desk organizer modeling.
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The product to be designed

* 3D printable desk organizer
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Course program

Getting started

 Download and opening the
program

* Fusion 360 Interface

* Basic settings

* Import and open files

* Entering the command

* Navigation and selection tools

Create 2D sketches

* Planning a sketch

* Create a 2D sketch

* Constrain and dimension a sketch

2016-1-RO01-KA202-024578

3D Modelling
* 3D modelling tools
* Create 3D models

e Edit existing features

Use materials to control
the appearance

* Apply and edit materials
 Modify appearance

Export models as STL file
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What is Fusion 3607

Fusion 360 is a cloud-based tool for product development that
integrates CAD, CAM and CAE software, created by Autodesk
Corporation.

Fusion 360 has many features:
* freeform sculpting and modelling

solid/parametric/mesh modelling

simulation and testing

data translation

assembly modelling

* machining

* 3d printing and many more.

It is an excellent choice for creating models for 3D printing.
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About this study material

Since this course material's screenshots and menu steps are
taken from a computer with June 2017 version of Fusion 360,
the future versions of Fusion 360 may cause differences from
this material (both — in screenshots and menu steps).
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Getting started
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Chapter Outline

Getting started

* Download and opening the program
* Fusion 360 Interface

* Basic settings

* Import and open files

* Entering the command

* Navigation and selection tools
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Learning objectives of this chapter

In this chapter you will learn how to get started with Fusion

360.

After completing this chapter, you'll know how to:
 download and open Fusion 360
 use Fusion 360 user interface

set basic settings

open and import Fusion 360 files

do command entering

use model navigation and selection tools

Co-funded by the
Erasmus+ Programme
of the European Union

2016-1-RO01-KA202-024578



Download Fusion 360

To download and use Fusion 360, you will need an Autodesk ID.
As a student or educator ou can obtain an Autodesk ID and
Fusion 360 at www.autodesk.com/education/free-
software/fusion-360

FUSION 360 / overview

Fusion 360 3D CAD/CAMfor students

FREE CAD/CAM design software forstudents, educators, and academic institutions @

o Watch the video

Get a free 3-year education license
Fusion 360 is available for Mac and PC.

1 CREATE ACCOUNT 2 REGISTER 3 DOWNLOAD

Create an Autodesk account
Already have an account? Sign in

CREATE ACCOUNT
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Download Fusion 360

To download and use Fusion 360, you will need an Autodesk ID.
As a stude hobbyists or enthusiasts you can obtain an Autodesk
ID and Fusion 360 at www.autodesk.com/products/fusion-

360/free-trial

EUSION.360.. / OVERVEW ¥  SUPPORTLEARNING ¥  COMMUNITY. ¥  CUSTOMERS  PARTNERS WSTUDENTS,  SUBSCRIBE  FREE TRIAL

i BRI
=

I
T

Try Fusion 360 for free —

Fusion 360 is a 3D CAD, CAM, and CAE tool that connects your- entire product development
process in a single cloud-based platform that works on both Mac and PC.

FEEDBACK

Fusion 360 Free for startups, hobbyists, and enthusiasts

Fullte=e of Fusion 360 free for 30 cays Full use of Fusion 360 for as long as you need it @

FREE Start by downloading the free 30-day trial

,o Once you're in, simply register for free use

Available for Windows 64-bit and Mac
Need help?

Arevouastident? e A N O e )
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Start Fusion 360

The design files that you create in Fusion 360 are saved to
the cloud-based Autodesk 360 (A360) platform in a Project
folder. Thus, you can access your design files from any web
browser or computer with Fusion 360 installed by logging in
with your Autodesk ID.

e Start Fusion 360.

* Ifrequired, sign in using your Autodesk ID.

{\ AUTODESK.

Sign In

Don't have an Autedesk account? Signing up is easy
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Fusion 360 Interface

Autodesk Fusion 360 — [m] X

Toolbar Profile and help
= (o

= CONSTRUCT~ | INSPECT~ INSERTY MAKE~™ = ADD-INS¥ @ SELECT~

® @ (unsaved) [O]
» i rveucrasens

e

@ SetOrbit Center
& Reset Orbit Center

Physical Material
@ Appearance a
<[] Texture Map Controls

Workspace

Sketch

Create

Modify

Assemble

Construct

Inspect

Insert

Make

Add-ins

Select

VVVVYVYVyVVVYVYY VY

COMMENTS [+

i« « > » » T | Timeline Navigation bar and display settings Canvas and marking menu
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Fusion 360 Interface

* Application bar - Access the Data Panel, file operations, save,
undo and redo

* Profile and help - control profile and account settings; help
and learning

* Toolbar - select the workspace and the tool

* ViewCube - orbit the design or view it from standard view
positions

* Browser - lists objects in your design. Can be used to make
changes to objects and control their visibility.
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Fusion 360 Interface

* Canvas and marking menu - Left click to select objects in the
canvas. Right-click to access the marking menu (it contains
frequently used commands in the wheel and all commands in
the overflow menu).

* Timeline - lists operations performed on your design. Right-
click operations in the timeline to make changes. Drag
operations to change the order they are calculated.

* Navigation bar and display settings - The navigation bar
contains commands used to zoom, pan, and orbit your
design. The display settings control the appearance of the
interface and how designs are displayed in canvas.
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Basic settings

In the User Profile drop-down menu located in the top right
corner, click “Preferences”. Here you can set your preferences
regarding Ul behavior, Units, Visibility, Material, Graphics, etc.

F Preferences

v General ( Preferences that sets default units used in new documents
AP

Design Default units for new design | mm
Render
CAM
Drawing
Simulation
Material
Mesh
Graphics
Network
Data Collection and Use
¥ Unit and Value Display
Simulation
v Default Units
Design
CAM

j
4

Simulation
Preview

Restore Defaults Appy || ok
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Select workspace

Fusion 360 has 7 different workspaces, each of them displaying a
toolbar with tools relevant to that specific workspace. To select a
workspace, click Model.

# - H &~

@ 30Pproject v1

@ B ® = & =

SKETCH ¥ CREATE ¥ MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERTY MAKEY ADD-INS™ SELECT ™

MODEL

PATCH

RENDER

ANIMATION

SIMULATION

CAM

DRAWING 4
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Available workspaces

Model: create and edit solid geometry
Patch: create and edit surface geometry
Render: generate realistic renderings of the design

Animation: create animations of how the design should
work

Simulation: perform stress analysis

CAM: generate tool-path strategies for the design to
get fabricated

Drawing: create 2D drawings of a model

2016-1-RO01-KA202-024578
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Display settings

The display settings bar is located at the bottom of the screen
and control the appearance of the interface and how designs are

displayed in canvas.

M Layout Grid [ synchronize Views

M Layout Grid Lock Single View  Shift+!
Snap to Grid

@ Grid Settings

BB Reset Views

2 (=53 -
Incremental Move ==

U Set Increments
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Import and open a file

In this section you'll learn how to import and open files.

After completing this section, you‘ll be able to:
e Import files using Cloud Translators
e Import files using Local Translators

* Insert files and components
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Import and open a file

There are several ways to open, import or translate a file in
Fusion 360. To import a file is to upload it to the cloud. Once

it's imported, the file may be opened in Fusion 360 through the
Data Panel.

If the Data Panel is not shown in the Fusion 360 window, click
the icon within the red square below.

B = o = B

MODIFY ¥ ASSEMBLE v CONSTRUCT ¥ INSPECT INSERTY  MAKEY = ADD-INS~ SELECT~

'« BROWSER ol
4 O MG

D EJ nNamedViews
Q Units: mm

D @ B3 oOrign
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Import files using Cloud Translators

Use the Upload command (you have to be inside of a project) to
import a file into Fusion 360. Several file types can be imported
into Fusion 360, including IGES, OBJ, STEP, STL.

< A Ludor o Q
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Import files using Local Translators

Use the "New Design from File" command to import Autodesk
Fusion 360 Archive Files, IGES, SAT/SMT Files and STEP Files

New Design

I New Design From File I
New Drawing 1 I
CRE/

Related Data »

<4 BR Open Details on Web

A ] Save Ctri+S

[ Save as

Recover Documents (0)

Export...

Live Review Session...

Share 1 3
3D Print

Capture Image...

View »
Scripts and Add-Ins...

Fusion 360 App Store
Add-Ins (Legacy)...
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Insert files and components

Use the various Insert command to import components and files
(OBJ, STL, DXF and SVG).

el & & B

UEIRE MAKEY  ADD-INSY ~ SELECT™

@)l Decal

E’ Attached Canvas

9 Insert Mesh

£ Insert SVG

Q Insert DXF

@ Insert McMaster-Carr Component
E] Insert a manufacturer part
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Entering the command

Workflow in Fusion 360 is intended to be flexible for user
preferences. The commands can be entered by using:

e command icons from Toolbar
* right-click on objects listed on Browser
* right-click on canvas

* keyboard shortcuts
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Navigation tools

There are multiple ways to manipulate the view of your design:
* Navigation Bar

* ViewCube

* Mouse navigation

* Touch gestures for touchpad and touch screen devices
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Navigation commands

The navigation commands are started by clicking on an icon
from Navigation Bar.

Orbit - commands that rotate

the current view. g M QE Q vIv .
Look At - views faces of a
model from a selected plane.
Pan - moves the view parallel
to the screen.

Zoom - increases or decreases
the magnification of the
current view.

Fit - positions the entire model
on the screen.

2016-1-RO01-KA202-024578
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ViewCube

e Use the ViewCube to rotate the camera
* Drag the ViewCube to perform a free orbit

e (Click faces and corners of the cube to access standard
orthographic and isometric views.
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Use mouse shortcuts to zoom in/out, pan the view and orbit
the view. Set the Default Mouse Control in Preferences to
change how you pan, zoom, and orbit with the mouse.

v General (

Preferences controlling general Ul behavior

API
Design
Render
CAM
Drawing
Simulation
Material
Mesh
Graphics
Network
Data Collection and Use
v Unit and Value Display
Simulation
v Default Units
Design
CAM
Simulation
Preview
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User language English
Graphics driver Auto-select
Offine cache time period (days)
Automatic version on close []
Automatic Recovery Save time interval (min)

Defaut modeiing orientation |y yp

Show tooltips

Show command prompt

Show defaul measure

Show in-command errors and warnings
Show Autodesk A360 notification [

Pan, Zoom, Orbi shortcuts ' Fusion

Defaut Orbit type  Free Orbi
Reverse zoom direction [_]
Enable camera pivot
Use gesture-based view navigation ]
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Selection tools

There are many ways to select objects in Fusion 360.

@ B M = o O BB

MODIFY~ = ASSEMBLE ™ CONSTRUCT ~ INSPECT ¥ INSERTY MAKEY  ADD-INS ™

L, select

L, window Selection 1

(R Freeform Selection 2
&< Paint Selection 3

Selection Tools

Selection Priority
[y Selection Fiters

The icon at the top of the pull down indicates which selection
mode is active.
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Selection mode

el =@

INSERT ¥ MAKE ¥

Window Selection Drag to draw a
rectangle to select objects.

* Freeform Form Selection Drag
to draw a lasso to select objects.

* Paint Selection Drag to select
objects the cursor touches.
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Selection tools and filters

There are many ways tools and filters that can be used:

* Select by Name - to select objects by name.

* Select by Boundary - to select objects within a boundary
shape you define.

» Select by Size - to select objects based on size.

* Invert Selection - to invert the active selection.

* Selection Priority - to specify the priority of selected objects
in the canvas.

* Selection Filters —to control which objects types are available
for selection.
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Create 2D sketches
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Chapter Outline

Create 2D sketches

* Create a 2D sketch

* Create geometry in a sketch

* Use constraints to position geometry

* Use dimensions to set the size of geometry
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Learning objectives of this chapter

In this section you will learn how to create sketches and how
to apply dimensions and geometric constraints.

After completing this section, you will:
* know the basic workflow for creating a sketch

* be able to create, constrain and dimension a sketch
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Create a 2D sketch

A sketch is an object containing the geometry needed to define
profiles. Sketches must be created on origin planes, construction
planes, or a flat model face.

First step is to start a new
design where you will
create geometry:

E = v s v

New Design @
New Design From File 7
New Drawing I @ m
Related Data b CREATE ¥ Moc

° Sta rt d new deS|gn W BR Open Details on Web (-] ||‘
A Save Ctri+S

e Launch Fusion 360

[ Save as

Recover Documents (0)

Export...
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Create a new sketch

Select Sketch > Create Sketch

B - H & -~

@ untitied % | @ 30p_projectivo O X |

BooW@E @ o o ol B &

CREATE ¥ MODIFY Y = ASSEMBLE ¥ CONSTRUCT INSPECT ¥ INSERTY = MAKEY = ADD-NS¥ @ SELECT™

« BrowseR | (3 Create Sketch X {
s Line L Creates a sketch on the selected plane or planar
4 u & face.
ectangle
D E] na

>

Circle 4

Q Uni Arc »

D QB e—— >
&> Elipse

Siot >
[JSpIine

+ "
"\ Conic curve

-4~ Point
A Text

(" Filet

=/ Trim T
-/ Extend
|- Break
E| Sketch Scale
& Offset 0
Dlﬂ Mirror
I:SP Circular Pattern
g:g Rectangular Pattern

Project / Include ([

.r"‘is};etch Dimension D o ‘@7'@ @ C? @' v ﬁv -

PRV S ¢

COMMENTS
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Create a new sketch

Select Sketch > Create Sketch o Soga @ ha 9
SeIeCt the ”Top” (XZ) plane —— S CREATE™  MODFY~™  ASSEMBLE® = CONSTRUCT™ | I

Create Sketch
») Line L Creates a sketch on the selected plane or planar
face.
Rectangle

>
Circle >
Arc >

>

Polygon
@ Elipse
Slot >
[-J Spline
+
) Conic curve
-+~ Point

A Text

&L Offset 0

Pl mirror

°;P Circular Pattern
Rectangular Pattern

4 Project / Include b L
COMMENTS k= Sketch D on D (- | ¢€9 v G

imension

@ b > T
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Create geometry in a sketch

Sketch geometry can be created and edited using
many available commands. Next, we will create a
profile using Line command.

2016-1-RO01-KA202-024578

[ create Sketch

- Line L
Rectangle
Circle
Arc

¥y v v ¥

Polygon
&> Elipse
Slot >
J spiine
+ =
I\ Conic curve
-%- Point
A Text

{+ Fillet

=/~ Trim T
--/ Extend
|- Break
EI Sketch Scale
&k Offset 0
D|g Mirror
QgP Circular Pattern
g:g Rectangular Pattern

Project / Include >

|"'| Sketch Dimension D
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Sketch a profile

* Select Sketch > Line
* Draw the shape from the picture by clicking in the indicated order

* Make sure you connect the last line to the start point, creating a
closed shape. If correct, the shape is shaded in.

Select a start and endpoint to define a line segment.
Click and drag the endpoint of a segment to define
an arc.

.................
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Constrain the profile

@ SKETCH PALETTE

¥ Options

e From the Sketch Palette>
Constraints select
Horizontal/Vertical

* Apply Horizontal/Vertical
on all the lines, except line 1

Look At

Sketch Grid

Snap

Slice

Show Profile
Show Points
Show Constraints

3D Sketch

ONS ;|
Coincident !._

Collinear

OO0 @@

Concentric
Midpoint
Fx/UnFix
Parallel

Perpendicular

Horizontal/Vertical

A=A \ B > O

Tangent
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Constrain the profile

* From the Sketch Palette> Constraints select Collinear

e Selectline2and3

Show Constraints )

3D Sketch o

Concentric ©
Midpoint YA
FodUnFix &

Vs

Paralle!
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Constrain the profile

* From the Sketch Palette> Constraints select Coincident

e Select point 4 then, from Browser, the origin of the
coordinate system

© SKETCH PALETTE

+ [¢_ @ orosnzersorve [0
> |

¥ Options

Look At =)
/ Sketch Grid )
Snap @
Shice ()
Show Profile @
Show Points
Show Constraints
3D Sketch o
Concentric ©)
Midpoint A
Fox/UnFix &
Paraliel &
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Dimension the profile

* Select Sketch > Sketch Dimension
* Place dimension on the lines according to the picture
e Select Stop Sketch
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3D modelling
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Chapter Outline

3D modelling

* 3D modelling tools

* Create 3D models
 Edit existing features
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Learning objectives of this chapter

In this section you will learn how to turn a sketch into a
parametric 3D model and to create solid bodies using primitive
shapes.

After completing this chapter, you will :
* be able to use main tools to create 3D models

* know how to modify existing features
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3D modelling tools

There are multiple modelling
tools inside Fusion 360. In this
course we will study only the
solid parametric modelling and
the creation of solid models from
primitive shapes.
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E' New Component j{
@T Extrude E

& Revolve

@ Sweep
g Loft
(@& rib
B web
Hole H
£ Thread
Box
@ Cylinder
@ Sphere
@ Torus
Coil
@ Pipe
Pattern 1 3
Ol mirror
€2 Thicken
@) Boundary Fa

ﬂ?.] Create Form

E%] Create Base Feature

‘;-] Create Mesh

£ Voronoi Sketch Generator

Replace Face
& Spit Face
(&) spit Body
& Silhouette Spit

tio Move ]
nf=} Align

@ Physical Material

0 Appearance A
Manage Materials

(3 Delete Del
&2 compute Al Ctri+B

z Change Parameters
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Create a body using Extrude

Extrude command creates a 3D solid by extending the shape of a 2D
object in a perpendicular direction into 3D space.

Ua @ Ha ¥ = oo o B

MODIFY ASSEMBLE ¥ CONSTRUCT ¥ INSPECT INSERTY MAKEY = ADD-INS ™ SELECT ¥

L]
d S e I e Ct p rOfI I e - 5 Revolve Adds depth to a closed sketch profile or planar face.

Q} Sweep Select the profile or planar face then specify the

click inside the Bon AL
prOfiIe BEE web

* C(Click Create> =
Extrude S

@5] Create Form
C%] Create Base Feature
% Create Mesh

&£ Voronoi Sketch Generator
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Create a body using Extrude

Set the extrude options, according to the picture.

I| @ EDIT FEATURE »
Profe x
Start I-' Profile Plane v
Direction m Two Sides v

¥ Side 1

Extent H Distance v

Distance {50 mm |

Taper Angle | 0.0 deg |+

¥ Side 2

Extent H Distance v

Distance [ 50 mm Iv

Taper Angle [ 0.0 deg |

Operation @ New Body v

OK Cancel
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Cut body using Press Pull

Press Pull command is a selection command that allows quick
access to either the "Extrude," "Fillet," or "Offset Face" command
depending on the type of geometry initially selected.
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Cut body using Press Pull

Sketch cutting profile

» Select Sketch > Create Sketch

e Select the LEFT view.

e Select Sketch > Rectangle> 2-Point Rectangle

* Click on point 1 to start the rectangle

* Move the mouse to the line 2 and place of
the rectangle’s opposite corner

* Click to complete the command

e Select Sketch > Sketch Dimension
* Place the 25 mm dimension

e Select Stop Sketch
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Cut body using Press Pull

Place cut
» Select profile — click inside the rectangular sketch
* Right-click and select Press Pull

* Set the extrude options according to the picture.
* Click OK.

I| @ EDIT FEATURE

e NI

Start b Profie Plane v
Direction h One Side v
Extent % All v
Fiip 7

Taper Angle (0.0 deg .
Operation u Cut s 4
» Objects To Cut

OK Cancel
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C UAUAUR'ARAY \/ v

Y -

Cylinder command creates a body by adding depth to a circular
region.

* Click Create > Cylinder
* Select the bottom surface of the object

* Select the corner 1 to place the cylinder’s center point
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Create body using Cylinder

*Move the cursor until you reach 50 mm. Click to confirm the size.
*Drag the arrow manipulator to set the cylinder height to 120 mm
*Set Operation to Join

Click OK
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Cut body using Cylinder

Click Create > Cylinder
» Select the top surface of the cylinder created previously

» Select the center of top surface to place the cylinder’s center
point
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Cut body using Cylinder

*Move the cursor until you reach 44 mm. Click to confirm the size.
*Drag the arrow manipulator to set the cylinder depth to 115 mm
*Set Operation to Cut

Click OK

I| @ CYLINDER

— -

Diameter |“ mm ]'

Height [-115 |
Operation n Cut v
¥ Objects To Cut

& Body1
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Create body using Box primitive

Box command creates a rectangular body.

*Click Create > Box

*Select the bottom surface of the object

*Select the corner 1 to place the cylinder’s center point
*Move the mouse to place the box’s opposite corner (point 2)
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Create body using Box

*Set the Box options
according to the
picture

*Click OK

Placement X

Length [50 mm |

Width [ 100.00 mm |

Height [-25 mm I

Operation U New Body -

(i ] OK Cancel

2016-1-RO01-KA202-024578
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Combine bodies

* Click Modify >
Combine

© COMBINE
Target Body [} 1selected X

vooes  [REEEEY

e Select Box as Target

BOdy Operation ﬂcm v

New Component D

e Select Body 1 as KeepToos
TOOI BOdy (i ] OK Cancel

* Set Operation to Cut
 Check Keep Tools
e Click OK to finish

Select bodies to combine with target bod

2016-1-RO01-KA202-024578
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Remove extra body

A new body has been created and must be removed —right
click on the un-needed body, in Browser.

:
Units: mm

El . ¢34 Move/Copy m
Dé Move to Group
o) Body! =
Create Components from Bodies
Sketches
EI l'ﬁ? Create Selection Set
W SKete @) physical Material
9 Sketc (™ Appearance a

<[} Texture Map Controls
Properties
Save As STL
Copy Ctri+C
Cut CtrieX

O‘ Delete Delete
«O Remove

Display Detail Control
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Join bodies

There are 2 bodies now and will join them to have only one.

Click Modify >
Combine

Select first body as
Target Body

| @ EDITFEATURE

- .

Tool Bodies [3 1 selected X

*Select second body as
Tool Body

Operation . Join v

Keep Tools ()

*Establece la operacion
Join

Cancel

*Deselectionar Keep
Tools

*Clic en OK para finalizar
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Modificar la caja usando Shell

* Clic en Modify > Shell

* Seleccionar la
superficie del
superior Box

| © SHELL

—— .

Tangent Chain

inside Thickness |3 |

e Establecer Inside
Thickness en 3 mm

Cancel

 Establecerla
Direccion en Inside

e Clicen OK para
finalizar
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Fillet edges

 Hold the Shift key and select the two edges shown in the image
* Right-click and select Fillet
 Setthe Radiusto 10 mm

| @ FILLET »

Edges k 2 selected [

P Selections

Type Constant Radius v

Radius [0.00 mm .

Tangent Chain @)
G2

()
Corner Type a
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Chamfer edges

 Hold the Shift key and select the two edges shown in the image
* Right-click and select Chamfer
 Setthe Distanceto 5 mm

| @ CHAMFER

Edges k 2selected B4

Tangent Chain

ChamferType V] Equal distance

Distance {0.00 mm |«

Cancel

2016-1-RO01-KA202-024578 s Co-funded by the

Erasmus+ Programme
of the European Union




Use materials to control
the appearance
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Chapter Outline

Use materials to control the appearance
e Apply and edit materials
* Modify appearance

2016-1-RO01-KA202-024578
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Learning objectives of this chapter

In this section you will learn how to use physical materials and
visual materials.

After completing this chapter, you will be able to:
e apply and edit materials

* modify the design appearance

Co-funded by the
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Apply and Edit materials
b B ) =

ASSEMBLE ¥ CONSTRUCT ¥ INSPECT INSERTY MAKEY™
G Press Pull Q

(D Fillet F
ED Rule Fillet

@ Chamfer

Shell

@ Draft

E| Scale

@ Combine

[#] Replace Face
Q Spiit Face
Split Body

& Silhouette Split

s

There are two types of
materials in Fusion360:

* physical materials - control
the appearance and
engineering properties of a
component.

 appearance materials -
override the appearance
only.

Physical materials affect the color and engineering

»
+o+ Move/Co M
b " Y properties of bodies and components.

B8 Align
Drag the physical material from the dialog to the
Physical Material body or component.

Q:' Appearance A
Manage Materials

G Delete Del
(&2 compute Al Ctri+B

z Change Parameters
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Add Physical Material

@ PHYSICAL MATERIAL

* Click Modify > Physical
Material

¥ Library

* In the Physical Material
dialog box, expand the
Plastic folder

* Drag ABS Plastic onto the
model. The material and
color of the model are
modified

Library Fusion 360 Material Library v

- Acetal Resin, Black
. , Acetal Resin, White

* In the Physical Material
dialog box, click Close

Close

Co-funded by the
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Modify the Appearance

*Right-click the model. Click Appearance
*In the Appearance dialog box, expand the Paint > Glossy folder
*Scroll down the list to Paint — Enamel Glossy (Red)

| Search Q

c Fusion 360 Appearances ¢_) My Appearances Favorites
Downloadable material feature will be re-enabled
after Fusion finishes the live update and restarts...
E7) other
F7) Paint
£ Glossy

Paint - Enamel Glossy (Black)

Paint - Enamel Glossy (Blue)

Paint - Enamel Glossy (Dark Grey)

Paint - Enamel Glossy (Green)

Paint - Enamel Glossy (Grey)

Paint - Enamel Glossy (Red)
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Modify the Appearance

*Drag Paint — Enamel Glossy (Red)
onto the model. The material
color is modified. Note that the
physical material is still ABS.

*In the Physical Material dialog
box, click Close
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Export models as STL file
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Learning objectives of this chapter

In this section you will learn how to export the 3D models as
STL file.

After completing this chapter, you‘ll be able to export the 3D
models as STL file.
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STL files

STL (STereolLithography) is a common file format used in 3D
printing and contains the 3D model which will be printed. STL
is a triangulated representation of a 3D CAD model.
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Export models as STL file

In the Browser, right click on 2 [*_ @ orgenizersopviz O}
Body1l > select Save as STL

In the ,,Save as STL" dialog box
select Refinement as Medium S— ’
Click OK Tiias e o

Ffy create Components from Bodies
[§) Create Selection Set

Browse to the folder where you e r—
. & Appearance
want to save the STL file &f Teocuw ep Controls
. Removg Appearance Override
Click Save properties

Ctri+C
Ctri=X
Delete

Display Detail Control

() Show/Hide
Selectable/Unselectable

Opacity Control
COMMENTS ‘ Find in Window
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Useful Topic Related

https://www.autodesk.com/products/fusion-360/overview

http://help.autodesk.com/view/fusion360/ENU/
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Select a STL model from online
resources
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Aim and Learning Outcomes

Module Aim: To equip students with basic understanding of
using STL files resources for searching and
downloading models for 3D printing technology

Number of Hours: 3hrs

Learning outcomes: * Theoretical knowledge and practical skills on
how to access STL files from online
repositories/marketplaces/search engines,
to search and to download the desired
model
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Lecture Outline

e Access STL models online resources
(repositories/marketplaces/search engines) such as:
Thingiverse, GrabCAD, Pinshape, Yeggi, etc.:

* Browse the repositories and libraries and download STL
models

* |llustrative examples

2016-1-RO01-KA202-024578
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Access STL models from
online resources
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Access STL files repositories

 STL models can be downloaded, free or paid, from several
repositories, marketplaces or search engines such as:
Thingiverse, GrabCAD, SketchFab, Pinshape, Yeggi, Autodesk
123d, Pinshape, CGtrader, etc.

* These are offering STL files (in Binary or ASCIl formats)
usually grouped in categories for making the search and
selection easier, but also 3D CAD files in neutral or native
formats that can be transformed in STL files and then used
for 3D printing.
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Access STL files repositories

 STL files can be also uploaded on these repositories for
sharing creative and useful ideas/objects

e Some of these repositories are owned by 3D printers
manufactures:

* Examples: Thingiverse by Makerbot, YouMagine by
Ultimaker, Zortrax Library by Zortrax or GrabCAD by
Stratasys.
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Access STL files repositories

e Details on the most important resources for STL files

Theme |l npe | freo/paid

Thingiverse www.thingiverse.com Repository Free
GrabCAD www.grabcad.com Repository Free
https://sketchfab.com/tags/repository Repository Free

Yeggi www.yeggi.com Search engine Free, paid
ANGLEHSPELR http://www.123dapp.com/Gallery/conte Repository Free

nt/all

STL Finder www.stlfinder.com Search engine Free, paid

Pinshape https://pinshape.com/ Marketplace Free, paid

CGTrader https://www.cgtrader.com Marketplace Free, paid
Yobi3D https://www.yobi3d.com/ Search engine Free
Zortrax Library http://library.zortrax.com/ Repository Free
YouMagine https://www.youmagine.com Repository Free
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Access STL files repositories

 Workflow for 3D printing a STL model from an online
repository/search engine/marketplace

Access Browse Check and
repository/marketplace = repository and ‘ correct STL
/search engine select STL model model
|
Wy
3D printed 3D print STL model —
physical : recommended process
model parameters
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Examples — Thingiverse

* Thingiverse — repository of millions of STL models

&~ (& ‘G) www.thingiverse.com ‘k‘ O 6

2 Apps Favorites Yahcc D YouTube ™ Gmail Fitness | & Google [3 Ultimate3D [9 Index of /publicatii/b: & Prototyping @ Additive manufacturi ‘ Print Quality Troubles 4 3D Printed metamate Filme TED »

Thinglverse DASHBOARD EXPLORE EDUCATION CREATE Q Enter a search term SIGN IN/JOIN

Thingiverse
Featured

And the award for Technical Achievement In
Lion Printing goes to @_primoz_'s Hairy Lion,
which adds a new dimension to @geoffro's
Lion HD, which was a version of @3DWP's
Lion. Print this magnificent creature today and
test your post processing skills. Don't forget to
post a make!

Learn More

000e
Global Feed Featured Collections
Latest Thingiverse Activity Download and print today

=

Sweeneythegenie liked Crown
Necklace

collinscochran liked Yet ANOTHER
Machine Vise

Leeroy58 collected Fahrrad Ketten
Montierhilfe / B...

aydenbrooke liked ascending twice (
two stage rock... m

3D Math NintendoSwitch

IntlWomensDay

“5 Z

Green Eggs and...
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Examples — Thingiverse

» Step 1: Searching database using the term: “catapult”
determines the display of different models associated with

this word.

- (¢ | @® www.thingiverse.com/search?q=catapult&sa= * ‘ O 6
52 Apps Favori ites. Yahoo (@ YouTube ™M Gmail Fitness | G Google [ Ultimate 3D [ Index of /publicatii/b: & Prototyping @ Additive manufacturi - Print Quality Troubles  GC Log in & 3D Printed metamate Filme TED »
Thlngiverse DASHBOARD EXPLORE EDUCATION CREATE [7 catapult I SIGN IN / JOIN
SEARCH RESULTS Relevant v

326 results matching catapult

catapult
FILTERBY

@ Things
O makes
(O users

(O collections
O eroups
O Apps

FOR EDUCATION ~
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Examples — Thingiverse

e Step 2: One model catapult is selected (no 1763518) and
different images of 3D CAD models, a short movie and
pi@_m\s of 3D printed catapult are shown.

| © wwwthingiverle com/ihing:1763518 ) %O B
Favorites |l Yahoo Wess | G Google [} Uimate3D [3 Indexof /publicatib. & Prototyping ) Additive manufacturi  #)f Print Quality Troubles & 3D Printed metamate Fime || TED »
Thingiverse  DASHBOARD  EXPLORE  EDUCATION  CREATE Q Entera search term SIGN N/ JOIN

) Micro Catapult

~# by LukeTansell, published Sep 10, 2016

\t' DOWNLOADALL FILES

¥ Like 4275
7% Folding Cube by kbaran: x Free 3D Models Search © x { {) YouMagine - Collections X { [l Free 3D Models | Get fre. X [ = X
e.com/thing:1763518 * \ O &
B Micro_Catapult (1).zip - WinRAR = [m} X |Filme TED »

O YouTube ™M

| File Commands Tools Favorites Options Help ~

AR LHWRD /K 49

Add  ExtractTo Test ~ View Delete Find  Wizard  Info | VirusScan Comment — SFX

[E] | |2 Micro_Catapuit (1)zip\files - ZIP archive, unpacked size 2,099,612 bytes v

Name Size  Packed Type Modified  CRC32
| | File folder

**Micro_Catapult INC_TOL.STL 732484 267478 STLFile 1/11/2017 .. BA16B,
*+ Micro_Catapult v1.1STL 718784 261852 STLFile 1/11/2017 .. OF5BB3.

Total 1,451,268 bytes in 2 files
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Examples — Thingiverse

e Step 3: Access information and comments on 3D printed
variants of the catapult under Made tab

& C ‘@ www.thingiverse.com/thing:1763518/#made Yk‘ O & :
i Apps Favorites |l Yahoo 3

itness | G Google D Ultimate 3D D Index of /publicatii/b & Prototyping @ Additive manufacturi ‘ Print Quality Trouble« ﬁ'SD Printed metamate Filme TED

YouTube M Gmail
x| = @ 87 80 4674 5
Thing Details Thing Files Apps Commagts Made Zollections Remixes
e

2016-1-RO01-KA202-024578
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Examples — Thingiverse

e Step 4: Access information (Summary) on recommended 3D
printing settings: material, layer width or resolution, nozzle
diameter, orientation supports, etc.

< & ‘ @® www.thingiverse.com/thing:1763518

%0 &

Apps favorites |l Yahco @B YouTube M Gmail Fitness | & Google [3 Ultimate 3D W{u/b & Prototyping ) Additive manufacturi:  #J§ Print Quality Troubles 4 3D Printed metamate

Filme TED »

Contents
Summary

Print Settings
Standards

[ cam | ] o ]
e Lrcma o] o]

Design Tools

License

©@®O®

Micro Catapuit by Luke Tansell is licensed under the
Creative Commons - Attribution - Share Alike license.

Use This Project

** Ramiv Thic

2016-1-RO01-KA202-024578

Printer Brand:
Up!
Printer:
Up Plus2
Rafts:
Doesn't Matter

Supports:
No
Resolution:
25

Infill:
Minimum

Notes:

Support material is not required, but a raft will improve the seating of the axles inside their housings.
Printing at .25mm is recommended. It was found that a higher resolution affects the mechanics too
much. If you'd like a left-handed version, you can try mirroring it in your slicer (Some may need a '
integer, such as '-1' in order to mirror)

Cooling while printing the neck of the shooting arm is a must, even with ABS. To give mine a better
finish, i printed a small cooling tower alongside. This shouldn't be necessary if you have decent fans
on your extruder. You may also want to lower the speed on the bucket.

Standards

More from Mechanical Toys view more »

ee & Ml =
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Examples — GrabCAD

 GrabCAD —repository for 3D CAD models and STL files

* Requires creating an user account

< c ‘ @ Secure | https://grabcad.com/login Q7 5}‘ O &6

222 Apps Favorites | Yahoo @B YouTube M Gmail Fitness. | G Google [3 Ultimate3D [} Index of /publicatii/b: & Prototyping ) Additive manufacturii  §§§f Print Quality Troubles'  GC Log in 44 3D Printed metamate Filme TED »

GRABCAD  _ F

Welcome stranger, please log in

Log in using email Log in using

Email * diana@mix.mmi.pub.rol £ | Facebook
Password * cscsennss
JRemember me
3 Google

" Can't access your account?
LOg In Not a member?

2016-1-RO01-KA202-024578
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Examples — GrabCAD

* Browsing GrabCAD by categories

< (& ‘ & Secure | https://grabcad.com/library @ ﬁ{| 0O &
=2 Apps Favorites Yahoc D YouTube P Gmail Fitness | G Google D Ultimate 3D D Index of /publicatii/b > Prototyping @ Additive manufacturi . Print Quality Troubles  GC Log in ﬁ 3D Printed metamate Filme TED »
Popular this month© +Upload
3D printing
Aerospace
Agriculture

Architecture

Automotive
Aviation
Components
CONCRETE MIXER_ SEMI TRAL... Q Computer
by yalcin 13 ’
Y Construction \-10 Thunderbolt Il ‘B r
d&¢s57 $140 B5 Educational ly Anirudh Rao
i g 103 ¥ 200 OB 14
SOLIDWORKS 2015, Rendering, Other . Eleawical ' _
Foot mount electric mo =
by Sanitary Fittings CAD w2 STEP / IGES, Rendering, CATIA V5
§22 ¥ 85 @7 1 wish this page...
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Examples — GrabCAD

* Step 1: Searching the word “bracket” on GrabCAD produces the
results below. For each model, the format in which the object
can be found (neutral format or 3D CAD native format) is
specified.

< (& ‘ @ Secure | https;//grabcad.com/library?page=1&time=all_time&sort=recent&query=bracket Q i‘{‘ OII L LI
orites @l Yahoo (@ YouTube M Gmail Fitness | = G Google [J Ultimate3D [ Indexof /publicati/b: & Prototyping €} e Print Q A« me Im¢
076 oyt

STEP / IGES, Rendering

Ultrasonic Range Finder B... %
by comel comel

Planetary Geared Motor Br... h
by comel comel §

&0 35 Bo

SOLIDWORKS 2014

SOLIDWORKS 2015 Aircraft Bracket v4 @
by Eryuk Odysseus Kunzite y

¥ 1

&5 ¥

Rendering, CATIA VS

®o

I wish this page...
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Examples — GrabCAD

e Step 2: Select and download on model of bracket in STL file
format

« C' | @ Secure | https;//grabcad.com/library?page=18itime=all_time8isort=recent8iquery=bracket Q 5% | L'n L]
21 Apps Favorites [if Yahoo (B YouTube ™ Gmail Fitness | G Google [ Ulimate 3D [3 Index of /publicatii/bi & Prototyping €) Additive manufacturii 88 Print Quality Troubles  GC Login ' 3D Printed metamate Filme TED »
Bracket 45x90 @ @626 3 9 STL, STEP / IGES, Rendering, Other
by Renno Lainevool

&2 34 Wp STEP /IGES, SOLIDWORKS, Rendering, Other

STEP / IGES, SOLIDWORKS, Rendering, Other

- / oo
T by Christopher TeneTsen &
&s 311 P2
@
N JTEP / IGES, Rendering
, w -
LAPTOP SHIELDER w

by Mohd Sabir Rabbani kha...
& ¥4 B0

Bracket Optimization ﬂ

STL, STEP / IGES, SOLIDWORKS 2016, by harikrushna dodiya 1 wish this page...
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Examples — GrabCAD

e Step 3: Access information on model or recommended 3D
printing settings

76 (& ‘ @ Secure | https://grabcad.com/library/shelf-bracket-2 Q 1y ‘ O. B
21 Apps Favorites Vahc:o D YouTube M Gmail Fitness | G Google D Ultimate 3D D Index of /publicati/b: 7 Prototyping @ Additive manufacturi ‘ Print Quality Trouble:  GC Log in ﬂ‘ 3D Printed metamate Filme TED »
Germany. ”
Yy ¥ 11 & 4 L
o o . i Downloads Likes Comments

And this is my topology-optimized design of a shelf bracket. It is strong enough to

carry up to 50 kg (110 Ibs) per part while printed with ABS-M30 (according to FEA

simulations). It is easy to print as you can see on the picture (buildt with my home .

printer, PLA). It can carry shelves with a depth of about 7-10 in (170-250 mm). The

Uploaded: March 7th, 2017
idea was to give a futuristic-looking bionical design to a common thing and which K

Softwares: STL, STEP / IGES, Rendering

can only be produced using additive manufacturing. Categories: 3D printing

Show less... Tags: extremeredesignengineeringp
4 »
Files (5)
& 4 Likes
Shelf Bracket / m h
b Shelf Bracket 2.stl stl March 7th, 2017
W DsC_0003)PG j March 7th, 2017 " .
l 00034 Jpe More by Christopher View all
Q Shelf Bracket.stp stp March 7th, 2017 Tengkey
V untitled.17.jpg jpg March 7th, 2017 - a I wish this page...
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Examples — Pinshape

e Step 1: Access Pinshape and search a model: “3D watch” —
for example

<« C | @ Secure | https//pinshape.com

| g ®

GC Login 4 3D Printed metamate. Filme  TED »

# Prototyping ) Additive manufactur  #8 Print Quality Trouble:

COMMUNITY ~ BROWSE DESIGNS 3D PRINTERS “ LOGIN

Fitness | G Google [3 Ultimate3D [3 Index of /publicatii/b

e TheGoofy P2 2 2 2 4 e TheGoofy 14422 4 e TheGoofy e TheGoofy
Yet ANOTHER Machine Vise 3D printed mechanical Clock w.. 3D-printed Watch with Tourbil... Keychain Laimer Tourbillon (no..
35 22 0 39 11, 8 41 10 4 (o}
< & Secure | https:/pi 12-3d-printed-3d-printed-watch-with-tourbill *| gy &
3 Avps [ P Nies Rohoo @3VouTube M Gral (| Fess I G Google [) Utimated [} idexof/publcatih. & Potoyping ) Addive manutacu 8 Pk Qully Toubles G Login f 30 Priied metamate [ Fime [ TeD >

COMMUNITY~  BROWSEDESIGNS 3D PRINTERS “ LOGIN

@ Attribution

[™ Report this design

pinshape (o

Get Involved In Our Passionate 3D Printing Co

Forums Blog

Downloaded this Design recently?

Drag & Drop A Photoor
Click To Browse

< Share

f ¥ G ¢

Co-funded by the
Erasmus+ Programme
of the European Union

2016-1-RO01-KA202-024578




Examples — Pinshape

* Step 2: Access information on how to 3D print the

components and to assembled them. This are presented as
text and/or using videos.

(5 c ‘ @ Secure | https:/pinshape.com/items/30212-3d-printed-3d-printed-watch-with-tourbillon ﬁ‘ 0 B

£ Apps Favorites [ Yahoo @ YouTube I Gmail Fitness | G Google [ Ultimate3D [3 Index of /publicati/bi & Prototyping 41 Additive manufacturii  BJ# Print Quality Troubles  GC Log in & 3D Printed metamate

Filme TED »

Oplnshope Q COMMUNITY~  BROWSEDESIGNS 3D PRINTERS “ LOGIN

https://youtu.be/Go8woPGOggg

Assembly:

https://youtu.be/XiZAEaES2Ng

https:/jig.space/view?jig=728 (Thanks to http://www.thingiverse.com/greenlig)
Assembly Time Lapse:

https://youtu.be/s3p25T6YIQc

Autodesk Fusion 360 Design: http://a360.co/1S4wp4W (all parts assembled) http:/a360.co/1KUNz3g (main spring relaxed) Many thanks
to Nicholas Manousos for his great article in HODINKEE explaining the importance of my project from a watchmakers perspective. His first
3d-printed Tourbillon 1000% was also a source of inspiration for my work.

Print Settings Printer Brand: Ultimaker Printer: Ultimaker 2 Rafts: No Supports: No Resolution: Normal (cura defaults) Infill: 30% Notes: 0.4
mm Nozzle

Only the Pawl Unlock Key needs to be printed with support.

Hairspring, Anchor, Escapement Wheel, and some gears were printed with high resolution (0.06mm layer, 0.8mm shell). All other parts are
printed with normal resolution (0.1mm layer, 0.8mm shell).

The infill of the anchor is 80% in order to have a better balanced center of gravity (rest has 30% infill).

For the case | used PETG (slightly bendable, shock absorbing), and the gears are printed with PLA (harder and less friction). In colours: black
and yellow parts are PETG, orange and red parts are PLA.

2016-1-RO01-KA202-024578
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Examples — Pinshape

e Step 3: Download and extract each component of the 3D
watch

& \ @ Secure | https://pinshape.com/items/30212-3d-printed-3d-printed-watch-with-tourbillon ﬂr\ G &

Apps | Favorites [l Yahoo (B YouTube M Gmail | fitness | G Google [3 Ultimate3D [} Index of /publicatii/bi < Prototyping 4) Additive manufacturic  #§ Print Quality Trouble:  GC Login iy 3D Printed metamate Fime | TED »

piﬂShOpe Q COMMUNITY~  BROWSEDESIGNS 3D PRINTERS “ LOGIN

Instructions Watch this video, if you like to understand, how the watch is constructed. These are all the Parts needed. 51 downloadable and

printable, and some Pins and Screws.

Part List: ¢« @ ‘ @ Secure | https://pinshape.com/items/302 12-3d-printed-3d-printed-watch-with-tourbillon
Apps Favorites | Yahoo @ YouTube ™M B 3d-printed-watch-with-tourbillon-by-thegoofy.zip - WinRAR = O x

File Commands Tools Favorites Options Help

pinshape (o 9 § Q’@' ﬂa :H' ﬁ

Add  ExtractTo  Test View  Delete ind  Wizard Info VirusScan Comment  SFX

1 Pin, Diameter 1.5 mm, Length 55.5 mm (tourbillon axis)

1 Pin, Diameter 1.5 mm, Length 12 mm (anchor axis)

1 Pin, Diameter 1.5 mm, Length 8.5 mm (planet gear axis)

3 Pins, Diameter 2 mm, Length 57 mm (axis for pinions for minutes and hours

o 6 Pins, Diameter 2 mm, Length 22 mm (axis for basic transmission) v Designed by TheGoofy 63| ‘ “ 3d-printed-watch-with-tourbillon-by-theg: ip - ZIP archive, unpacked size 30,201,936 bytes o
* 1Pin, Diameter 2 mm, Length 15 mm (attachment main spring) Name - Size Packed Type Modified CRC32 ~ four own 3D printer.
* 1Pin, Diameter 3 mm, Length 22.5 mm (axis for main spring) n File fo!
« 1 Pin. Diameter 3 Length 31 mrm (axis in pinion) *+ CaseBasePlatestl 1321784 366,037 STLFile 3/6/2017 6... 19494,
P ——— LS AACUUETLGILEY *$+CaseCenterPlatestl 966,884 315129 STLFile 3/6/2017 6...  CBFAC.
* 3Washers, Diameter 3 mm (main spring, pinion) #$+CaseFaceTicks.stl 194884 42,769 STLFile 3/6/2017 6.  T94ETE.

aseHookstl 516284 209,663 STLFile 3/6/2017 ..  97F102..
aseHoursWheelBearing.stl 200,084 54,437 STLFile 3/6/2017 6... 4D9D6...

6 Washers, Diameter 2 mm (transmission)
5 Washers, Diameter 1.5 mm (tourbillon, escapement)

N 4. CaseMinutesWheelBearing.stl 244684 61,827 STLFile 3/6/2017 6. EDGSO,
* 5Screws, Diameter 1.8 mm, Length 6.5 mm (ratchet pawls) “#+CaseTourbillonBearingFrontsti 326084 91431 STLFile 3/6/2017 6. 412802. -
e 5Screws, Diameter 1.5 mm, Length 5 mm (going barrel) #3+CaseTourbillonBearingFrontV st 302484 93,659 STLFile 3/6/2017 6... 47EDB..
o 4Screws, Diameter 1.5 mm, Length 10 mm (base plate) - Chainlinksst 263484 56650 STLFile 3/6/2017 6... 61825E...

hainRings.stl 256,284 72,445 STLFile 3/6/2017 6... EF0486...
* GearsHoursA1.stl 721284 165,726 STLFile 3/6/2017 6:..  F599CS.

earsHoursA2.stl 710484 145718 STLFile 3/6/2017 6... 626807

'+ GearsHoursA3_Clamp.stl 314,084 67,907 STL File 3/6/2017 6... TBFB9T.
earsHoursB.stl 646284 177,680 STLFile 3/6/2017 6:.. 798623,
earsHoursC.stl 596,384 146,887 STLFile 3/6/2017 6. DCI2E..
» GearsHoursD.stl 502,884 112,803 STLFile 3/6/2017 6:.. 600E84.

larger pieces - there is some "meet" which can be drilled out. E
searsHoursE1.stl 778884 161,258 STLFile 3/6/2017 6:.. AOQ9DF...

4 Screws, Diameter 1.8 mm, Length 12 mm (clock face)

3 Screws, Diameter 1.5 mm, Length 10 mm (tourbillon cage)

Small holes are usually not very accurately printed. Use a drill to smooth the inne

with very little friction, and very little play. If you don't find pins or screws with tt

2+ GearsHoursE2.stl 247284 40,985 STLFile 3/6/2017 6: 701D4. br 1
searsHoursF.stl 860,384 278,954 STLFile 3/6/2017 6... 95A8D. ;
earsHoursHand stl 26,984 6,782 STLFile 3/6/2017 6:.. F84AC. v !

S-a Total 30,201,936 bytes in 54 files [ ——

< Share

f ¥ G @ Q.

| showall | x

BB 3d-printed-watch-
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Examples — Yeggi

* Yeggi repository gathers STL models (over 60000) from
different repositories

| @ B

TED [T§ How to make a VR ap » Other bookmarks

(= c | @ www.yeggi.com
52 Apps Favorites Yahoo [ YouTube [ Gmail

.
geggl printable 3d models » search now! o -.-:

Fitness | G Google [4 Ultimate3D & Prototyping &) Additive manufacturic  §§ Print Quality Troubles  GC Log in Filme

Search Engine for 3D printable Models

Our Index contains 1,054,001 3D Models - worldwide  Last 24 hours 1,210 new - 3,318 update checks

try: overwatch skyrim deadpool drone spinner fidget dragon iron man sega raspberry » more » » popular» » random »

3D Model Selections - most searched and clicked Advertising

prntnow

Tags Carrera Go 1:43 Slotcar Tags BMW E46 Kidney Grill Tags BMW M5 2012 Tags Cap For BMW r 1200 GS Tags BMW Cup holder can size
K50 cable tidy and pen holder

BMW X3 Chassis with slide. Clip Replacement

Click here for more

bmw
3D models

Privacy Policy -

Co-funded by the
Erasmus+ Programme
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Examples — Yeggi

» Step 1: Search the database using a key word, example:
“spinner”. Depending selected model, the platform is
redirecting user to a specific repository (Minifactory, as

\
&« (& ‘ @ www.yeggi.com/q/spinner/

£ Apps

Favorites Vahoc & YouTube ™M Gmail Fitness | G Google [3 Ultimate 3D

]
7| @y B
% Prototyping ) Additive manufacturi B Print Quality Trouble:  GC Log in

Filme TED u How to make a VR ap » Other bookmarks
. | =
g E ggl spinner search» (s

Search Engine for 3D printable Models
Your Search for "spinner” - 1,919 printable 3D Models

Just click on the icons, download the file(s) and print them on your 3D printer

try: gun spinner arduino iphone 7 rc prusa i4 sunkokey chess » more» » popular» »random »

Advertising

—— DGETSPINNER

el e ) et [ it for sl
Tags Fidget Spinner - One-
Piece-Print / No Bearings Re...

| _castoist | puntow [l eddtorst | printnow |
Tags Marble Spinner Art deco Tags DLESS5 gas engine
style spinner

.
(st [ oo [l st pminow

Little cute marble spinner

Tags Asymmetric Balanced
Fidget Spinner: Penny, Nickel..

; &% 5
To offer you best user experience, this site uses cookies. By using this website you agree.

close message|

Privacy Policy

2016-1-RO01-KA202-024578
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Examples — Yeggi

e Step 2: Depending selected model, the platform is
redirecting user to a specific repository (Minifactory, as
example) from where the model can be downloaded.

c ‘ @ Secure | https://www.myminifactory.com/object/adjustable-coin-weighted-fidget-spinner-36467 g;v‘ OII | T H
Tube ™ Gmail Fitness | G Google [ Ultimate3D < Prototyping ) Additive manufacturi  §J§ Print Quality Troubles  GC Log in Filme TED [T Howtomakea VR a er bo

Adjustable Coin
Weighted Fidget
Spinner

To download allLib Teesq e button below

Download this object

WEIGHTED / PRINTED

2016-1-RO01-KA202-024578
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Examples — STL Finder

e STL Finder is a search engine for STL models.
The search can be performed using keywords or by

categories.
* Use Filters to establish the repository database

%G8

& C | © wwwstlfindercom
5 Apps. Favorites N Yahoo (B YouTube I Gmail Fitness | G Google [} Ultimate3D [3 Index of /publicatii/b: & Prototyping ) Additive manufacturi: i} Print Quality Tioublosmstmrog-nmgiiudD Printed metamate Filme TED »
e FFiNder Q sescniorsdmodes. e @

20O Finder

The search engine for 3d models
Q Ssearch for 3d models. w

Search free 3d models from the major repositories in Internet.
3d models for 3d printing available for download.
Get professional 3d models for your 3d design projects.

Featured 3d models searches
ufo lion good mythical morning board games
trex toys macbook rubik's cube
pikachu mario ikea fallout 4
mcmaster carr dolphin spiderman skull
minions funny ps4 millennium falcon
3d printer zelda galaxy s6 hearthstone reddit
lenny face 9gag batman vs superman dungeons and dragons
sailor moon pac-man xbox 360 dreambox

Co-funded by the
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Examples — STL Finder

e Step 1: Search by keywords: “mobile support”.
* Step 2: Selecting one model redirects the user to
Thingiverse repository

- c ‘ ® wwwistlfinder.com/?search=mobile%20support&params=IFRoaW5naXZlcnNIIEdy YWJjYWQgU2hhcGV3YXIzIFRocmVIZGluZyBNeW1pbmImYWNOb3J5IFlvdW 1hZ2luZSBUdXJib3NxdWIkIEN 1bHRzM2QgQ2d0cmF #.‘{‘ 0 ]

52 Apps Favorites [ Vahoo DM YouTube M Gmail Fitness | G Google [Y Ulimate3D [ Index of /publicatii/b: & Prototyping &) Additive manufactur:  §J§ Print Quality Trouble:  GC Log in 4" 3D Printed metamate Filme TED »

<0 Finder Q [mobile support

2

[ Index of /publicatii/b: > Prototyping ) Additive manufacturi  §J§i Print Quality Trouble

Mobile Support .
Mobile phone support
grabcad
Mobile support. Futaba Mobile Support Support mobile
* I've uploaded again because GrabCAD is This support allows you to keep the phone -
having some troubles with the "old" files. hingiverse shapeways in-a filed posilion:-wihout ssing hands Mobile Phone support heart
Mobile support for Futaba RC. Maximum Support de couverture de piscine, pour un version
16} e O < B thickness 10mm___Compatible with modele qui nexiste plus dans le &) © VO <L @&
0 likes 5views 0 share. free smartphone and tablet commerce 0 likes 1 views 0 share free
This is @ "heart" version of support for
bile phone :) The model "extend.stp" is
B o Q B e QO < mol n
0likes 3 views 0 :i g Olikes ~ 2views 0 share pay(?em the source for rear support that can be

modified, to adapt the dimension for
various mobile phones

B e QO <K &

Olikes. 0views 0 share free

Mobile Phone support heart b dile

version thingivers a
Here a simple support for phone, in the SHARE OWNLOAD
. t se picture show the mobile BQ Aquaris X5 but (é { i i
hean\ iﬁ[s\grj?filfpli‘zlltfof . Premier support mobile you can put others phones with maximum X

SummaryPremier support mobile
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Examples — Zortrax Library

e Zortrax library requires an user account.
* Models on Zortrax Library are included in categories,
editors choices being also available on the front page

ibrary.zortrax.cor W LU
orites [Nl Yahoo (B YouTube P Gmail Fitness | G Google [3 Ultimate3D [ Indexof /publicatii/b: & Prototyping 4 Additive manufacturi 88 Print Quality Trouble: 4 3D Printed metamat

ZORTRAX ONLINE STORE  ZORTRAX.COM SIGNIN

Search

Discover

Zortrax Library
Download Modular Arm Model \\

Learn more

EXPLORE THE 30 woRLDs #Zortrax, #design, #contest2015

Editors Choice

2016-1-RO01-KA202-024578
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Examples — Zortrax Library

* [nformation on the number of visualizations, comments and
number of downloads for each model is presented on
website.

¢ - ¢ o x| Q& :

5% Apps Favorites Yahoo (B YouTube [ Gmail Fitness | Google [ Ultimate3D [3 Index of /publicatii/b & Prototyping ) Additive manufacturic W Print Quality Troubles g4 3D Printed metamate Filme TED »
1 Art & Design B
i Automotives
Aviation
-
O oy Engineerin
& o
+9 Fashion & Accessories
L4 L 4 L 4
>
A o ] Games & Cosplay
e — el Household Cbjects

Cube puzzle Dice Water Tower By NIX DICE Puzzle game Robotics
by Joel77 by NIXA B by Joel77 Zortrax Parts

@ Views 2161 @ Views 4311 @ Views 1919

Q Comments 1 Q Comments 1 Q Comments o

ojects from:
£ Downloads 119 £ Downloads 560 &P Downloads 116 5
¥ ¥ + y -
Educational

Games & Cosplay Games & Cosplay Games & Cosplay Games & Cosplay

Range of fine projects for various needs

= FASHION & GAMES & HOUSEHOLD
ARCHITECTURE ART & DESIGN AUTOMOTIVES AVIATION EDUCATION ENGINEERING MEDICINE ROBOTICS ZORTRAX PARTS

2016-1-RO01-KA202-024578
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Examples — Zortrax Library

e Search by word: “cube” —> Select “Folding Cube” model —>
Press Download project

(5 (&) ‘ @® library.zortrax.com/project/folding-cube/ }'}" OII B
i Apps Favorites [N Yahoo (@ YouTube M Gmail Fitness | & Google [Y Ultimate 3D [Y Index of fpublicatii/b: & Prototyping ) Additive manufacturi  #J§ Print Quality Troubles &' 3D Printed metamate Filme TED »
Folding Cube v ~
by kbaransel 7 October 2015 in Education
@ Q & kbaransel
857 (o] 162
C;ﬁ Download Project @1 ’CR o
Contact Me
ABOUT
Tags User hasn't filled out personal information.

#contest2015
More by kbaransel

There is no more projects to display.

2016-1-RO01-KA202-024578
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Examples — CGTrade

 CGTrade platform allows selecting free or paid models, the
model format (STL in this case), 3D Print, Collection etc.
 Downloading a model requires creating an user account

|Gy &

“ Prototyping @ Additive manufacturi ‘ Print Quality Trouble:  GC Log in 'ﬁ' 3D Printed metamate Filme TED »

< c ‘ @ Secure | https://www.cgtrader.com/free-3d-models
Favorites Yahoo D YouTube P Gmail Fitness | G Google [ Ultimate 3D [ Index of /publicatii/b

£ Apps

This site uses cookies - they help us provide you with a better online experience. By using our website you accept that we may store and access cookies on your device. . " Accept

cg‘trade-r 3D models v VR / Low-poly models 3D Jobs Join Community $ > ! &

Free 3D models
Free 3D models available for download from car to human 3D assets. Available in number of frle formats |nclud|ng MAX OBJ, FBX, 3DS, STL, C4D, BLEND, MA, MB. Find professional 3D models for

R), augmented reality (AR), games, 3D architectyse

any 3D design projects like virtual pee

Animated Rigged Collection Lojalty Discounts BestMatch ¥

Poly count ¥ Low-poly 3D Pri

Price O Free

X Reset filters

Judy Hopps Free Rig Free Brain Anatomy $99.00

$39.00 Low Poly Pirate Landscapes Free Robocop2 movie Cain action figure $148.00
obj, fbx, 3ds, ma, mb and more max, obj, fbx, 3ds, mtl and more

SimplePoly Urban - Low Poly Assets

—_ ] T e el
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Examples — CGTrade

* Stepl: Create user account

e Step 2: Search and download object: “pencil box” —as an
example.

& C| @ Secure | hitps//www.cgtrader.com/free-3d-print-models/gadgets/office/12-pencil-pot Y| Qg E

pps | Favorites N Yahoo @3 YouTube M Gmail | Fitness | G Google [ Ultimate2D [3 Index of /publicati/b: & Prototyping ) Additive manufacturic  #J8 Print Quality Troubles  GC Login 4 2D Printed metamate Filme | TED »

This site uses cookies - they help us provide you with a better online experience. By using our website you accept that we may store and access cookies on your device. + Accept

cgtrader 2n models v ow-poly models 3D Jo Jo y 55

C' | @& Secure | hitps;//www.cgtrader.com/free-3d-print-models/gadgets/office/12-pencil-pot * | On L}

D Printed metamate Filme TED »

Apps  Favorites Nl Yahoo @B YouTube M Gmail . Fitness | G Google [ Ultimate3D [3 Index of /publicati/b: & Prototyping ) Additive manufacturi 88 Print Quality Troubles  GC Log in

stl B st stl st B st

I st

12 Pencil Pot free 3D print model

SimilarModlels 12 Pencil Pot Free 3D print model

10 12 Pencil Pot

4 4 8 e
il
. & Author: @ rormsyte
4 A7 Buyer ratings: 19 positive / 3 negative
[ License: Royalty Free License
Rocket Pencil Extender $5.00 Step by step Desk Organizer $5.00 Daily Ma & Designer response: 100% in 4.5h
stl stl stl

(® Questions? Ask for product support

> Available formats

12 Pencil Pot Free 3D print model

Stereolithography (.stl) 58.7KB
4
<
1 = QOO0
A Issues? Report this model
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Check and correct STL files using
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Aim and Learning Outcomes

Module Aim: To equip students with understanding of using
dedicated software for checking and correcting
STL models

Number of Hours: 3hrs

Learning outcomes: e Acquiring knowledge about Netfabb,
MeshlLab, MiniMagics software solutions

* Acquiring knowledge on using automated
tools/commands for checking and correcting
STL models

* Acquiring knowledge on using manual
tools/commands for correcting STL models

2016-1-RO01-KA202-024578 Co-funded by the
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Lecture Outline

e STL models analysis and repair

e Software solutions for STL models analysis and repair:
 Examples: Netfabb, MeshLab, Materialise 3DPrint Cloud
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STL models analysis and
repalr
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STL models analysis and repair

Main type of STL models
errors:

* Missing triangles

* Inverted normals

* Non connected edges
 Bad edges

Co-funded by the
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STL models analysis and repair

* Analysis and, if necessary, repair of STL models are steps to
be performed before sending the STL file to the 3D printer

 Dedicated software solutions are used for STL checking and
repair

* STL model repair can be performed automatically or manually

2016-1-RO01-KA202-024578 T Co-funded by the
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Software solutions for STL
models analysis and repair

2016-1-RO01-KA202-024578




Software for STL models - Netfabb

* Netfabb software, www.netfabb.com

* Free version options:
* Tools for manually or automated STL checking and
repair
* Tools for measuring model walls thickness
* Tools for cutting the models

 Automated STL repair options solve many of the usual
problems of this type of file (holes, inverted normal, bad edges,
etc.)

Co-funded by the
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Software for STL models - Netfabb

Import and export formats in Netfabb

netfabb project files

Slice files
Surface-Tesselation-Language Files (*.stl)
Extensible 20 ASCI-Files (*23d)
Extensible 20 Binary-Files (*23db]
205 Files (*.3ds)

Gnu Tesselated Surface Files (*.gts)
Stanford Polygon Format (%.ply)
Additive Manufacturing Files (*.arnf)
FIT Projects

FITList=

netfabb Compressed Mesh (*.ncm)
WawveFront OBJ Files (*.obj)

Metfabb Fabbing Lists (*.fabblist)

5LI Files

CLI Files

CLS Files

5LC Files

Uniwversal Slice File (*.LUISF)
CLF Files

S5LM Files

ABF Files

Stratasys layer files (*.551)
5-Code Files

ASCIH GCode files (*.GCD)
Raphlan Files

Binary G-Code files (*.BGC)
netfabb net project files
All files

2016-1-RO01-KA202-024578

_F'mjecl_ Edrl fParl Extras View Settings Help Upgrade “‘_"f‘f,!_

B &

"

&=

i

S TRl 9D KT 58

-

Add

Remove

Export Part

Duplicate

Rename

Change Color

Mave
Rotate
Scale

Put Part on Platform

Invert Part

Mirrer

Align Parts

Merge selected parts (Pro)
Shells to parts (Pro)
Convert Units

Shift+Ctrl+M

Shift+ Ctrl+R
Shift+Ctrl+5

Ctrl+Down

& 906 O [§]:

as 3MF

as 5TL

as STL [ASCI)

as Color 5TL

as GTS

as AMF

as X300

as 3DB

as 305

as Compressed Mesh
as Wavefront OBJ
as PLY

as VRML

ac Slice

Export to Autodesk Spark [Beta]
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Software for STL models - Netfabb

* Opening an existing STL model:
* Project—> Open (or Ctrl+0O)
* Project - Add part
* Drag-and-drop model in application

i === netfabb Basic 74 - BRACKET_PRINTED.fabbproject

Project Edit Part Extras View Settings Help Upgrade now!

|| New

r a4 Open

@ AddPart

@ File Preview Browser

m Save as

& Print Screenshot
@5 Configure Printer...

Ctrl+N
Ctrl+0

Ctrl+5S

Q Split large STL file... (Pro)
Q Autodesk Spark [Beta)

(1 000@0 QA +@ =v

(%) Exit

2016-1-RO01-KA202-024578
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Software for STL models - Netfabb

* A hand model, which can be used as mobile phone support, is
used for explaining analysis and automatic repair options in
Netfabb

- G-
¢ I
Repair

Analyze

New test FH

Model
volume is
not

v calculated
because of
the holes in
the model.
Model
dimensions
on x, Yy, Z axis
5 are shown

Measure

Project tree

Graphic area/
Platform
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Software for STL models - Netfabb

* The exclamation mark means the model contains errors.

e A standard analysis is performed.

rH rrtabits Badis T4 - P migiing Bangli Sboimes] = o W
Ivmnmmm“mmmwmw

*aed 000080 59080t vpaed- Fa-=v

DR, |

f
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Software for STL models - Netfabb

* Analysis results shows that the surface is orientable, but it is
not closed.

e Standard analysis operation is shown also in Project Tree.

|

(100%) Hand_missing_triangles - HandGS\
i ® |

o |

e (QOther available information:

el pako)

- Number of holes
- Flipped Triangles
- Bad Edges

- Number of points

- Number of triangles

- Number of edges, etc.
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Software for STL models - Netfabb

* The zone with missing triangles is shown in yellow when
activating Repair option (red cross sign).

e Automatic Repair is applied with sub-option Default Repair.
Then Apply Repair and Remove Old parts.

|
IPme Edit Repair MeshEdit View Settings Help Uy

ra0B® HO0O0O008D dqo.4cneaa4¢4|4«4®--«

als
i = @ % (100%) Hand_missing_triangles - Hant
i = @ Part Analysis
Standard is
* part R
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Software for STL models - Netfabb

* The results of Repair option is shown. A new test analysis
should be performed for checking if the STL model is closed.

e Then the model can be saved and used for 3D printing:
Project - Save, Project - Save As or Export Part - STL.

2% netfabb Basic 7.4 - Hand_missing_riangles fabbproject
Inm,m Edt Pat Btis View Seftings Help Upgn

'AOD B0O00080 29080 F L] rba@d +a@-=v

2016-1-RO01-KA202-024578
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Software for STL models - Netfabb

A bracket model is used for illustrating the manual repair
options in Netfabb

2= netfabb Basic 7.4 - BRACKET_PRINTED fabbproject - o X

1 -2 netfabb Basic 7.4 - BRACKET PRINTED [ ===, [0 “ormemee

152 R o IR 2
. . 8 100%) BRACKET_PRINTED - BRACKET.
% Automatic Repair i H bop-di ,,’“,,,,, " ®
I Apply Regiois | - @ standard ﬁsu @
Slices &

S Close Trivial Holes

85 Close all Holes

B stitch Trangles

" Detect Self-Intersections

y Split off self-intersections (Pro)
Remove self-intersections (Pro)

g Wrap part surface (Pro)

6 Remove Selected Triangles
6 Flip Selected Triangles
@ Fix Flipped Triangles

BN spiit Non-Oriented Edges
% Remove Double Triangles
n® Remove Degenerate Faces

§
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Software for STL models - Netfabb

e STL model after Automatic Repair is shown.

 Manual operations are used for deleting triangles. Triangle

are selected (Select triangle option) and then erased (Delete
key).

22 netfabb Basic 7.4 - BRACKET_PRINTED fabbproject

Project Edit Repsir MeshEdt View Settings Help de now!

*AHOD 00000 040.1.1/0!\\4@%444“«4« g =v
[ 09:50:18 ] could not connect (10061

% Parts -
i ® @ (100%) BRACKET_PRINTED - BRACKET BR
Select triangles adqd triangles Add nodes 3 8 d;maiz:::ww 4

2016-1-RO01-KA202-024578
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Software for STL models - Netfabb

* Imagines of different steps of Manual repair: selecting
triangles, deleting triangles
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Software for STL models - Netfabb

Hands-on session (45 minutes)

- Download a STL model from a repository

- Check the STL model using Netfabb

- If the STL model is correct, exported as STL ASCII

- Open STL ASCI!I file using Notepad and erase several triangles,
modify vertex coordinates and/or normals orientation

- Save the STL file thus modified
- Open the new STL file in Netfabb and repair it.
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Software for STL models - Meshlab

 MeshLab, www.meshlab.net — solution for inspecting, editing,
cleaning, healing, inspecting, rendering, texturing and
converting meshes, including STL models.

&« C | ® www.meshlab.net #| O &
i Apps  Favorites |l vahoo @B VouTube ™M Gmail | Fitness | G Google [Y) Ultimate3D [3 Index of /publicatiift Prototyping  €) Additive manufacturi )8 Print Quality Trouble:  GC Login it 3D Printed metamate Filme | TED »

o e e e |
the open source system for processing and editing 3D triangular meshes.
M es h La b It provides a set of tools for editing, cleaning, healing, inspecting,

rendering, texturing and converting meshes. It offers features for
processing raw data produced by 3D digitization tools/devices and for preparing models for 3D printing.
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Software for STL models - Meshlab

 MeshlLab import and export file formats

@ MeshLab 2016.12
4 @ Import Mesh X ok ﬁ ‘§ ® x X *
“« v A > ThisPC > Windows (C) > De_sters ~ U] Search De sters r
Organize ~ New folder =- O @
Screenshots e o
-
& onediive re, g
& -
= This PC @ Save "Hand_missing_trianglesst” Layer 2 X
m Desktop Hand_missing_tri Hand_SUPERfinal Micro_Catapult v Nonlethal_Door_ Tookin | e e oo 2 EE
& Documents angles.stl - Defaultstl 1.1.5TL Stop_Multitool - . —
Nonlethal_Door_ - ™ My Computer||  Name Size Date Modified
S — = Select a file to
o Stop_Multitool ... preview. 2 Diana Alex 3/7/20..:23 PM
& Music Catalin 3/5/20...38 PM
k. Pictures EPS 3/2/2..05 AM
= =) IEEE 3/8/20...57 PM
E Videos Radu 3/6/2...00 AM
» o Robot cu effector Fil..der 3/15/..03 AM
Windowsi() *F+ Hand_missing_triangles.stl 17.MB stiFile  3/28/2..07PM
= RECOVERY (D) MNonlethal_Door_ star_ornament_02
w Stop_Multitool.stl (repaired).stl
File name: v
3D-Studio File Format ( *.3ds) File name:  |[Hand_missing_triangles.stl
Stanford Polygon File Format ( *.ply)

STL File Format ( *stl) Files of type: [Stanford Polygon File Format ( *.ply)
Alias Wavefront Object ( *.obj) All known formats ( =.3ds =.ply =....m *.xyz *.json *.u3d *.idtf *.3d)
it 30-Studio File Format { =.3ds)
Quad Object ( *.qobj) Stanford Polygon File Format ( =.ply)
Object File Format { *.off) STL File Format { *.stl)
x Alias Wavefront Object { *.obj)
EETE “”"75‘ {00 _— Object File Format ( =.off)
VCG Dump File Format ( *vmi) VRML File Format ( = vurl)
Breuckmann File Format ( *bre) DX‘T Z“E F‘W“ﬂt ( ’(M)d 5
. " Collada File Format ( *.dae
Collada File Formati(%dae) OpenCTM compressed format  *.ctm)
OpenCTM compressed format { *.ctm)
Expe's point set (binary) ( *.pts)
Expe's point set (ascii) ( *.apts)
XYZ Point Cloud (with or without normal) ( *xyz)
Protein Data Bank ( *.pdb)
TRI (photogrammetric reconstructions) ( *tri)
ASC (ascii triplets of points) { *.asc)
TXT (Generic ASCII point list) { *bxt)
X3D File Format - XML encoding ( *x3d)
X3D File Farmat - VRML encoding ( *x3dv)
VRML 2.0 File Format { *wrl)
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Software for STL models - Meshlab

 Meshlab, interface explained

& Meshlab 201612 - [Project_1] = o 3
@ File Edit Filters Render View Windows Tools Help
NEeceomEs TIAIIN 8% SO - T /M ETRATEED X XX

5 0 Hand_missing_triangles ©7 - @1 DL |
Measuring  Vertex Deletions
tool selections

Harsd_migsing_triangles. st

e | nQ
Shading Vert Face Mome
Color Megh | User-Def
Back-Face Single Double  Fancy  Cull

apply to &l vesible layers ||
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Software for STL models - Meshlab

 Meshlab editing options .

@ Meshlab 2016.12 - [Project_1]
® File Edit Filters

D

MeshlLab cleaning options

'016.12 - [Project_1]

Render View Windows Tools Help Filters Render View Windows Tools Help

Not editing Esc | Apply filter Cirl+P

g 200 -e /B

Show current filter script

BE& rH®

s
s

o

o &

Align
7 3
Arc3D Importer Sel_ec_t_lén_ S
) Cleaning and Repairing b Compact faces
Manipulators Tool .
Create New Mesh Layer b Compact vertices

Measuring Tool
Raster alignment
Z-painting

PickPoints

Select Vertex Clusters

Select Vertexes on a Plane

Remeshing, Simplification and Reconstruction
Polygonal and Quad Mesh

Color Creation and Processing

Smoaothing, Fairing and Deformation

Quality Measure and Computations

Mormals, Curvatures and Orientation

Merge Close Vertices

Remove Duplicate Faces

Remove Duplicate Vertices

Remove Faces from Non Manifold Edges
Remove lsolated Folded Faces by Edge Flip
Remove lsolated pieces (wrt Diameter)

& Mesh Layer b Remove Isolated pieces (wrt Face Num.)
& Quality Mapper Raster Layer b Remove T-Vertices by Edge Collapse
¥ Reference scene Range Map ! Remove T-Vertices by Edge Flip
" Select Vertexes Point Set b Remove Unreferenced Vertices
. . Sampling / R Verti rt Quali
& Select Faces in a rectagular region cMmoxe Verces wit Quislity

i ] ) Texture / Remove Zero Area Faces
& Select Connected Components in a region i »

Get Info

Select Self Intersecting Faces

Select non Manifold Edges

Select non Manifold Vertices

Simplfication: MC Edge Collapse

Snap Mismatched Borders

Split Vertexes Incident on Non Manifold Faces

Alt+”

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




Software for STL models - Meshlab

 Making errors visible in the hand support model example

@ MeshLab 201612 - [Project_1]
@ File Edit Filters Render View Windows Tools Help

DN@evcemeaa T8I0 a5 SO -e /M ETERITR®ED XX

|+ 0 Hand_missing_triangles 01 22 @1 @@ |

Hand_missing_triangles.stl

el ] I Q
Boundary Edges on O
Boundary Faces on Off
Bio-Manif Verts On Off
Mo-Manif Edges On Off
Texture Border on Off

apply to all visible layers
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Software for STL models - Meshlab

* Accesing: Remeshing, Simplification and Reconstruction for
repairing the defects in the hand support model

& MeshLab 2016.12 - [Project_1] - X
® File Edit Filters Render View Windows Tools Help

D @ i Apply filter Ctrl+P ﬁ ?_'? ,_} ®. )_ @ "f [ . J'"%‘ (?f;g E Em*‘

Show current filter script

TEEO X XX

Boundary

Selection Y

Ba Cleaning and Repairing & Alpha Complex/Shape

Create New Mesh Layer Y Build a Polyline with NonFaux Edges
implifi and cti L CSG Operation

Polygonal and Quad Mesh L Close Holes
Color Creation and Processing L Convex Hull
Smoothing, Fairing and Deformation L Crease Marking with NonFaux Edges
Quality Measure and Computations Y Curvature flipping optimization
Normals, Curvatures and Orientation L Cut mesh along crease edges
Mesh Layer b Delaunay Triangulation
Raster Layer Y Generate Scalar Harmonic Field
Range Map b Iso Parametrization Build Atlased Mesh
Point Set > Iso Parametrization Remeshing
Sampling b Iso Parametrization transfer between meshes
Texture Y Iso Parametrization: Main
Camera Marching Cubes (APSS)

Marching Cubes (RIMLS) Hand_missing_triangles.st

Mesh aging and chipping simulation ] i) . ] [<]
Planar flipping
Points Cloud Movement Given a point cloud with normals it reconstructs a surface using the Ball Boundary Edges On Off
Refine User-Defined Pivoting Algorithm Starting with a seed triangle, the BPA algorithm
: pivots a ball of the given radius around the already formed edgesuntil Boundary Faces on | Off
Simplfication: MC Edge Collapse it touches another point, forming another triangle. The process Ho-Manif Verts or
Simplification: Clustering Decimation continues until all reachable edges have been tried.This surface sl o
tion: Quadric Edge Collapse Decin reconstruction algoritm uses the existing points without creating new No-Manif Edges on off
tion: Quadric Edge Collapse Decirf ©nes: Works better with uniformly sampled point clouds. If needed first
) perform a poisson disk subsampling of the point cloud. Texture Border on off
Subd!v!s!ﬂn Sunaces Buttenly Stbdnvision Bernardini F., Mittleman J,, Rushmeier H,, Silva C, Taubin G.
Subdivision Surfaces: Catmull-Clark The ball-pivoting i for surface r i vy sl e e | |
Subdivision Surfaces: LS3 Loop IEEE TVCG 1999
Subdivision Surfaces: Loop
Subdivision Surfaces: Midpoint (filter_ctean.dll) Pponcrl dosh Gl stere”

Hand_missing_triangles stl in 1370 nsec
A1l files opened in 2728 msec
Selected nev Mes)

Selected new Mesh 0

Surface Reconstruction: Ball Pivoting
Surface Reconstruction: VCG

Tri to Quad by 4-8 Subdivision

Tri to Quad by smart triangle pairing
RENDERING Tumn into Quad-Dominant mesh

Turn into a Pure-Triangular mesh
Uniform Mesh Resampling
Vertex Attribute Seam
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Software for STL models - Meshlab

* Applying Surface Reconstruction Ball Pivoting option for filling
the gaps in the model

ey Project_1 & x

> % 0 Hand_missing_triangles

Boundary Faces

76

Hon Manifold Edges

Surface Reconstruction: Ball Pivoting n

Given & point cloud with normals it reconstructs a surface using the Ball Pivoting
Algorithm. Starting with 2 seed triangle, the BPA algorithm pivots @ ball of the
given radius around the already formed edgesunti it tovches another port.
forming another triangle. The process continues until all reachable edges have
been tried. This surface reconstruction algoritm uses the existing points without
creating new ones. Works better with uniformly sampled point clouds If needed
first perform a poisson disk subsampling of the point dloud.

Bernardini F., Mittleman 3., Rushmeier H., Silva C., Taubin G.

The ball-pivoting algorithm for surface reconstruction.

IEEE TVCG 1999

i i Hand_missing_triangles.st

Pivoting Ball radius (0 autoguess) (abs and %) 1000 ] )

Clustering radius (% of ball radius)

y Edges on Off
Angle Threshold (degrees) 90
Boundary F off
[C] pelete intial set of faces undary Faces on
No-Manif Verts on oOff
Default
HNo-Manif Edges on off
Close
Texture Border On Off

apply to all visible layers []

Opened mesh C:-De_sters”
Hand_missing_triangles stl in 1288 nsec
All files ocpened in 2628 msec

MDERING
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Software for STL models - Meshlab

* The result of applying Ball Pivoting surface reconstruction

@+ SO -&e /BT IEED XXX

> [#2 0 Hand_missing_triangles * (7 2 @ | [ @l@)|

Boundary Face

HNon Mznifold Edges

Surface Reconstruction: Ball Pivoting n

Given a point cloud with normals it reconstructs a surface using the Ball Pivoting
Algorithm. Starting with & seed triangle, the BPA algorithm pivats a ball of the
given radivs around the already formed edgesuntil it touches another point,
Forming another triangle. The process continues until afl reachable edges have
been tried. This surface reconstruction algoritm uses the existing points without
creating new ones. Works better with uniformly sampled point clouds, If needed
first perform a poisson disk subsampling of the point cloud.

Bernardini F,, Mittteman J.,, Rushmeier H., Silva C., Taubin G.

The ball-pivoting ithm for surface i

< >

Hand_missing_triangles.st

o B I G

werld unit perc on(0 .. 249.821)

Pivoting Ball radius (0 (abs and %) 1600 B &

Clustering radius (% of ball radius)

Boundary Edges on Off
Angle Threshold (degrees)
Boundary Faces off
[] Delete intial set of faces undary Faces on
No-Manif Verts on Off
Defaut
MNo-Manif Edges on Off
Close
Texture Border on Off

apply to all visible layers [_]

Opened mesh C:/De_sters”
Hand_wissing_triangles.stl in 1288 msec
All files opened in 2628 msec
Reconstructed surface. Added 34 faces
Applied filter Surface Reconstruction: Ball
Pivoting in 441 msec

el T
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Software for STL models - 3DPrintCloud

* MiniMagics, www.materialise.com/en/software/minimagics

* Loading the hand support model in MiniMagics software or in
3DPrint Cloud, https://cloud.materialise.com/

2 MiniMagics

X
D2A® )
® )] v - O Materialise-
7 o st
Scene Part Analyze Repair
| Information page| Modeler Scene| Mlviewpages ________
- || View [Multi-Section | Text | Drawing | Distance |
Visualization
. | Shadeawi
L&, |Bad Edges w
., | Fipp

missing_triang

@5 FGEDNOREE|» Y+ O
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Software for STL models - 3DPrintCloud

* In case of MiniMagics application, repair options are
automatic and they are available in 3DPrintCloud

e User accountis needed
4 Materialise Cloud - - - Demortoolbox  Becomeaportner \v  Tools  [FLEIEIE )

software technology through your browser Login | Register

* Prepare your models for 3D Printing via your web account. Diana

* This toolbox contains all the tools available on the Materialise Cloud API.

* Receive 10 models free of charge. Popescu 1
* Need extra models? Pay per use with our model package deals

diana@mix.mmi.pub.ro

O Ihave o voucher

® By accepting this you agree to our
terms & conditions

Sign up now and you receive
your 10 uploads for FREE
- |

-— T
©® 2017 Materialise Cloud product of materialise About us Terms and conditions
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Software for STL models - 3DPrintCloud

 Hand STL model is uploaded and mm is set as measure unit.
 Model Repair option is then applied

22 Apps Favorites Yahoo @ YouTube [ Gmail Fitness | G Google D Ultimate 3D D Index of /publicatii/b: & Prototyping @ Additive manufacturi ‘ Print Quality Troubles  GC Log in ﬁ 3D Printed metamate Filme TED »

b Diana Popescu /m @
9 UPLOADS BUY MORE : T

Upload New

STL  STL CONVERSION
We are processing

-~ your model
MODEL REPAIR 5 C @ Secure | hitps//cloud.materialise.com/model#/convert-to-stl % |0 B

i1 Apps | Favorites [ Yahoo W YouTube P Gmail | Fitness | G Google [ Uhimate3D [} indexof fpublicativt ' Prototyping 4 Additive manufacturi W Print Quality Trouble:  GC Login 4 3D Printed metamat Fime || TED »

D P . AN
V- 4 8 ulg T?‘ [B)L?Ve:n(k': ik o Download STL
SCALING Order Print Upload New
.STL  STLCONVERSION SCALE:
111.86 x 115.771x 191.037 mm Your file was
[T WALLTHICKNESS ANALYZER e 90520 Triangles ::!;v_trel-rts:z:cessfmly

Some errars were found in your
model

Download converted STL
Go to Repairing

y SCALING

]  PARAMETEREXTRACTION

|0[] WALL THICKNESS ANALYZER

TRIANGLE REDUCTION

PARAMETER EXTRACTION

ﬂ HOLLOWING TRIANGLE REDUCTION

0 wouwowns
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Software for STL models - 3DPrintCloud

* The results of automatically repairing the model

it Apps Favorites [{ Yahoo @ YouTube M Gmail Fithess |- G Google [Y Ultimate 3D [Y Index of fpublicatii/b: % Prototyping 4) Additive manufacturi  J§ Print Quality Trouble

b Diana Popescu VA (4]
8UPLOADS BUY MORE

GC Login 4§ 3D Printed metamate Filme TED »

Order Print Upload New

S

=

L  STL CONVERSION

MODEL REPAIR ' '

SCALING

We are repairing
your model
X Badcontours 27

X Bad edges 93
* Shells 2

Please wait while we repair

srmaan mamadal

Diana Popescu 7 AT
& on w i o Download STL
2 Order Print Upload New

.STL  STLCONVERSION SCALE:

|I[] WALL THICKNESS ANALYZER

7]  PARAMETER EXTRACTION 111.86 x 115.771 x 191.037 mm

54272 Triangles

Your model has
been repaired

o/ MODELREPAR successfully

TRIANGLE REDUCTION + Bad contours 0
* Bad edges (o]
~ Shells 1

& scaLNG

-l

HOLLOWING
= [I[] WALLTHICKNESS ANALYZER

PARAMETER EXTRACTION

TRIANGLE REDUCTION

D HOLLOWING
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Software for STL models - 3DPrintCloud

Scaling

- Wall thickness analysis ~ ~ ™ e e

mensions.
86 x 115.771 x 191.037 mm

Volume
529710.646 mm*

- Triangles reduction e

- Parameter extraction S

#1Apps  Favorices [l vanoo (B YouTube M Gmail Finess | G Google [ Umimate3D [ Indexof fpublicativt Prototyping ) Additve marufactur W Print Quaity Trouble:  GC Login i 30 Printed metama:

No thin walls
detected

mm

2016-1-RO01-KA202-024578
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Software for STL models - 3DPrintCloud

 Hands-on session (15 minutes)

- Using the same model as in first hands-on session, repair the
model with MiniMagics/3DPrint Cloud
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3D print models using online

SEervices
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Aim and Learning Outcomes

Module Aim: To equip students with understanding of on
how to access online service bureaus or
platforms for loading model, estimating 3D
printing costs and placing orders for
manufacturing the desired object

Number of Hours: 3hrs

Learning outcomes: e Knowledge on how to access 3D Printing
online services providers

e Knowledge on how to upload STL model,
select material, 3D Printing process,
machine

e Knowledge on how to evaluate cost,
delivery time and access other information

provided by producers/platforms
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Lecture Outline

* 3D printing online services:
* File formats accepted by 3D printing service providers
* Workflow for using 3D printing online services

* 3D printing using platforms such as: 3DHubs, Sculpteo,
Shapeways, i.Materialise, Ponoko

Co-funded by the
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3D printing online
services
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3D printing online service providers

 Some 3D printing online services providers with instant quotes:

m www.3dhubs.com

Shapeways www.shapeways.com
www.sculpteo.com

WHEWEEH  https://i.materialise.co

m/

Ponoko www.ponoko.com
Protolabs www.protolabs.com
StrataSys www.stratasysdirect.co

Direct m

http://www.quickparts.

3dsystems.com/solutio

ns
BuildParts www.buildparts.com
Make XYZ www.makexyz.com/

2016-1-RO01-KA202-024578

B2C, B2B

B2C, B2B
B2C, B2B

B2C, B2B

B2C, B2B

B2B
B2B

B2B

B2C, B2B

B2C, B2B

FDM, SLS, Sla, Polyjet,

SLS, FDM
FDM, SL, SLS, SLM,
CLIP, Polyjet, DMLS

Thermoplastics,
Metals, Ceramics,
Resins
FDM, SLS, Polyjet
FDM, SL, SLS, DMLS
FDM, SLS, Polyjet,
DMLS, LS
FDM, SL, SLS, Polyjet,
DMLS

FDM, Polyjet, SLA, SLS,
CLIP
FDM, SL

Thermoplastics, Resins, Metals,
Paper
Thermoplastics, Metals,
Plastics, Resins, Metals,

FDM, SLS, SL, Ceramic Jet, DMLS,
Polyjet

Thermoplastics, Metals
Thermoplastics, Nylon, Metals

Thermoplastics, Metals, Acrylic

Thermoplastics, Resins, Metals,
Nylon

Thermoplastics, Metals, Resins
Thermoplastics, Nylon, Resins
Co-funded by the
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3D printing online service providers

* File formats accepted by 3D printing service providers
(examples):

- 3DHubs: STL, OBJ
- Shapeways: STL, OBJ, X3D, DAE, VRML

- Sculpteo: STL, OBJ, SKP, OFF, PLY, KMZ, 3DS, AC3D, IPT, DAE,
MD2/MD3, Q30, COB, DXF, LWO, IGES, STP, VRML, SCAD, ZIP,
RAR, TGZ, CARPART, CATPRODUCT, CGR, SLDPRT, SLDASM, IGES,
|GS, SAT, 3DM, 3MF, PRC, U3D, X_T

- i.materialise: STL, OBJ, WRL, SKP, DAE, 3MF, 3DS, IGS, MODEL,
3DM, FBX, PLY, MAGICS, MGX, X3D, STP, STEP, PRT, MATPART

- Ponoko: STL, DAE, VRML
- Make XYZ: STL, OBJ, ZIP, STEP, STP, IGES, 1GS, 3DS, WRL

2016-1-RO01-KA202-024578
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3D printing online service providers

 The workflow for all 3D printing online providers consists in
the following steps:

1. Access 3D printing service provider webpage

2. Upload model (using one of the file formats accepted, usually
STL)

3. Choose 3D printing process and/or material

4. Decide if you want to 3D print the model based on the
received quote and delivery time/conditions

Co-funded by the
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3D printing online
providers
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* 3D Hubs

e Gathers thousands of 3D printers owners from all over the
world

» Offers suggestions regarding building material depending on
price, surface quality, functional

N C | @ Sea ttps://www % G

Where 3D prints are made

Find the right 3D printing service for your next project

Browse 3D printing services See how it works

758,230 48 hours 6,896 Kk hkhkk 48
i services online

parts printed avg. turnaround time based on 103,907 reviews
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e 3D Hubs working flow

. 3D HUBS

Upload your 3D Design

In .STL or .OBJ format

@ Upload your parts

v File uploader

@ 3D Hubs secures your

£ Selectan

2016-1-RO01-KA202-024578

3D Print ~

Learn ~

Choose a Material

That is best suited for your application
How it works ~

@ Seclect a material

Prototyping Plastic [Z0)
Fast and affordable parts

<

+1% (lower limit: ~0.5mm)

Dimenslonal accuracy
Minimum feature detall  1mm

Supports required Yes

-+ Most affordable 3D printing solution
— Limited dimensional accuracy for small parts

— Print layers likely visible on surface

Sign Up

Choose a 3D Printing Service

Compare on price, speed and quality

Advanced search:

High Detail Resin

Smooth surface finish and fine detail

o

+0.5% (lower limit: “0.15mm)

~0.5mm

Dimensional accuracy
Minimum feature detall

Supports required Yes

-+ Smooth surface finish
< Fine feature details
— Birittle, not suitable for mechanical parts

e.g. SLS, Accura 25 or PolyJet

SLS Nylon E&

Strong and functional parts

10.3% (lower limit: ~“0.3mm)

~0.8mm

Dimensional accuracy
Minimum feature detall

Supports required No

-+ Functional, good mechanical properties
<+ Large build volume
— Longer lead times

Co-funded by the
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* ASTL model was uploaded as example and SLS process and
Nylon material were chosen for 3D printing the part.

. 3DHUBS  3DPrint~  Learn - Sign Up

v

nonlethal_door_stop_multitool.stl
121.5 X 52.0 X 30.0 mm

IGVEERIER (W or drop parts here

W =
" @ Select a material

&@ 3D Hubs secures your files, protecting your intellectual property

Prototyping Plastic [

Fast and affordable parts

v y
R

Dimensional accuracy 1% (lower limit: ~0.5mm)

Minimum feature detall  1mm

Supports required Yes

-+ Most affordable 3D printing solution

— Limited dimensional accuracy for small parts

— Print layers likely visible on surface

2016-1-RO01-KA202-024578

Quantity: 1

Advanced search:

High Detail Resin EXJ

Smooth surface finish and fine detail

¢ =R

+0.5% (lower limit: “015mm)
Minimum feature detall ~0.5mm

Dimensional accuracy

Supports required Yes

-+ Smooth surface finish
+ Fine feature details

— Brittle, not suitable for mechanical parts

e.g. SLS, Accura 25 or PolyJet

SLS Nylon EB)

Strong and functional parts

o o o

+0.3% (lower limit: ~“0.3mm)
Minimum feature detall ~0.8mm

Dimensional accuracy

Supports required No

-+ Functional, good mechanical properties
<+ Large build volume

— Longer lead times

v Selected
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2016-1-RO01-KA202-024578

The list of suggested 3D printing service providers (enrolled on
3DHubs). They can be sorted depending on how close are to
the users’ location, price, etc.

Delivery date is also mentioned (the order was placed on 10
April)

‘ 3D HUBS 3D Print v Learn v i i 3D Print 1

3DHUB.gr Voudas's Hub
9 51 review °P1m1 options » 2 Order details 3 Your details 4 Hub review

e Select a 3D printing service for SLS Nylon

Choose a material and color to print with
Sort; Recommended = Closest Shipping = Pickup Involcing W Favorltes More filters v Bucharest, Romania

Material (1 available) Colors (1 available) @&

38 results University Student? Apply for 25% discount About Hub

Best Greek HUB - 3D Scan/ 3D Print Nylon - €47.88 white

Services - We love what we do and we do

ArcWest's Hub

Responds in 5m on average
ook kkk 4.8 (29

3 7 @ Fourqueux, FR
1889.6 km

Perfect all-rounder: easy design rules

Avallable materlals
PA 2200

Alumide

itwell...
dui

View Hub p
for functior
Reviews designs with intricate details.
B UPS/DHL/La Poste 18 — 21 Apr

Services 0= Pickup (1889.6 km away)17 Apr

El ﬁ @“ Order quote
w € 4788
N
z
v PLANFAB's Hub z "/ Ready by 14 April
z
Responds in 9h 38m on average Avallable materlals é' OrypreywiTen your order is accepted

Nylon

A‘n B HELLENIC POST 21Apr — 3 May

apalyr Sue
Leaflet | © OpenSireetMap contribuiors +/ 3D Hubs Buyer protection @

Keratsini / Piraeus, GR
9 o —
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* Material recommendation — the user should answer some
qguestions regarding material (metal or plastic), material
properties and accuracy. Several steps are presented:

1+ \'mlookmgtoprmtin:*
Material

Would you like to get a material recommendation for
your parts? Metal

[:E/ Plastic ‘

+» What are the accuracy requirements of your des'\gn?*

Low: Basic fit check. Mo (relevant) feature details below 1mm ($)

. Medium: Good accuracy. Tolerances of £ 0.3 mm or £ 0.05 mm/mm, whichever is
What material do you need? (beta) - ' :
High: Tolerance <0.3mm. Like the real part. Extreme fine details. Exhibition guality

Use this wizard to find the right 3D print material for your application.

On average the wizard takes 57s to complete. T
Medium
High We recommend SLS Nylon (SLS)
m press ENTER =
It's the perfect all-rounder: easy design rules, strong and slightly

flexible. Nylon allows for functional end products and complex
designs. Can be polished for a completely smooth finish.

Select ESELE]
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Shapeways

 Shapeways
* Requires creating an user account

e Offers 3D printing services, as well as a library for STL models

shapeways Marketplace My Workshop Upload Your 3D Design x

SELECT FILE No file selected.

Model Units: @ millimeters inches meters

Bring your ideas to life

From prototyping to finished product, the best tools to 3D print your ideas

By clicking "Upload," you are representing that this 3D model does not violate
Shapeways' Terms & Conditions and that you own all copyrights for this 3D model or
have autherization to upload and use it.

Get started here Supported 3D files

- _ Maximum file size: 64 MB or 1 million polygons
_ - _ Filetypes: DAE, OBJ, STL, X3D, X3DB, X3DV, WRL

For color 3D DAE, WRL, X3D, X3DB, X3DV
prints: Textures files: GIF, JPG, PNG
Ready to print your 3D model? Upload as ZIP containing model file and

textures

_ Privacy: Private by default

2016-1-RO01-KA202-024578 i Co-funded by the
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Shapeways

 The model should be check for errors before upload.

* After model upload, information on size, volume and surface
area is available. Also a 3D model viewer allows visualizing the
model (zoom and rotate options are available).

shapeways' Marketplace My Workshop = Q ‘é’

BRACKET PRINTED

CCCCCCCCCCCCC

Strong & Flexible Plastic SET 3D PRINTING ORIENTATION
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Shapeways

* The next steps are: choosing a material for the object and
setting a building orientation.

 Materials: strong & flexible plastics, metals, was, steel, etc.

Materials Details History
————
Show All MakefTials Strong & Flexible Plastic Metallic Plastic Frosted Detail Plastic Acrylic Plastic (Detail Plastic) Stainless Steel
Precious Metal Sandstone Wax Alur U De Acrylat

€ Help Center

Strong & Flexible Plastfic SET 3D PRINTING ORIENTATION
Material Finish Manual Chegl Success Rate Price Qty.
- $173.37 1 ADD TO CART
Blac
$174.37 1 ADD TO CART
e ’ $173.87 1 ADD TO CART

- Purple Polished —_ §174.37 1 ADD TO CART
. Red Polished : $174.37 1 ADD TO CART
nk Polishe

$174.37 1 ADD TO CART
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Shapeways

* Setting building orientation in Shapeways using the arrows
from the down-right. Zoom option is available.

Set Your Desired 3D Printing Orientation

Use the arrows to set a 3D printing orientation for your model. If you're unsure, it's best to leave
this to our 3D printing engineers.

This 3D viewer visualizes the stepping (layers) that may be visible on your print's surface.
Stepping is less noticeable on Polished Strong & Flexible finishes.

Top

2016-1-RO01-KA202-024578

This 3D viewer visualizes the stepping (layers) that may be visible on your print’s surface.
Stepping is less noticeable on Polished Strong & Flexible finishes.

Top

Bottom

CANCEL SAVE ORIENTATION
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Sculpteo

* Sculpteo

* User account is required

55culpteo 3D Printing  Laser Cutting  Pricdng  Company Blog  # 1iv  dian_popescu@yahoo.com

YOUR ONLINE 3D-PRINING SERVICE

7

‘ Upload a file l
2016-1-RO01-KA202-024578
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Sculpteo

* Uploading and visualizing a STL model

SSCUIptEO 3D Printing  Laser Cutting  Pricing  Company Blog % v dian_popescu@yal

Upload a file

. i ?
o ‘/ o | D V_Vhat fllt-? should you u?IOf;\d_ 4 )

‘ Complete

Design name * SSculpteo 3D Printing  Laser Cutting  Pricing  Company Blog # iV dian_popescu@yahoo.com

luni_binary

luni_bina 'Y by dian_popescu@yahoo.com
Description

® Unit Price: $8.72

ships on April 14, 2017

Other available production services:

© Express: $19.43
Visibility @ Let people w Ships by April 13, 2017, guaranteed
vl .| O Orderaco © Economy: $6.98
[ Customize Ships from April 21, 2017, save up to 30% !
Includes sales taxes
Category 1 x3$872=$8.72
| Review & Checkout
*Required
3D Print Settings
Cookies help us deli s
Loading 3D model A Material Plastic
v < = Color White
Finish Raw
Materials Optimize Review Layer Standard (100 - 150um)
Thickness
Plastic $8.72 per item. Ships in 3 working days.
P a el Qrale Aol J - | occ

Cookies help us deliver our services. By using our services, you agree to our use of cookies. Learn more m W4 Leave a message [

2016-1-RO01-KA202-024578
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Sculpteo

* Information on price and shipping date is provided instantly
after choosing material and 3D printing process.

55culpteo 3D Printing  Laser Cutting  Pricing  Company Blog 2 iiv  dian_popescu@yahoo.com

Review & Checkout

3D Print Settings

Material Metal (Laser melting)
Type Aluminium
Finish Rough

Scale 455 x 307 x 365 mm

ikt

w < Weight:
169g
Materials Review
Plastic $89.98 per item. Ships in 6 working days,
Resin (Polyjet)
Our Aluminum (AISi7Mg0.6) is 3D printed using SLM (Selective Laser Melting) technology. This
material has good mechanical properties, which makes it very suitable for producing molds. It is
durable and lightweight, particularly effective in areas requiring a high strength/mass ratio and
good thermal conductivity.
TRe parts produced by SLM rival those produced by traditional methods
i W¢ offer a raw finish, but contact us for a quote on different finishes.
- Metal (Laser melting)
Available metals ,

2016-1-RO01-KA202-024578 Co-funded by the
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Sculpteo

* The possibility to review the model for checking solidity or wall
thickness.

SSCUlptEO 3D Printing  Laser Cutting  Pricing  Company Blog % iz dian_popescu@yahoo.com

Could ship by April 13, 2017, if you choose
Standard White Raw Plastic
Includes sales taxes

1 x $89.98 = $89.98

Review & Checkout

3D Print Settings

Material Metal (Laser melting)
Type Aluminium
Finish Rough
L 2cm 1
i 1in

Scale 455 x 307 x 365 mm

w oS

Weight:
16.9g
Materials Optimize Review
Solidity Check 3D Print Dossier - FinalProof
The material you chose has a solidity threshold of around 3D Print Dossier provides a full breakdown of every aspect of
1mm. your 3D Print by email, including FinalProof, Solidity Check,
scale blueprints and a full quote if available.
THEkehing Bow) [~
Cookies help us deliver our services. By using our services, you agree to our use of cookies. Learn more m &4 Leave a message
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Sculpteo

* Sculpteo can also generate a 3D printing dossier containing all
the information and checks presented

Here's your full, free analysis of "luni_binary", as of April 11, 20
created using Sculpteo’s in-house technologies. You can review a
the details of your 3D print offline and in your own time.
luni_binary
1 unit, $91.98 ( Includes sales taxes )

Material metal_sim_aluminium_rough

Finish raw

Scale 45.5 x 30.7 x 36.5 mm

Solidity Check (Page 3)

Different materials have different physical characteristics, notably fragility. Very thin parts
your design may be fragile or even unprintable. This can cause frustration, delays and
damaged items.

To help avoid this, our Solidity Check illustrates the areas of your design that, at this sc
and in this material, would likely break or be too thin to safely print.

See your design from multiple angles and verify its solidity at a glance.

Blueprints (Page 4)

Some 3D file formats don't include information on the units or absolute scale. While you
set the units and scale at any time on the 3D print page, it's always helpful to see a 1:1s
illustration of your design.

Just print this document at actual size and you'll have 1:1 scale blueprints of your design
confirmation and validation.

Quote
By crealing an account on Sculpteo and filling in your delivery details, we could attach a

-

Front Right Top
Left Bottom

Too Thin Looks Good 0 i

= T

Solidity Check provides a heatmap of fragile areas (marked red) in your design. Despite these automatic checks,
all designs go through a supplementary manual check, just to be sure.

2016-1-RO01-KA202-024578
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i.Materialise

* ji.Materialise

0
SIGN IN -\'_.I Empty cart

. . L]
/ WLA’/ {é:e’ DESIGN BUY SELL LEARN INSPIRE UPLOAD 3D MODEL
.

@uality. Great Price.

. W e 7 Introducing Standard Resin
A AN |

LEARN MORE

This website uses cookies to ensure you get the best experience on our website. By using our services, you agree to our use of cookies.
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i.Materialise

* Upload model, choose material, color, finishes and quantity
* The price is displayed instantly

Upload 3D Model

Material

olyamide &=
Colors and Finishes
Dyed yellow \L
Scale

E‘ 00 |%

95 X - 3 mm
Quantity
( 1 - 4+ xM456€=1456€
Price
Cusoe >
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BuildParts

 BuildParts

e User accountis needed

847.639.1000 Online Quote File Specs Submit File

@ BUILDPARTS

CIDEAS Rapid 3d Printing, Fabrication and Manufacturing

Services Processes Materials Idea Center About Us Q Contact Us

-

Q

\J

r

Select your CAD program in the pulldown menu to view the recomir ended settings for exporting an STL file ‘

Accepted file formats

Although we recommend and prefer the STL format, C.ideas can accept and convert the following 3D files:
Parasolid (.x_b, x_t), IGES (.iges, .igs), STEP (.step, .stp) and native Solidworks files, 1997 through 2012.
Most CAD applications can export or save designs as a STL (stereolithography file), which is the native format that our RP equipment utilizes.

Saving your .stl file in the Binary format, (an available option in most applications) rather than ASCII, is recommended and will dramatically lower the file size. Decrease
the file size even further, compression software like WinZip works well, use these prior to emailing your request for a quote.

If there are any obvious anomalies, errors or faceting, we will notify you prior to building your order.

Send your file(s) via email to: quote@buildparts.com
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BuildParts

* True-Quote option in BuildParts

* Steps: upload model; choose material and process; choose
building orientation, resolution, finishing and quantity.

oideas True-Quote

Accourt

PROPERTIES OF FILE IN VIEWER

@ Build Process and Material
@ s orteasure @
@ Build Orientation @ Finish Level

UNITS OF MEASURE OF FILE IN VIEWER

X /|
PROM MATERIAL / RESOLUT] INISHING

VIEW YOUR STL DRAWINGS - VIRTUAL BUILD QUOTE YOUR PARTS - PLACE YOUR 3D BUILD ORDERS HERE

Patent-Pending Virtual-Build True-Ouote™ Technology )

Please choose one of the following:

AUTO QUOTE STL FILES

Click below to access CIDEAS True-
Quote.

True-Quote accepts STL files under 25mb
each. For larger files (or CAD files of other
types) use our Manual Quote Request option

located to the right.

Note: True-Quote uses pop-ups so be
sure to add a pop-up exception for
truequote buildparts.com before you
proceed. CIDEAS recommends Chrome
for the smoothest operation.

MANUAL QUOTE

Click below to SECURELY upload your
files for a manual quotation.

CIDEAS accepts most major file
formats, but we prefer; STL, IGES,
Step, SAT or Parasolid.

The manual upload tool accepts
individual files up to 150mb.

You should receive a quote within a
few hours of submitting.

it

For questions or comments contact a project manager: 847 639-1000

Millimeters
Bounding Box: X=2.9|

PROCESS/MATERIA

Build Process and Material

ABS M100 v

ABS M30

ABS M30i

ABS P400

ABS P500

NYLON 12

PC

PC-ABS

PGSO

ULTEM 1010
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BuildParts

* Modelis uploaded and manually oriented

wsw YOUR STL DRAWINGS - VIRTUAL BUILD QUOTE YOUR PARTS - PLACE VDUR 30 BUILD ORDERS HERE _ Weicome
Diana Popescu
r Patent-Pending Virtual-Build True-Quote™ Technology yoL

oideas True-Qupte
O asemenerrre | T

PROPERTIES OF FILE IN VIEWER

Varianta_dintr-o_bucata
ready to quote this part.

<~

Varianta_dintr-o_bucata stl
Size: 1.173 kb
Raw Extents: X=53.00 Y=7299 Z=23.00

(@ Resolution

@ Build Process and Material : Standard 010 slice v
Large Part 013 slice
® ®
LR High Res 007 slice
® ®

UNITS OF MEASURE OF FILE IN VIEWER Finish Level

Millimeters

Bounding Box: X=3.02in. Y¥=2.28in. 7=0.8%in SR Supprt Remoyed S

! Primed/Painted A Side

PROCESS/MATERIAL / RESOLUTION / FINISHING e

FDM 8 Color Match Paint A Side 2 Zero XYZ
ABS M100 Natural (color shown is approximate)

Standard 010 slice Color Match Paint A and B Side .
STD:Support Removed Animatic1

Chemically Sealed p
. Tools
Other See Comments

Show Hide

2016-1-RO01-KA202-024578
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BuildParts

* Generating quote for the model

v P T varianta_aimr-o_pucara
@ Account ready to quote this part.
PROPERTIES OF FILEIN VIEWER
of our project managers

Varianta_dintr-o_bucata.stl
Size: 1.173 kb.
Raw Extents: X=5300 Y=7299 7=23.00

@ Build Process and Material
@ Units of Measure @
@ Build Orientation @ Finish Level

UNITS OF MEASURE OF FILE IN VIEWER

QUOTATION
e

\\ Created: Apr 11 2017 4:32am CST

Millimeters

Bounding Box X=291in. Y=214in Z=0.81in Diana Popescu University Politehnica din Bucuresti CIDEAS Inc. www.buildparts.com
dian_popescu@yahoo.com 125 Erick Street 847 639-1000
0040744649727 - Unit 115 847 639-1983 FAX

FROCESS/NATERIAL /RESOLUTION FINISHING Bucharest, Romania 060032 Crystal Lake, IL 60014

FDM

ABS M100 Natural (color shown is approximate)
Standard 010 slice

STD:Support Removed

@ I File Name & Part Extents Process & Resolution Material & Finish UNIT PRICE EXT. PRICE
Varianta_dintr-o_bucata.stl FDM ABS M100
i 1 | 1 Q. 291in.x 2 14in x 0.91in_ Standard 010 slice Natural $71.28 $71.28

3TD:Support Removed v

View Recent Quoles

Comments:

QUOTE TOTAL $71.28

*Excludes Tax
**Excludes Shipping

Print H Download PDF H Email PDF H Save Quote \

Co-funded by the
Erasmus+ Programme
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BuildParts

 Hands-on session:
- Download a STL file from an online repository

- Choose at least two 3D printing service providers and upload
your model

- Choose material and/or process and compare manufacturing
prices

2016-1-RO01-KA202-024578
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3D printing on low-cost filament
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Aim and Learning Outcomes

Module Aim: To equip students with knowledge on
setting building orientation, process

parameters and build an object on a low-
cost 3D printer, as well as with knowledge
on 3D printer software

Number of Hours: 4hrs

Learning outcomes: - Knowledge on importing STL file in 3D
printer software, scale and position object
within building envelope, set process
parameters, slice the model

Knowledge on applying post-processing
operations for 3D printed objects

2016-1-RO01-KA202-024578 Co-funded by the
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Lecture Outline

* 3D print an object using Z-suite for Zortrax 3D printer
e 3D print an object using Cura for Ultimaker printers

* 3D print an object using Slic3r software for RepRap 3D
printers

e 3D print an object using ReplicatorG for RepRap 3D
printers, Makerbot Replicator, Thing-O-Matic

Co-funded by the
Erasmus+ Programme
of the European Union
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3D print an object using Z-
suite for Zortrax 3D printer

2016-1-RO01-KA202-024578




3D print using Z-suite software

Z-Suite software for Zortrax 3D printers
A virtual 3D model is designed or downloaded from repositories

as STL file.
* If object is modelled in a 3D CAD application, save it as STL file.
* Verify and, if necessary, correct the STL file in Netfabb
g Netfabb
STL analysis

3<% netfabb Basic 74 - erasmus fabbproject

Project Edt Pat Extres v.-ms.m,. Help  Upgrade now!

*AOD 000080 S90BQ(0 L2202 P- +@-=v
i

; = slices

B camavs- (R
Bl s ONOVAVSVAM [ [dt Yew men  Jooh  fiedow  Mep
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3D print using Z-suite software

e Open STL file in Z-Suite software using drag-and-drop or
with Add Object (+ icon )

* Mouse buttons can be used for manipulating views (MB1-
rotate, MB2-zoom, MB3-pan).

= D X
Z-SUITE MODEL LIBRARY & | Login or Register

Addingone
ooooooo MODE roweneosy ZOITTQAX

Remove — 5 !

model

Model H
visualization WO rk| ng
options envelope
otate 5 506 % 5
ove

2016-1-RO01-KA202-024578
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3D print using Z-suite software

* Orient model within the working space so that to fulfill user
criteria such as: minimize support structure volume, place
holes with axis along building direction, place important
surfaces in vertical or horizontal positions, etc.

* Rotation can be performed around x, y and z axes.

 Objectis selected by placing the mouse on one of its
surfaces and clicking MB3.

Co-funded by the
Erasmus+ Programme
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3D print using Z-suite software

 Model orientation within working space

[ erasmussstl - 2-Suite v1.5.0.1
Z-SUITE
Z-SUITE MODEL  LIBRA RY
MODEL ROTATE . .
- Orientation 2
.-
w |
VIEW 5
)
o
«I+
= ‘
Z: | 0.000 £3)
@ ‘
P Resat Al
<< o
> -
of -
&
<

Object rotated with 270deg around y axis

Orientation 1

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




3D print using Z-suite software

e Also object can be move on the platform using Move
button.

* Object can be resized (scaled) with Resize button with the
same value in x, y and z directions

oL usRARY &  Loginor Register

roweseow ZOTFTQX

Scaled
object

o Scaling
4 object

Object new

dimensions X*J

2016-1-RO01-KA202-024578
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3D print using Z-suite software

* Object can be split using Split option. As an example, the
object is split with plane.

Bl erasmusssti - Z-Suite v1.50.1
Z-SUITE MODEL LIBRARY

Split with x plane

Split plane
o Z:| 0.000 2 4

seuT g Two objects

@ LLLLLLL

* EXPORT

- Each object resulted from Split option can be exported.
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3D print using Z-suite software

e Set process parameters: material, layer thickness, infill,
surface layers, support angle deposition, speed etc.

- erasmusstl - Z-Suite v1.5.0.1 - o X
Z-SUITE MODEL UBRARY &  Login or Register
PRINT SETTINGS  ? roweneony ZOTHTAX
o ILE
A TRA -~ -
Ew AL MAL AN
B
3 7 i
= %
I 7 SHELL BOTT!
LL SOUD MED! UGH MESH SHi
) || suwrom oFrs:
ANGLE SUPPORT LITE uTi
&
o PRINT COOLING. RIDGES
I AN SPEE ENABLE
fo
PRINT NORMAL SETTINGS RESET SETTINGS
3
X "‘L\'
SAVE PROJECT
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3D print using Z-suite software

* For each material, a list of layer thicknesses is available.

* Prepare to print option is accessed for starting the slicing
process based on the set process parameters. Nozzle paths
for deposition model material and support material are
generated. In Z-Suite, the model material is displayed in
blue, while the supports are displayed in grey. Each layer
can be visualized using Pause option from Tools.

* Information about building time (estimated) and filament
usage (in meters and gramS). B erasmussti - Z-Suite v1.50.1

Z-SUITE wooe. | PRINTSETTINGS 2

MODEL PRINT SETTINGS ? ar PROFILE LAYER THICKNESS

+ r i ZULTRAT 0.16 mm
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3D print using Z-suite software

* Layer by layer visualization

Bl erasmus.sti - Z-Suite v1.5.0.1

Z-SUITE MODEL LIBRARY
Layer by layer Support
= PAUSE ? . . . tructure roweneowe ZOTHTQAX
/ visualization s
5] s
$ -
INSERT
]
®
d P;u:rri

Base support
structure

| \\\m\\\\m\\\\.\&‘m,,,
‘un\\l\\\\\\\\\\ﬂ\‘\\\\\\\\\\\\w
""ﬁ%/!n: ;(,',,_:'

=\

Estimated build time and
filament usage
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3D print an object using
Cura for Ultimaker printers
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3D print using Cura software

e Cura software for Ultimaker 3D printers

 Opening an STL file. Model is placed in the middle of the
building platform. It is sliced immediately after import and
information on build time and filament usage is displayed.

View Setiings Extensions Preferences Help

Print core & Material 0.4 v | |PLa v |

Profile Normal Quality * v |

m |
=
r.(i

Light Dense  Solid
~ | Print Build Plate Adhesion

79
E s
-
@
-3
Y
§
z

int support using PLA(... ¥ |

rint supps
ul t imaker ¢ { Need hel.D W"nr.wﬂg_.your prints? Read the

mmmmmmmmmmmmm

cura. @ 17h34min Wl 1212m/-95g | savetaFile
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3D print using Cura software

* Object can be moved on the platform using MB1, can be
rotate using MB3 and zoomed using MB2 (also pan). For
these actions, buttons can also be used.

B cwra

file Ecit View Settings Extensions Preferences Help

- 8 x
e
opensT. —>[4 | S,
(W /% 188749 Printar: ot =
v [43.0642

Move

inter: IMake:
Object coordinates [m plapinccore ) SR

Scale on p[atform Printcore & Materiak:  [AA04 v | [PLA
Rota te Normal Quality *
Mirror Print Setup [ Recommendes [T

Settings

s w L
Model ——> 28
i = pet v | Print Buil te Adhes
view i Soud
X-Ray Print support using PLA (

Layers

ed ‘oving your prints?

Guides

Information about
curd. object
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3D print using Cura software

e layers visualization

File Edit View Settings Extensions Preferences Help

G Cura

File Edit View Settings Extensions Preferences Help
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3D print using Cura software

* Process parameter settings

Printer: ’ Ultimaker 3

v—}-—) 3D printer type

B PLA (Print core 1) O PLA (Print core 2)

Print core & Material:

|AAO.4

Profile: * v |

’ Normal Quality

Print Setup

Recommended Custom

Infil .
Hollow Ligh Dense Solid \
g Recommended
Helper Parts: Print Build Plate Adhesjon settings

] Print support using PLA (... v

Hollow — no infill
Light — 20% infill
Dense — 50% infill
Solid — 100% infill

2016-1-RO01-KA202-024578

Matenal Print core & Material: I AA 0.4 : PLA ~ |
r = ABS
v l | PLA v | Profile: INcrmaI Qualit CPE
. Nylon

Printer: [ Uttimaker 3 ~

‘@ PLA (Print core 1)

Print Setup

Infill Aos ) |e—— 2
CPe Manage Materials...
Nylon * ™1 T
Hollow PLA » Dense Solid
2 PV >
Helper Parts: v | Prinvourarraver~dhesion

[ Print support using PLA (... v |
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3D print using Cura software

Custom 3D printer settings

Printer: [Ultimaker 3

[@ PLA (Print core 1)

Printcore & Material:  [AAO4 v | [ABS v |
Profile: [ Normal Quality *
Print Setup Recommended _
= Quality v
Layer Height & 0.1 nm
11 shell v
Wall Thickness il13 mm |
Top/Bottom Thickness if1.2 mm
P4 Infill i~
Infill Density [20
191 material i
Printing Temperature i|230 C
Build Plate Temperature & | 80 C
Diameter 2.85 mm
Flow 100
Enable Retraction T
) Speed <
3% Cooling i<
&' Support i<
* Build Plate Adhesion <
Ready to Save to File
Save to File

v

2016-1-RO01-KA202-024578

= Build Plate Adhesion

Build Plate Adhesion Type
Build Plate Adhesion Extruder
Brim Width

/K Dual Extrusion

v
& | Brim v
& .DPLA (Printc... v

fi 17 nm

Printer: [Uttimaker 3 v Enable Prime Tower flv]
. ) Prime Tower Size fil16
(8 PLAprint core 1) | m A5 princcore2) | Prime Tower X osition o[
Print core & Material: AAD.4 v | (ABS v | Prime Tower Y Position
. ! %, Special Modes v
Profile: | Normal Quality * v pes
Ready to Save to File
Print Setup Recommended _ .
Print Speed i|s5 mmJ/s L SN . ]
Travel Speed 250 mmJs | Ic] %
Print Acceleration 4000 mm/s? - ) . e
Travel Acceleration 5000 mm/s? Settngs. settlﬂg VISIbllitV
Print Jerk 25 Materials Elcheckl
Travel Jerk 30 m [ Prime Tower Y Poston
* cooli = o [ Prime Tower Flow
ng e ) Wipe Nozzle on Prme Tower
Enable Print Cooling Rl CIDwlB 0
&! Support {2 [ Enable Ooze Sheld
Enable Support | i [ Ooze Shield Ange
Support Extruder & |HPLA (Printc.., v i [ Ooze Shieid Dstance
—_— :
Support Placement & | Everywhere v Al Mesh Ficns
- Build Plate Adhesi : . 1 [[] Union Overlappng Volumes
i* Build Plate esion ) o e
Build Plate Adhesion Type & | Brim v [JExtensive Steching
Build Plate Adhesion Extruder & | EPLA (Print [IKeep Dsconnected Faces
Brim Width Fil7 ~ 1 Special Modes
/K Dual Extrusion < i (Pt Sequence
Infi Mesh
Ready to Save to File CJinfl Mesh Order
[surface Mode
I == [ Spralze Outer Contour
Save to File

Gcode file
generation
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3D print using Cura software

° f f. Q UM3_erasmus.gcode - Notepad - a X E
Example of a Gecode file e 3 R 5
Gl X43.202 Y65.811 E13.57466 A
] UM3_erasmus.gcode - Notepad - O x Gl X43.615 Y65.222 E13.58532

Gl X44.091 Y64.683 E13.59597
Gl X44.623 Y64.199 E13.60662
G1 X45.206 Y63.778 E13.61728
Gl X45.833 Y63.424 E13.62794

File Edit Format View Help

| START_OF_HEADER A
;HEADER_VERSION:@©.1

;FLAVOR:Griffin

;GENERATOR. NAME : Cura_Steamengine M204 5625

;GENERATOR.VERSION:2.3.1 M205 X6
;GENERATOR.BUILD_DATE:2016-11-04 GO F4285.7 X46.161 Y63.655

3 TARGET_MACHINE .NAME :Ultimaker 3 M204 S500
JEXTRUDER_TRAIN.@.INITIAL_TEMPERATURE:200 M205 X5

3 EXTRUDER_TRAIN.®.MATERIAL.VOLUME_USED: 77341 Gl F1200 X46.813 Y63.401 E13.63831

3 EXTRUDER_TRAIN.@.MATERIAL.GUID:506c9f@d-e3aa-abda-b2d2-23e2
3 EXTRUDER_TRAIN.@.NOZZLE.DIAMETER:0.4
;BUILD_PLATE.INITIAL_TEMPERATURE:80

sPRINT.TIME:63254

Gl X47.49 Y63.224 E13.64867
Gl X48.183 ¥63.125 E13.65904
Gl X48.702 Y63.103 E13.66674

IPRINT.SIZE.MIN.X:0 Gl X79.911 Y63.103 E14.12905
;PRINT.SIZE.MIN.Y:0 G1 X80.61 Y63.143 E14.13942
;PRINT.SIZE.MIN.Z:0 G1 X81.299 Y63.262 E14.14978
3PRINT.SIZE.MAX.X:215 Gl X81.97 Y63.46 E14.16014

3PRINT.SIZE.MAX.Y:215 Gl X82.615 Y63.732 E14.17051
3PRINT.SIZE.MAX.Z:200 G1 X83.143 Y64.03 E14.17949

;END_OF _HEADER

;Generated with Cura_SteameEngine 2.3.1 Gl X83.173 Y64.004 E14.18008

G1 X83.751 Y63.609 E14.19845

To G1 X84.37 Y63.283 E14.20081
692 E@ G1 X85.022 Y63.03 E14.21117

G1 X85.699 Y62.852 E14.22154
M1e9 S200 G1 X86.392 Y62.753 E14.23191
Ge F150e@ X181 Y2.1 72 G1 X86.911 Y62.731 E14.23961
G259 G1 X91.956 Y62.731 E14.31434

G1 F150 E-6.5 Gl X92.655 Y62.771 E14.32471

; LAYER_COUNT : 498
JLAYER: @ Gl X93.344 Y62.89 E14.33507
; :
M167 G1 X93.388 Y62.903 E14.33575
M204 S625 G1 X154.194 Y62.903 E15.23649
M205 X6 G1 X154.893 Y62.943 E15.24686
Gl za G1 X155.582 Y63.062 E15.25721
GO F4285.7 X45.502 Y63.2 7Z2.27 G1 X156.253 Y63.26 E15.26758
126415500 G1 X156.898 Y63.532 E15.27795
¥ v
< > &
. 5
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3D print an object using
Slic3r for RepRap printers
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3D print using Slic3r software

e Slic3r software for RepRap 3D printers
* Open STL file using Add option

* View manipulation: MB1-rotate, MB2-zoom and pan, MB3-pan

§ 5o Open STL file Rotate object (45deg)
g Al _ X Ddeelt f Amnge O Q § 903 ISR D Gk g Setegn
Scale object

Increase/decrease
copies

Object information
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3D print using Slic3r software

 Cutobjectin Slic3r * Scale (uniform) object in Slic3r

FFFFFF ater Object Window Help Nindo

Plater  Print Settings Filament Settings Printer Settings Plater  Print Settings Filament Settings ~ Printer Settings
3 Add. ({4 Delete ||3 DeleteAll @ Arrange Q@ @ @ oI Scale. %k Split | @ Cut. |gb Settings.. 9 Add. 7 Delete X DeleteAll & Amange O @ @ 9 .5 Scale. 3% Spiit Cut.. | G# Settings..

(]
Upper partf]Lower part:
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3D print using Slic3r software

* Print settings Filament settings Printer settings

@ slicar
File Pla Window Help G sicr G sicar
Print Settings  Fildynent Settings  Printer Settings Fle_ Pister  Object File Plaster Object Window Help
Plater  Print Settifgs Settings Plater  Print Settings Filament Setti
Filament i g
Layer height: 3] mm Size and coordinates
Perimeters: 3 : | (minimum) Diameter: g mm
Solid layers: Top:| 3 ]I < Bottomy 3 Exrusion multiplier: 1 Sed shepe et
0 mm
Infill Temperature (*C) 7 olfsets
Fill density: Extruder: First layer{ 200 - Other layers: 200
Fill pattern: v Bed: First layer:; 0 7:40tha layers O
Top/bottom fill pattern: | Rectilinear ~ Firmware
Want more options? Switch to the Expert Mode. 5 cude fon RepRap (Marliny/Sprinter/Repetier)
Support material
Extrud
Generate support material: O <
Pattern spacing: 2.5 mm Nozzle dismeter: 035 mm
Contact Z distance: 0.2 (detachable) mm
Don't support bridges: Retraction
Raft layers: D F2 layers Length: 2 mm (zero te disable)
Lift Z: 0 mm
Speed Wipe while retracting: a
Perimeters: 60 mm/s
Infilk 80 mm/s Start G-code
Travel: 130 mm/s G28 ; home all axes
G1Z5 F5000 ; lift nozzle
Brim
Brim width: o mm
Other
XY Size Compensation: I:] mm
End G-code
Want more options? Switch to the Expert Mode. M104 50; turn off temperature

G28 XD ; home X axis

2016-1-RO01-KA202-024578
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3D print using Slic3r software

pattern

G Slicar

File Plater Object Window Help

Plater ~Print Settings Filament Settings Printer Settings

General
Layer height:
Perimeters:

Solid layers:

Fill density:
Fill pattern:
Top/bottom fill pattern:

Support material

Generate support material:
Pattern spacing:

Contact Z distance:

2016-1-RO01-KA202-024578

03 mm

3 IT (minimum)

Top:| 3 o |i":Bottom:| 3

20 v|%

Honeycomb v

Rectilinear

Line

Concentric
Honeycomb

3D Honeycomb
Hilbert Curve
Archimedean Chords

Octagram Spiral

0.2 (detachable) mm

@ slicar
File Plater Object Window Help
Plater  Print Settings Filament Settings Printer Settings

Infill settings: layer fill density, fill pattern, top/bottom fill

mm

7: (minimum)

| zlBottomd 3 =

General

Layer height: 0.3
Perimeters: 3

Solid layers: Top:| 3

Infill

Fill density: 20 v|%
Fill pattern:

Top/bottom fill pattern:

Rectilinear
Support material Hilbert Curve
Archimedean Chords
Generate support material: Octagram Spiral
Pattern spacing: 25 mm
Contact Z distance: 0.2 (detachable) mm

Nan't eninnart hridnse:
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3D print using Slic3r software

* Filament diameter settings, usually 1.75 mm or 3 mm.

G siicar
File Plater Object Window Help
Plater Print Settings Filament Settings  Printer Settings

Filament

Diameter: mm

Extrusion multiplier: 1

Temperature (°C)

Extruder: First layer| 200 ‘-:%Other layers] 200 =
Bed: First layer| 0 %mher layers: 0 %

* Bed shape and size settings.

g
File Plater Object Window Help
Plater  Print Settings  Filament Settings  Printer Settings

Bed Shape X
Bed shape: ‘-.QSG-- Shape
Rectangular
0 mm Settings
Zoffset:
s dw e
N
nm
Firmware
. oK Cancel
G-code flavor RepRap inter/Repetier)

2016-1-RO01-KA202-024578
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3D print using Slic3r software

* Layers visualization

@ siicar - o %
File Plater Object Window Help
Plater  Print Settings Filament Settings Printer Settings
@ Add.. [7§ Delete X DeleteAll o Amange © @ @D 5 Scale. 3% Split | J Cut.. || gp Settings..

@bxport STL... .@bport G-code...
Name Cop... Scale
erasmus stl 1 100%

Establish layer

/

Info
Size: 139.60 x 68.75 x 50.00 Volume:  103888.84

Facets: 560 (1 shells) Materials: 1
Manifold: Yes

2016-1-RO01-KA202-024578
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3D print using Slic3r software

* Layers visualization

@ slicr

y Plater Object Window Help
Print Settings Filament Settings  Printer Settings
Ad § Delete | X DeleteAll @ Amange O @ @ D .5 Sale. 3% Splt | Cut. b Settings.

i
LR

5.60

0| |Preidy Layes |
G-code file exp ‘\oC:\D:_\* /

2016-1-RO01-KA202-024578
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3D print using Slic3r software

* More options are available in Expert mode which can be

accessed from File menu.
@ siicar

File Plater Object Window Help

Plater ilament Settings Printer Settings

General
Preferences X

Layer hei e
Perimet

Mode: i
Solid lay :,‘"":‘ |

Check for updates: WG e

. Remember output directory: File Plater Object Window Help
Infill Auto-center parts: Plater Print Settings Filament Settings Printer Settings
Filldensi  Background processing: %] e v EHO  Fiamen
Fill patte| & Filament Color:
Top/bott , 0K ‘ l Cance |~ Cackng Diameter: 1.75 mm
Bxtrusion multiplier: 1

Temperature (*C)
Extruder. First layer] 200 ={other layers: 200 g
Bed: First layer: 0 = Other layers{ 0 o
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3D print using Slic3r software

* Speed settings Advanced settings

’ Slic3r
File Plater Object Window Help &G siicar
Plater  Print Settings Filament Settings Printer Settings File Plater Object Window Help
|Simple Mode ~IE@  speedfor print moves Plater ~ Print Settings Filament Settings Printer Settings
@ Layers and perimeters Perimeters: 60 mm/s ISimpI: Mode "‘; = Extrusion width
7 Infil .
o ; Small et 15 % =
Skirt and brim Pl i e @l Layers and perimeters Default extrusion width: 0 mm or % (leave 0 for auto)
External perimeters: 50% mm/s or % Infill First | 200% % (1 0 for default
e o e Stitanid i i : ayer: mm or % (leave 0 for default)
p— ) ——— il Support material Perimeters: 0 mm or % (leave 0 for default)
= ] Top solid infil 15 I \:} Speed External perimeters: 0 mm or % (leave 0 for default)
% Output options “ g
@ Nobes Support material: 60 o f Infill: 0 mm or % (leave 0 for default)
Support material interface: 100% mm/s or % < Output options Solid infill: 0 mm or % (leave 0 for default)
Bridges: 60 mm/s ) Top solid infill: 0 mm or % (leave 0 for default)
Gap fill: 20 mm/s Support material: 0 mm or % (leave 0 for default)

Speed for non-print moves

Overlap
Infill/perimeters overlap: mm or %
Modifiers

. Flow
First layer speed: II] mm/s or %

Acceleration control (advanced)

Perimeters: 0 mm/s* Other

Infilk 0 mmy/s* XY Size Compensation: 0 mm

Bidge) 0 <" Threads: 2 L2l

First layer 0 /st -

Dlet' rr D m:/sz Resolution: 0 mm
aul mi 5

Autospeed (advanced)

Max print speed: 80 mm/s

Max volumetric speed: 0 mm'/s
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3D print an object using
ReplicatorG
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3D print using ReplicatorG software

* ReplicatorG for RepRap 3D printers, Makerbot Replicator,
Thing-O-Matic

* Should be run as Administrator and requires Python

 Open STL file using Open option from File menu
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3D print using ReplicatorG software

 Object can be moved, rotated, mirrored (part is oriented in
mirror reflected in x, y or z) or scaled.

Move object on platform Rotate Scale
Center X+ I i | 1 Scale
DR Ry Rotate around Z o
a Fill Build Space!
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3D print using ReplicatorG software

* Accessing estimate print time option: 3h 1min

A ReplicatorG - 0040

File Edit GCode Machine Thingiverse Help

E Estimate Ctrl+E E @

Generate Ctrl+Shift+G
Not Conne
Build Ctrl+B

Preview

GCode Generator
Edit Slicing Profiles.

Default

xz

i

jill
i

Z L ave. Voo FES
T AL T A AT TSI ——_

e
n
i
1

This project has been funded with support from the European Commission. This material reflects the views only of the
author, and the National Agency and European Commission cannot be held responsible for any use which may be made of
the information contained therein.

Yz

View
Move
Rotate
Mirror
Scale

Generate GCode
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3D print using ReplicatorG software

* 3D printer control panel

A\ ReplicatorG - 0040
File Edit GCode Machine Thingiverse Help

Machine Type (Driver) >
Connection (Serial Port) >
Control Panel Ctrl+)
Upload new firmware...

Machine information...
Preheat Machine

Extruder Motor Control

Motor Speed (RPM) 0
imm i
i
an r— Extrude duration 55 v
| everse rward
I T Motor Control r stop fo
zo Center Z Extruder Temperature Controls
Make current position zero M PLA Extruder Target (°C) 0 B PLA Extruder Current (°C) |0
™ e Te::\;)emmm Chart
480 mm/min.. 250
200

Stepper Motor Controls
Enable | Disable

el to 00m.

(Generate GCode
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3D print using ReplicatorG software

e List of 3D printer drivers in ReplicatorG

A ReplicatorG - 0040 = o %

e Edit GCode Machine Thingiverse Help

Machine Type (Driver) > The Replicator Single
Connection (Serial Port) > The Replicator Dual
Control Panel Ctri+) Replicator 2X
Not Connected P
Upload new firmware... ® Replicator 2
Srasmus mode! Machine information... Thingomatic w/ HBP and Stepstruder MK7 (Sailfish

Thingomatic w/ HBP and Stepstruder MK7 (Accelerated.
Thingomatic w/ HBP and Stepstruder MK7

Preview

Thingomatic w/ HBP and Extruder MK6 (Volumetric L X
Thingomatic w/ HBP and Extruder MK6 (Accelerated) i iz
Thingomatic w/ HBP and Extruder MK6 (Accelerated Volumetric)

Thingomatic w/ HBP and Extruder MK6

Thingomatic w/ HBP and Extruder MK5

Thingomatic w/ HBP and Dual Stepstruder MK7 (Sailfish

Thingomatic w/ HBP and Dual Stepstruder MK7

Thingomatic w/ Frostruder

Thingomatic w/ ABP and Stepstruder MK7 (Accelerated!

Thingomatic w/ ABP and Stepstruder MKT

Thingomatic w/ ABP and Extruder MK6 (Accelerated)

Thingomatic w/ ABP and Extruder MK6

Thingomatic w/ ABP and Extruder MK5

Cupcake w/ heated build platform

Cupcake w/ automated build platform

Cupcake w/ Gend electronics and ABP

Cupcake w/ Frostruder

Cupcake Basic

3G 5D Cupcake+ABP (Pololu XYZ, Mk5/6+Pololu Extruder, Sailfish Lot

3G 5D Cupcake +ABP (Pololu XYZ, Mk5/6+Gend Extruder, Sailfish) View
3G 5D Cupcake+ABP (Gen4 XYZ, Mk5/6+Gen4 Extruder, Sailfish) Move
3G 5D Cupcake+ABP (Gen3 XYZ, Mk5/6+Gen4 Extruder, Sailfish) Rotate
3G 5D Cupcake (Pololu XYZ, Mk5/6+Pololu Extruder, Sailfish) Mirror
3G 5D Cupcake (Pololu XYZ, Mk5/6+Gend Extruder, Sailfish) Scale

3G 5D Cupcake (Gen4 XYZ, Mk5/6+Gen4 Extruder, Sailfish)
3G 5D Cupcake (Gen3 XYZ, Mk5/6+Gené4 Extruder, Sailfish)

Generate GCode

Other Bots
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3D print using ReplicatorG software

* Toolpath generation Gcode->Generate; In Preferences set
the path to Python interpreter

» Skeinforge or another slicing software such as Slci3r is
required.

A ReplicatorG - 0040
File Edit GCode Machine Thingiverse Help A\ Preferences O x

Basic Advanced

CisB 7 ‘ Choose model color Choose background color

s Firmware update URL: http://firmware.makerbot.com/firmware.xml
Arc resolution (in mm): 1 Skeinforge timeout: -1
Debugging level (default INFO): INFO v

D Log to file Log file name:

[C] Preheat builds  Toolhead Right: 75 Toolhead Left: 75 Platform: 75

Generating toolpath for erasmus [ select Python interpreter... |

i, :
= Generating toolpath for erasmus On ReplicatorG launch: (@) Open last opened or saved file () Open new file

Generator: Slic3r 0.X - Experimental
Filling (layer 5 of 500)

| View Preferences Table | Reset all preferences Close

Total progress:
|

2016-1-RO01-KA202-024578

Co-funded by the
Erasmus+ Programme
of the European Union




3D print using ReplicatorG software

e Slicing results

Preview

Move
Rotate
Mirror
Scale

Generate GCode
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3D print using ReplicatorG software

 Example of generate Gcode

A Not Connected - ReplicatorG - 0040 = ] X

File Edit GCode Machine Thingiverse Help

generated by Slic3r 0.7.1 on 2017-04-15 av 14:23:50

layer_height =
perimecers = 3
solid_layers = 3
£ill_density = 0.4

; filament_diamever = 1.82

; extrusion_multiplier = 1
perimeter_speed = 30
infill_speed = 80

travel _speed = 130

; extrusion_widch_ratio = 0
scale = 1

single wall width = 0.5émn

M1S0 5100 ; set bed vemperature

H104 5 set vemperature

(#4#+ start.geode for The Beplicator, s
M103 (REM off)

N73 PO (enable build progress)

G2l (set units to mm)

GS0 (set positios ¢ to absolute)

(**** b
GlE2 X T F2500 (home X¥ axes maximum
G161 Z F1100 (home
692 2-5 (sat I to -5)

Gl 20.0 (mowve I to "0")

G161 2 F100 (home I axis minimum)

M132 X ¥ 2 A B (Recall stored home offsets for XYZAB axis)

(#49% end homing #4%s)

61 X-110.5 Y-74 2150 F3300.0 (move to waiting position) v
< >

le head *##¢)

axis minimum)
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3DP and entrepreneurship
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Aim and Learning Outcomes

Module Aim: To inspire and help students to start a 3D
Printing based business

Number of Hours: 3hrs

Learning outcomes: * Knowledge on the opportunities offered by
3D printing in entrepreneurship

e Understanding the requirements of a 3D
printing business
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Lecture Outline

 Examples of 3D businesses and start-ups

* Funding sources
e Skills required for a 3DP based business

e Opportunities for freelancers

2016-1-RO01-KA202-024578
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Examples of 3DP businesses
and start-ups
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3DP businesses and start-ups

3D Printing offers a huge opportunity of investment, with
more and more entrepreneurs and potential clients being
interested in the possibilities it offers.
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3DP printing services

Companies that print
objects on your behalf

Examples:
 Shapeways
3D Hubs
* i.materialise

e Sculpteo
e iMakr
e MakeXYZ

Ponoko

2016-1-RO01-KA202-024578
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3DP printing repositories

MakerBot Thingiverse DASHBOARD EXPLORE CREATE Q CreativeTools ~ =T

Platforms that offer
3D printing models Featured Things

Examples:

B | : = -~ S "

. [ Featured Thing| i
 Thingiverse
Fight The Power Pencil Holder Customizable Cable Tie Customizable Word Glasses Customizable Chainlink Brac...

e GrabCAD
e Sketchfab

Featurad Thing|
. STAMPY - Wax Seal Stamp C... Pool Cue Bridge Customizable Zoetrope Customizable Battery Case (...
. O u a I n e by TheNewHobbyist by bytemedwb by SamM by walter
3 days ago 5 days ago 3 days ago 20 days ago

* Cults3D | _
* Zortrax Library m ' aant

Preassembled Secret Heart ... Cartoon Character Maker - A... Blizzard of Unigue Snowflakes Snap On Portal BooksStand
by emmett by sethmaser by laird by humberto
1 month ago ¥ days ago 3 months ago 10 days ago
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3DP printing hubs

@ 3D HUBS 3D Print CNC Resources - My orders v Start a 3D Print 20

Networks of 3D
printers.

b

Examples: = et SV A \ e e

»  3DHubs o
*  MakeXYZ -

Prototyping Engineering

e Fiverr

About

We are an engineering & design company
offering complete engineering services for
product development, from concept to mass
production. Supplied services include 3D/2D
CAD design, 3D modeling, Reverse
Engineering, Rapid Prototyping, 3D printing,
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Other 3DP business ideas

3DP training providing
- 3D printers manufacturing
- Prototyping as a service
- 3D printed fashion

- 3D printed parts and
products

- 3D printed food
- 3DP models creation

2016-1-RO01-KA202-024578
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3D printers manufacturing

* Design and manufacture 3D printers

 Source and 3D print parts, assembly, calibrate and sell 3D
printers

Examples:

 Makerbot, Formlabs (USA)

e BQ, BCN3D (Spain)

 WASP, Roboze, Sharebot (ltaly)

e Zortrax, Sinterit (Poland)
 Symme3D, Build3DParts (Romania)
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Customized objects

Huge variation of
designs can be
created using 3D
printing .
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Prototyping

Prototyping is the most important application of 3D
printing.
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3D printed fashion - bags

The Berna Clutch of Odo Fioravanti, launched in 2017 in Paris. It has
curved layers and is inspired by an unique urban structure of the city
of Bern. Itis a limited series and having it 3D printed came as an
efficient solution from the perspective of costs.

Odo Fioravanti — Clutch Berna
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3D printed fashion - jewels

There are numerous examples regarding jewelry;

Omri Revesz created
the collection

Penrose which starts
from a rigorous
geometric architecture
that never repeats
itself identically
because of the
asymmetrical model.

2016-1-RO01-KA202-024578
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3D printed fashion - jewels

Nervous System, another successful business, creates

jewels inspired by science and technology.
||
It is based on researching the
way in which models and
forms appear in nature to
create mathematical patterns
and simulations that allow
them to create more
complicated objects, unique
and personalized with the
help of 3D printing.

Nervous System
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3D printed fashion - clothing

Designer Danit Peleg, created an entire collection
using her home 3D printers.
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Parts & prototypes for watches

ZGOD. Zegarki, a Polish business, creates watches 3D printing the
frames.

Fossil uses 3D printing for watch prototypes. The design can be
adjusted any time and reprinted in 3D, producing the prototype is
thus less time consuming and a lot less expensive.

Fossil watches ZGOD Watches. Zegarki

Co-funded by the
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3D printed toys

A variety of models can be easily produced by 3D printing.
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3D printed medical devices

Medical uses of 3D printing include prosthesis and body
parts.
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3D printed customised objects
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3D printed food

Various types of edible designs can be created in 3D
printing

Co-funded by the
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Funding sources
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Funding opportunities

Overview of sources:
Personal investment
Venture capital and private investors
Business incubators and accelerators
Bank loans
Angel Investors
Grants

N o U A W

Crowdfunding
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Funding opportunities- Crowdfunding

KICK: ,TER

INDIEGOGO.
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Skills required for a 3DP
based business
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Required skills

Depending on your business idea, you might need some
specific skills to successfully run your business.

These skills may be gained by taking the 3DP course.

= 3DP
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Design skills

Creativity — Generating new concepts
Drawing — envisaging the objects in pen and paper

. ,,," 3 .nqi 1 ¥,
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Marketing Skills

* insights into the needs of clients
* market analysis

responses
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Engineering and Technical Skills

 Math, Sciences, Physics, Chemistry, Mechanics

SKILLS

R T

LOADING ...
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IT skills
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Opportunities for
freelancers
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Opportunities for freelancers

 Demand for freelance 3D printing expertise is growing
fast
 Most in-demand jobs requiring 3D printing expertise:
* Industrial and mechanical engineers
* Software developers, applications
* Designers
 Marketing managers

Co-funded by the
Erasmus+ Programme
of the European Union
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Freelancing websites

 Upwork

* Guru.com
 CAD crowd
 peopleperhour
* Freelancer

* Xxplace

Co-funded by the
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Useful Topic Related Links

L Tube R

Upwork.com

Guru.com

CAD Crowd

3D Printing Job Board

The MediaBistro
https://www.symme3d.com/

https://www.kickstarter.com/

www.indiegogo.com

https://3dprinting.com/3d-printing-
service/

10 Amazing 3D Printing Startups

Co-funded by the
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Design with 3D printing in mind

c‘
“ rslvll: ormi
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Aim and Learning Outcomes

Module Aim: To equip students with basic knowledge on
defects typically encountered in 3D printed
parts and 3D printing design rules for parts and
assemblies in order to minimise the occurrence
of such defects.

Number of Hours: 3hrs

Learning outcomes: * Acquiring knowledge on defects associated
with 3D printed parts fabricated by FDM

* Understand the influence of building
orientation over parts’ quality and
mechanical properties

* Acquiring knowledge on 3D Printing design
rules for parts and assemblies

2016-1-RO01-KA202-024578 Co-funded by the
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Lecture Outline

* Types of Defects in 3D Printed
FDM Parts

* Role of Building Orientation in
3D Printing

* Design Rules for 3D Printing
Parts and Assemblies

Co-funded by the
Erasmus+ Programme
of the European Union
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Lecture Focus

Fused Deposition Modelling (FDM) is going to be taken as the case-
study 3DP technology for defects

Less%n focus

=== =-=-=-=-== 1 | |

| | "

' Fused Deposition : Stereo Lithography  Selective Laser Other....

' Modelling (FDM) , (SL) Sintering (SLS)

| |

: : E.g. Laminated Object
I Raw material state: ! Raw material: Raw material: Manufacturing
: Polymer filament : P‘ho’ggsens.itive Powder (including (LOM):

: : Higflie szl polymer, ceramic, Raw material:
| : metal) Ty
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Types of Defects in 3D
Printed FDM Parts
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Defects in 3DP FDM Parts

* Causes of defects are classified according to the stage in which
they happen:

* This classification applies to 3D Printing processes in general,
not just FDM

ir============== r—-=—=—======== |

' Part building defects ': Post-processing
Iy defects

3D CAD STL file 3D Printing
Modelling preparation process I

[ =
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Defects Related to Data Preparation

* Inaccuracies related to data preparation, such as due:

1. STL file generation: inherent errors due to tessellation
of 3D CAD model. The resolution of STL files can be
controlled during their generation in a 3D CAD system.

STL File Save As Options X

Format
@ Binary Oascu

[ Alow to Move Internal Mesh Nodes [AExport Colors

Medium STL file Low STL file
resolution resolution
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Defects Related to Data Preparation

2. missing support structures: software can erroneously
omit support structures which result in defects during
the fabrication stage

Defective features
on the model due
to missing support

structures
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Defects Related to FDM Process

* Defects related to the FDM process include:

1. Gaps between fill and outline: the infill uses a
different pattern that the part boundary

Part Boundary

2016-1-RO01-KA202-024578

Infill
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Defects Related to FDM Process

2. blobs: which may appear on the surface of the FDM
model, due to the fact that the printer nozzle moves
back on forth in the x-y plane

Blobs

2016-1-RO01-KA202-024578
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Defects Related to FDM Process

3. staircase effect: due to the slicing of the 3D CAD models
in layers

Staircase effect

2016-1-RO01-KA202-024578
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Defects Related to FDM Process

4. wrong calibration of the 3D printer: which can lead to a
disastrous built

2016-1-RO01-KA202-024578 s Co-funded by the

Erasmus+ Programme
of the European Union



Defects Related to FDM Process

5. support structure sticking to
part: sometimes it is difficult to
remove support structure,
probably do to improper
temperature settings.

6. warpage: part can get warped
for various reasons, e.g.
incorrect built orientation, over-

usage of base plate etc.
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Erasmus+ Programme
of the European Union




Defects Related to FDM Post-Process

* Defects related to FDM post-processing include:

1. Unremoved support material: there can be internal
closed features (e.g. roof in the prototype building
below) which makes it difficult to remove support
material)

Entrapped support
material

Co-funded by the
Erasmus+ Programme
of the European Union
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Role of Building
Orientation in 3D Printing
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Role of building orientation

* Part orientation plays a crucial role in FDM, in particular on:

1. the strength of the part (remember FDM parts are weak in
the vertical direction)

2. thetype and amount of support material which is utilised

3. hence the time required to finish off built

Support material Build material

Co-funded by the
Erasmus+ Programme
of the European Union
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Affect of Orientation on 3DP parts

How Does
FDM Build
Orientation
Affect a 3D
Printed Part?

(1] Tube.

2016-1-RO01-KA202-024578

https://www.youtube.com/watch?v=oyukaFkl_GQ
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Printing Parts and
Assemblies
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3D CAD STL file
Modelling preparation

2016-1-RO01-KA202-024578

Design Rules for 3DP FDM Parts

 The design rules have been classified to reflect the three main
stages of the 3D printing cycle:

Design Rules for 11 Design Rules for
Fabrication |, Post-processing

I 3D Printing

. process :'
I e e e e e e e e - = J
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Design Rules For Data Preparation

1. Add form features (e.g.
pockets, ribs, channels and
holes) in order to improve the
mechanical properties of the
part, yet shorten building time Adding a pocket to reduce
and reduce material costs T e material

2. In case of small holes, itis
advisable to look at the least
diameter of the extruded
filament, as this will dictate the '

size which can be achieved |
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Design Rules For Data Preparation

3. In case of assemblies,
sufficient clearance (e.g.
0.5mm) between mating parts
must be taken into account.

N.B.: This varies from one FDM
printer to another —so itis
advisable to look at the guidelines
issued for specific FDM printer
models and makes.
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Design Rules For Data Preparation

4. Add holes, pockets etc. to
insert other components, such
as RFID tags, electronic circuitry
items, metal threaded inserts,
during the build process. (In
most cases, the build process
can be paused.)

5. Tryto avoid sharp corners as
much as possible as these act

as stress concentrators for FDM Round corners to eliminate
parts stress concentration
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Inserting Metal Items in FDM parts

Procedure to
insert metal
items in FDM
parts

You T3

2016-1-RO01-KA202-024578

https://www.youtube.com/watch?v=A_BcU7ipHew
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Design Rules For Data Preparation

It is advisable to design the
minimum wall thickness
according to the layer
thickness.

E.g. if the wall thickness (T) of the

partis 0.3mm, then the layer
thickness (t) is 0.1mm; if T =
0.75mm, t=0.25mm.

In this way, the staircase affect
would be minimised

2016-1-RO01-KA202-024578
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1. Material selection plays a

Desigh Rules For FDM Fabrication

fundamental role in the
oroperties of the part, including
mechanical, thermal, chemical
and electrical properties.

— s~

. Material has an influence on layer
thickness, hence a direct
influence on surface smoothness
(e.g. min. thickness for ABS is ca.
0.13mm whereas for PC is ca.

52

o =i

v 'I‘,

0.18mm) ABS car;cri-dge used in FDM
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Design Rules For FDM Fabrication

3. Select building style (i.e. density by which filament is
deposited — e.g. sparse — high density) depending on the
intended function of the printed part.

This parameter has a direct effect on mechanical properties,
material consumption and build time

Fle View Toos Hep

“roperties
Layer resolution: 0.0130
Model interior: Sparse - high density v
Support Fill: SMART v \
Number of copies: 1
STL units: Millimeters

I scale:

2016-1-RO01-KA202-024578
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Design Rules For FDM Fabrication

4. In the 3DP machine software it is advisable that you check
that the STL model units match those of the STL scale.

orill:

Nurmber of copies:

STL units:

STL scale:
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Design Rules For FDM Fabrication

5. If you want to increase the quality of the surface finish and
accuracy, opt for the smallest layer resolution

L CatalystEX - SessionB_Edit_Extrudeetc

AIES Eh'_”’W g
) al | Orientation | Pack [ Printer Status | Printer Services | o ﬁw
.ayer resolution; 0.0130 i s T = i
Model interior: 2 |
Sparse - high density v m—
; Layer resolution: |0.0130 v : I
SUDDOI't fill SMART 7 ol peericr; :7m|
Support fill: SMART ¥
Number of copies:
STL units:
-ale:

STL Sige (inches)  %: 8.41 ¥: 213 2142

2016-1-RO01-KA202-024578
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FDM Defects Due to Different Speeds

Results
obtained
when 3D
Printing using
PLA on FDM
with different
speeds

('] Tube
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https://www.youtube.com/watch?v=BBQTD9_34sQ
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1. Add holes from which soluble

Scaled down model of an Egyptian mummy head
with support material entrapped in chin area

2016-1-RO01-KA202-024578

Design Rules For FDM Post-Processing

support structure material can
be drained during post-
processing.

. The more support structures
you have, the less fine the
surface finish will be. Thus, try
to reduce support structures
when preparing the file for 3D
printing
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Useful Topic Related

INKS

Yﬂu T[lhé Dedicated CAD package on Design for 3DP

FDM for End-Use Parts:
%ST RATASYS" Tips and Technigues for Optimization

Yﬂu TUhe Inserting Metal Inserts Into 3D Printed Parts
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Boosting entrepreneurial spirit,
creativity and innovation-case studies
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Aim and Learning Outcomes

Module Aim: To equip students with basic understanding of
3D Printing business

Number of Hours: 2hrs

Learning outcomes: * Understanding the impact of 3D printing
technology in various businesses

* Acquiring knowledge of how to build a start-
up based on 3D printing
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Lecture Outline

* 3D Printing case studies in architecture and art
* 3D Printing case studies for the medical field

* 3D Printing technology as support for innovation and
creativity

* 3D Printing case studies for training and education

* 3D Printing case studies in engineering/industry
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3D Printing case studies in
architecture and art
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3D Printing in architecture and art

3D printing - revolutionary and innovative solutions for architectural
companies, for museums, national heritage buildings and also for
regular customers.

2016-1-RO01-KA202-024578 e Co-funded by the

Erasmus+ Programme
of the European Union



3D Printing in architecture and art

Benefits:

* enhancing productivity: any
complicated design is tangible very
fast;

 using many different colours and
materials (recycling included);

* flexible to client changes;
* re-edit, re-used, re-print, shared.

2016-1-RO01-KA202-024578
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3D Printing case studies
for the medical field
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3D Printing in the medical field

3D bio printing — the age when
the machines we have built are
building bits and pieces of us.

* Technology: fusing or depositing
materials such as plastic, metal,
ceramics, powders, liquids in layers;

* Visualization: help preparing and
plan a complex surgical operation.

2016-1-RO01-KA202-024578
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3D Printing in the medical field

Prosthetics for knee replacements, hands
or legs amputation, fracture support
casts, eyes, noses for patients with facial
disfigurement, ex etc.

* functional, versatile, easily customized;

* realized within a day;

» affordable prices.

Co-funded by the
Erasmus+ Programme
of the European Union
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3D Printing in the medical field

Prosthetics — 3D printed robotic arms
and legs

* only in USA, close to 200,000
amputations are performed each year;

* easier and quicker printing;
eeasier and quicker assembly;

* low price solution 3DP prosthetic with
respect to classic technologies.

Co-funded by the
Erasmus+ Programme
of the European Union
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3D Printing in the medical field

Prosthetics eyes

* a 3D Printer can produce 150 prosthetic
eyes/hour and reducing the cost by 97%
of the existing handmade versions.

Prosthetic ears

* hundreds of thousands of people have
suffered ear injuries due to gunshot
wounds, cancer of the ear or micotia, a
malformation of the external ear;

* scientists are creating new ears with 3D-
Printing and human stem cells.

2016-1-RO01-KA202-024578

Co-funded by the
Erasmus+ Programme
of the European Union




3D Printing in the medical field

3D bio printing tissues & organs
* a bio printing machine is capable to print human tissues;
* 3D printed skin for burned people;

* Challenge: keeping larger tissues alive, finding materials for 3D
bio printing.

* 3D printed heart helps develop lifesaving multi-steerable Sigma
Catheter. e
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3D Printing in the medical field

Dental 3D Printing - Teeth,
Implants, Dentures and Crown;

* personalized, accurate model;
* quick making;

* clean process - a lot less messy
than plaster method;

e various materials;
» affordable price;

* easy to store in digital

formats.

2016-1-RO01-KA202-024578
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3DP in Medicine and Healthcare

3D Printing in Maxillofacial

and Oral Surgery - dental
implants and crowns;

* helps dentist to diagnose and
decide about the treatment;

* create templates and surgical
drill guides for birth defects,
injury or receding bone surgery;

 duration of the process:
approx. one hour.

2016-1-RO01-KA202-024578
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3D Printing technology as support
for innovation and creativity
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3D Printing-Creativity and Innovation

Print your own bionic limb - Open Bionics startup

* allows anyone in the world to download and 3D print their own
bionic limbs;

* the business project - Low-cost bionic hands that look and feel
good - won the finals of Intel's “Make it wearable” Challenge
(5250,000).

Co-funded by the
Erasmus+ Programme
of the European Union
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3D Printing-Creativity and Innovation

Integrated Energy System
* clean energy technologies into a 3D-printed building and vehicle;

e connect a natural-gas-powered hybrid electric vehicle with a solar-
powered building to create an integrated energy system.
]
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3D Printing case studies for
training and education
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3D Printing in training and education

Revolutionizing the classroom

 stimulating creativity and * create responsible digital
innovation; citizens;

* encouraging artistic * making everything hands on;
potential;

* solving real world problems.
e promoting team work;

b, P

Co-funded by the
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3D Printing in training and education

Revolutionizing the
classroom

* Chemistry — models of
complex molecule structures
and substances;

* Biology — studying cross
section of different organs,
bone structures.

Co-funded by the
Erasmus+ Programme
of the European Union
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3D Printing in training and education

Revolutionizing the
classroom

* Design and Engineering —
students can print their own
prototypes: cars, engine
parts etc.

Co-funded by the
Erasmus+ Programme
of the European Union
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3D Printing in training and education

Revolutionizing the
classroom

* History — students can print
historical artifacts for
examination, historic
buildings for examination;
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3D Printing in training and education

Revolutionizing the classroom

* Games — students can print old games
elements or can invent new games;

* Musical instruments — new design for
regular instruments or creating new ones.
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3D Printing case studies in
engineering/industry
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3D Printing in engineering/industry

T .,
Revolutionizing the automotive U P Vg
industry |

* Engine design — new models

*3D Printing - the most cost-effective and
time-saving method in the designers tool
box to refresh their models
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3D Printing in engineering/industry

Changing the industry

* manufactures use 3D printing for their
propeller designs

* revolutionized the way they create
prototypes and designs

011703 1 1Y SANON

UUUUU
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3D Printing in engineering/industry

Producing factory goods

* Opportunity for smaller
companies allowing them to
compete with bigger companies
and offer consumers choice

* Repair and maintenance market

Co-funded by the
Erasmus+ Programme
of the European Union
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3D Printing in engineering/industry

Producing factory goods

* Cheaper and more efficient
production for auto, medical,
and aerospace

2016'1'R001'KA202'024578 o CO'fUnded by the
I rasmus+ Programme
of the European Union




Useful Topic Related Links

*3D Printer a Game Changer for Architecture
Design - https://www.youtube.com/watch?v=cOaqRkLP4l|

« Sagrada Familia, 3D Printed model
https://www.youtube.com/watch?v=UJ8NcKNIZzg

« First 3D printed house builded on site

http://apis-cor.com/en/about/news/first-house

* 3D Printing for Architects:
http://my3dconcepts.com/3dp-for-architects-Im/

Y
2016-1-RO01-KA202-024578
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Useful Topic Related Links

* The bioprinting process
https://www.youtube.com/watch?v=s3CiJ26YS U

« Normal 3D Prints Totally Customized Earphones in
2 days: https://www.youtube.com/watch?v=5YB8BjOn6B0
* https://www.youtube.com/watch?v=XvcpC424HAI

« Painted Arm Prosthetic for a 5 year old girl:
https://www.youtube.com/watch?v=JDL16rmwgHw

You 13

« 3D Printing in Education
https://www.youtube.com/watch?v=X5AZzOw7FwA
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Future of 3D printing
technologies
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Aim and Learning Outcomes

Module Aim: To present an overview of the 3D printing
technologies future

Number of Hours: 2hrs

Learning outcomes: * Understanding the potential risks and
regulations related to 3D printing
technologies

* Acquiring knowledge on 3D printing trends
and developments
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Lecture Outline

* Myths and reality in 3D Printing
* 3D Printing risks and regulations
* 3D Printing trends and developments

* Examples
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Myths and reality in 3D
Printing
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Myths and reality in 3D Printing

The myths are causing a mix of enthusiasm and disappointment

with 3D printing technology, potentially slowing its wider adoption
and development.

3D printers cost too much The price range is very wide
and starts from about $100

3D printing is only for plastics Lots of other materials can be
3D printed: metal, wood,
resins, carbon fiber, bio-
materials, food, concrete, etc.
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Myths and reality in 3D Printing

3D printers can print We cannot 3D print organs today
human organs

Things are quicker to 3D printing is slower than
make on a 3D printer conventional production processes

Every home will have a 3D There are too few applications for

printer, soon the average person to justify the
costs and efforts involved with
purchasing and operating a 3D
printer.
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Myths and reality in 3D Printing

Some things are 3D printing makes prototyping

cheaper to make on a phase cheaper but end products are

3D printer still not cheaper to make ona 3D
printer

3D printing is for large- 3D printing is suitable for

scale manufacturing customized production. It can be
convenient to 3D print small batches
of highly complex products
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3D Printing risks and
regulations
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3D Printing risks — Intellectual property

3D printing technology allows designs and products to be copied
and replicated easily.
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3D Printing risks — cyber risks

Blueprints for 3D products are software files so they can be:
e Stolen and used to 3D print products

 Manipulated by hackers
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3D Printing risks — liability

3D printing technology blurs boundaries between the different
roles in the production chain.

Who's responsible for damages
caused by a 3D printed object?
The blueprint creator? The 3D
printing provider? The person
who printed the object?

A clear legal framework needs to be developed.
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3D Printing risks — counterfeiting

3D printing technology simplifies the
manufacture of counterfeit goods.

Big concerns are related to sensitive
sectors, like aerospace and medical.
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3D Printing regulation

Regulations is needed especially for controlling 3D printed objects
for potential criminal use as for example guns, keys or the
manipulation of ATMs.
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3D Printing trends and
developments
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3D Printing trends and developments

* Multi-material 3D printing

e Multi-color 3D printing

* Faster, better, larger and easier to use 3D printers
e Easier 3D modelling

* New applications for 3D printing

* Improvements in metal printing

* 3D printed buildings

* New 3D printing materials
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Examples
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Multi-material/multi-color 3D printing

Applications: highly realistic
prototypes, models and
learning aids; dissolvable
supports

Available materials: resins,
dissolvable filament
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Metal 3D printing

Applications: prototypes,
functional parts, jewelry,
medical implants, etc.

Available materials:
aluminum, steel, brass,
copper, silver, gold, platinum,
titanium

2016-1-RO01-KA202-024578 Co-funded by the

Erasmus+ Programme
of the European Union




3D printed buildings

Applications: houses,
apartments, office buildings,
structures on Moon and Mars

Materials: concrete, plastic,
resin, mud, etc.
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Large 3D prints - cars
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