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Materials to go through to be inspired

° https://www.prusa3d.com/ebook-basics-of-3d-printing-with-josef-prusa/ - Nice free e-book for beginners

° https://www.thingiverse.com/ - Database of free models, search for inspiration

* https://www.3dhubs.com/quides/3d-printing/ - Relevant source of information

* https://3dprinting.com/ - Relevant source of information

° https://www.sketchup.com/plans-and-pricing/sketchup-free - Easy modelling software with stl conversion

° https://www.autodesk.com/products/fusion-360/students-teachers-educators - Go professional with modelling,
free for students

et) Mentocturng EYML
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Workshop structure

* Whatis 3D printing?

° What are the principles used for different materials?
° What are strengths and weaknesses of 3D printing?
° Whatis a process behind each part?

* How to start?

@ Manufacturing [ O]
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What is 3D printing and how does it work?
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What is 3D printing and how does it work?

* 3D printing or Additive Manufacturing is a process of making three dimensional solid objects from a digital
data (model).

° Additive proces means that material is added in layers and object is created by laying down successive
layers. Each of these layers are thin horizontal cross-section of the final object.

* 3D printing is another approach to subtractive manufacturing which is typically machining (cutting) out
material from stock with tools (milling, turning, grinding) or forming (injection molding).

* 3D printing enables you to produce complex shapes where no special tools are required (for example, a
cutting tool with certain geometry or a mold).

o
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What is 3D printing and how does it work?

Filament material
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What materials and principles are
used for 3D printing??
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What are strengths and weaknesses of 3D printing?

Gartner hype cycle

Peak of Inflated
Expectations

Plateau of
Productivity

Expectations

Innovation Trough of
Trigger Disillusionment
Time
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3D Printing in Retad

Macro 3D Printing @ Classroom 3D Printing

Directed Energy Deposition

3D Printed Drugs A Q 3D Printed Surgical Implants

Sheet Lamination 30 Printing
Service Bureaus
3D Print Creation

Software

3D Printing in Supply Chain
3D Bioprinting for Life Scence R&D
= 3D Printing of Medical Devices

IP Protection in 3D Printing
Managed 3D Print Services

_ 30 Printing in
3D Printing in Oil and Gas — 3D Bioprinted Human Tissue Automative
3D Printed Wearables Powder Bed Fusion 30 Scanners

30 Bioprinted Organ Transplants
Consumer 3D Printing Matenal Extrusion

Enterprise 3D Printing

Nanoscale 3D Printing
30 Printing Workflow Software

3D Printing in

expectations

Manufacturing Operations Binder Jetting
30 Printing of Consumable ing i ’ 3D Printing of Dental Devices
3D Printing in ®
Personal Products ;
Aerospace and Defense ‘- 30 Printed Tooling, Jigs and Fixtures
Blockchain in 3D Printing £ Stereclithography
£ 3D Printing With Bound Materials Printed Electronics

3D Printed Presurgery Anatomical Models

As of July 2018

Poak of

inflated

Innovatior Trough of Slope of Platoau of
Trigget e Lda DisHlusionment Enlightenment Productivity
=xpaciations

time
Plateau will be reached:
O lessthan2years @ 2toSyears @ 5to 10 years

A more than 10 years ® obsolete before plateau
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What are strengths and weaknesses of 3D printing?

Benefits of 3D printing

Geometric complexity at no extra cost

Very low start-up costs

Customization of each and every part

Low-cost prototyping with very quick turnaround
No special tools, molds needed

Fast growing range of materials

@ Manufacturing [ O]
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Limitations of 3D printing

Lower strength & anisotropy of material properties
Less cost-competitive at higher volumes

Limited accuracy & tolerances

Surface roughness and texture

Post-processing & support removal

On hi-tech parts machining is still needed
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What are strengths and weaknesses of 3D printing?

— Formin g
Subtract
—  Additi
:
& \
S Additive Manufactun
Conventional Manufacturing
Number of parts ' Complexity of Part
®
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Current applications
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What is 3D printing process?

How to get from model to part?

’ i (7" 4
= 1 ',I , gy T . ;."'.-‘.'. : ) :
v ' : ST ,:'~ "v‘ |/ A o Y o .
I RaRis e | :
. 2.Conversion 3.Preparation .
1.CAD - creation of of model to of print data in 4. 3D printer 5.Print 6.Postprocessing 7.Part
model STL slicer® setup

YML
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How to start at home
Free CAD modelling for students

AUTODESK
FUSION 360

2 version 3.Preparation
model o > fp tdt > 43Dp nter > > 6.Postprocessin g> 7.Part >
STL

(Et) Mensocurne M :YML
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How to start at home

SECTOR SKILLS STRATECY

W;hqta_r.e thg” . 0

Gaps in Top Layers Stnnging or Dating Overheating Layer Shifting

Abllity fo use space geometry

Creatfivity In design of new components specifically for AM
Knowledge and appedal In statics, dynamics,
strength and powder melallwgy.

Ability to make accurale and sensifive dimemsional
measurements and lolerances.

BASICS OF
30 PRINTING

Abllity to coordinate virtual 30 date and
the real-lite physical object.

RO

Layer Separation and Splitting Grindang Flament Clogged Tatruder Stops Eatruding Mid Print
wim Joset Pruso Ability to apply topology mathematics in AM.
2.Conversion 3.Preparation 4. 3D printer
of model to of print data in ety 5.Print 6.Postprocessing 7.Part
STL Lslicer P

&
http://www.skills4am.eu/3dprintstudents.html ]

https://www.simplify3d.com/support/
https://www.prusa3d.com/ebook-basics-of-3d-printing-with-josef-
prusa/# ga=2.242676737.247051190.1595838488-295721172.1588599037



http://www.skills4am.eu/3dprintstudents.html
https://www.simplify3d.com/support/
https://www.prusa3d.com/ebook-basics-of-3d-printing-with-josef-prusa/#_ga=2.242676737.247051190.1595838488-295721172.1588599037

How to start at home
Convert your model to STL or download STL made by someone else

=
i T

. 3.Preparation -
1.CAD - creation of : : 4. 3D printer . .
model ‘ of prlsrllitctézri‘t‘a in setup > 5.Pr|nt> 6.Postprocessing > 7.Part >
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How to start at home

) 2.Conversion
1.CAD - creation of of model to

model STL

4. 3D printer . .
setup 5.Print 6.Postprocessing > 7.Part >
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3D model _@_ Slicer + (macf-lli-no(:)iu:'?rt?tions)
H h 5 1
OW to Start at O m e Downloaded model Parameters and configuration =

from the internet

Filament type

7 G-code file
@/ﬂ Infill density
Custom made model Temperatures
Supports

Layer height
Number of perimeters

STL file
+

A

Object manipulation

Placement
Number of copies
Scaling

Rotation

3D printer

Data preparation by e
Prusa 3D
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How to start at home

FDM - Put selected material into a printer and start.

: 2. Conver3|on 3.Preparation
1.CAD ;](():(rjeefiltlon of of model to of print data in 5.Print 6.Postprocessing 7.Part
STL »slicer®
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Ultimate 3D Printing Materials Guide by Simplify3D

«w“..f 3 a.w G,

mbo

i -

Nylon Wood Filled PVA

Metal Hotend

Metal Hotend

Part Cooling Fan

Cooling Fan

Flexible HIPS PETG Carbon Polycarbonate Polypropylene Metal Filled
Fiber Filled

Compare Selected = E [ [ [
Ultimate Strength * ‘ “32
Stiffness — _‘.{1. A
Durability g 5 =
:':r::::‘a"t‘ui:“"“’ 98+ 60- 74+ 52+ 100 73 80-95° 52+ 95- 121 100-c 52 52+ 75+
::::":i:t of Thermal 90 i 157 umim->c 68 80 i/ 60 umiim-=C 95 i iC 57.5 ymimc 98 Lmim-"C 60 i< 150 yrmim-=c 33.75 30.5umim-c 85 umim
Density 1.04 g 1.19-1.232em 1.24¢ 1.03-1.04gicm 1.23g/cm 1.06-1.142:cm 1.3= 1.07 gem 1.2z 0.9 z/cm 2-4gicn 1.15-1.25gwm 1.23¢
Price (per kg) $10- 540 530-570 $10- 540 $24-532 £20- 560 §25- 365 $30- £80 £38- 540 $40- £75 $60- 5120 50- 5120 $25- %55 540- 5110
ety EEEE EEE EEES EEE EEEE ENSE BEEE EESI EEE @ BE N

8/10 6/10 9/10 6/10 9/10 8110 8110 7710 6710 a7 7410
Extruder Temperature 220-250+ 225-245«c 190 - 220+ 230- 245+ 230-250+ 220-270+c 200-230+< 235-255+= 260-310+c 220-250-c 180-220+c 190 - 220+c 185-200-c
Bed temperature 95-110=< 45-60-c 45-60-c 100-115=c 75-90= 70-90+c 45-60+c 90-110-c 80-120+< 85-100-c 45-60-c 45-60-C 45-60°c
Heated Bed Required Optional Optional Required Required Required Optional Required Required Required Optional Optional Required
Painter's Painter’s : > : \
Recommended Buiid Kapton Tape, PEl, Painter's Tape, Glue Glass P!ate, Glue Stick, : Tape, Glue - Fe, Co'mmercual Eacking Tape, Eaniey's Painter's Tape, | PEI, Painter's
2 Glue Stick, : f Glue Stick, PEI : Glue Stick, PEl | Adhesive, Glue Polypropylene Tape, Glue :
Surfaces ABS Slurry Tape Stick, Glass Painter’s Tape Stick, Glass : : Glue Stick, PEI Tape
Plate. PEI Kapton Tape Plate. PEI Stick Sheet Stick, PEI
Heated Bed, Wear
Other Hardware Heated Bed, Part Cooling Part Cooling Heated Bed, Heated Bed, Enclosure Part Cooling E::'Le:-lrs:d. g::l:)e:xrgeed' Resistant or Part Cooling Heated Bed,
R % t Enclosure Fan Fan Enclosure Part Cooling Recommended, Ek Heated Bed Ricomvendsainl | Rerairais Stainless Steel Fan Part Cooling
equirements Recommended 5 Recommended | Fan May Require All & aialbalian R R Nozzle, Part Fan



How to start at home

Printing may take some time so:
* Do something else
° Enjoy your virtual friends

* Watch sports on TV

* Worse case scenario do something real outside ©

. 2.Conversion 3.Preparation
1.CAD ;](():(rj%?tlon 0> of model to > of print data i |n 4. 35e|tour;)nter , 6.Postprocessing > 7.Part >
STL »slicer
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How to start at home

FDM SLA

. 2.Conversion 3.Preparation :
1.CAD —creation of of model to of print data in 4. 3D printer 5.Print
model STL ,slicer® setup
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How to start at home

. 2.Conversion 3.Preparation :
1.CAD —creation of of model to of print data in 4. 3D printer 5.Print 7.Part
model STL ,slicer® setup
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How to start at home
Enjoy and improve your part

>

. 2.Conversion 3.Preparation :
1.CAD r;ga%?tlon 0> of model to > of print data in > * Bg)eﬁjr;)nter > 5.Print > 6.Postprocessing ‘
STL »slicer

YML
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sSources

https://www.thingiverse.com/

https://www.3dhubs.com/quides/3d-printing/

https://3dprinting.com/
https://www.prusa3d.com/ebook-basics-of-3d-printing-with-josef-prusa/
https://www.sketchup.com/plans-and-pricing/sketchup-free
https://www.autodesk.com/products/fusion-360/students-teachers-educators

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DT64LZFO T30&psig=AOvVaw3h2A4h45ri9EEAtHJ
3Sksx&ust=1595922664492000&source=images&cd=vie&ved=0CAIQ|RxqFwoTCOjak7{5700CFQAAAAAJAAAAABAV

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.productdesigny.com%2Fmedia%2Fviewer%2Fdiqgital fabrication 3DP Prusa&psig=
AOvWawlhEr7P9hemJ209A7VkY9JH&uUst=1595922510612000&source=images&cd=vfe&ved=0CAIQjRxaFwoTCLjomPz5700CFOQAAAAAJAAAA
ABAD

https://www.google.com/url?sa=i&url=https%3A%2F%2Fsupport.formlabs.com%2Fs%2Farticle%2FAdvanced-Support-Removal-
Techniques&psig=A0vVaw0SKJdBgFpV5NDIW-
OrUDb &ust=1595922320542000&source=images&cd=vfe&ved=0CAIQjRxgqFwoTCICk7076700CFQAAAAAJAAAAABAL
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https://www.google.com/url?sa=i&url=https://www.productdesigny.com/media/viewer/digital_fabrication__3DP_Prusa&psig=AOvVaw1hEr7P9hemJ2O9A7VkY9JH&ust=1595922510612000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLjomPz57OoCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https://support.formlabs.com/s/article/Advanced-Support-Removal-Techniques&psig=AOvVaw0SKJdBgFpV5NDlW-0rUDb_&ust=1595922320542000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCICk7o767OoCFQAAAAAdAAAAABAL

