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Tomas Michalek
www.3Dtovarna.cz

tomas.michalek@3dkonzultant.cz #PomahameTvorit



http://twitter.com/qetak
http://www.3dtovarna.cz

O mne

MakersLab spoluzakladatel
3D printing consultant
Noveé technologie

IT/telco

Cestovani & fotografie
Beham maratony

MAKERS
LAB
P /N Paralelni Polis

Tomas Michalek
@getak



i

Romneyomics explained The SPECIAL REPORT
Th e The euro crisis: back after its siesta

> Economist MANUFACTURING AND INNOVATION
E CONnNomis t Argentina’s oil grab

April 215t 2012
The science of guerrilla warfare

America’s bagel king

The thlrd mdstr al

A third industrial revolution




3D tovarna

Rychlost a flexibilita vyroby
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Malosériova vyroba




Masky - StarWars




Masky - Cosplay




Harmonogram skoleni

CTVRTEK

l. Uvod do 3D tisku <10:00 - 11:15>
Il. Jak ziskat model pro tisk? <11:30-13:00>
lll. Modelovaci nastroj Fusion <11:30 -12:45>
IV. Priprava modelu pro tisk <14:00 - 15:15>

PATEK

V. Prace s tiskarnou <9:00 -10:15>
VI. OpenSCAD modelovani/tisk <10:30 - 12:00>
Vil. Zameéreno na skoly a ucitele <13:00 - 15:00>



l. Uvod do 3D tisku

Proces, technologie, materialy

#PomahameTvorit



Kdo ma uz nejake zkusenosti s
3D tiskem?



Z 3D modelu




... do fyzického objektu
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Proc se o 3D tisku tolik mluvi?



Novinka?

‘Revolutionary’

Machine makes 3-D objects from drawings | §§

By Kathleen Srul_l;a'm

American-Statesman Staff

Wedged into the corner of an un-
used photo lab at the University of
Texas is an ungainly machine that
can transform a computer drawing
into a three-dimensional model at
the touch of a button.

Sometime next year, the ma-
chine, which was developed by a
UT graduate student, will make its

-way out of the lab and into the
commercial arena. It will leave with
the blessing of the UT Board of Re-
gents, which Thursday gave an
Austin company exclusive licens-
ing rights to the “revolutionary”
new technology embodied in the
machine.

The licensing pact paves the way
for the first transfer of technology
from the University of Texas at
Austin to a commercial venture.

The company that won the right
to market the invention is Nova
Automation Corp., whose principal
shareholders are an Austin con-
sulting engineer and Nova Graph-
ics International Corp., an Austin-
based computer graphics software
firm.

The agreement represents a
“hard fought” victory for UT’s
fledgling Center for Technology
Development and Transfer, said
Meg Wilson, coordinator of the
center, which was given life during
the last Texas Legislature and got

See Inventor, A11

' 0to by Ralph Barrera
Associate Professor Joe Beaman shows some three-dimensional plastic models

made by the ‘selective laser centering’ device developed by Carl Deckard, left.
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3D tisk je tady
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Vyprseni patentu
Stolni 3D tiskarny
Ceny dolu




stolni

Stolni vs prumyslové

prumyslova




Jak 3D tisk vlastné funguje?



Proces tisku

1. design/modelovani <STL>
2. priprava pro tisk <GCODE>
3. tisk

4. (povrchova uprava)
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Zpracovani modelu
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Technologie 3D tisku



3D tiskove technologie

ADDITIVE MANUFACTURING TECHNOLOGIES

6
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Find out more at www.3dhubs.com/what-is-3d-printing
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Powder bed fusion

Fused with agent
and energy
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MJF SLS

Multi Jet Fusion
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https://www.3dhubs.com/get/am-technologies
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Slinovani laserem - SLS
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Materialy 3D tisku



Filament

Termoplasty: ABS, PLA, PET, nylon, PC,
drevene plnivo, flex...

https://www.prusa3d.cz/materialy/



https://www.prusa3d.cz/materialy/




Resin




Polyamid
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Il. Jak ziskat model pro tisk?

Vytvorime prvni 3D modely

#PomahameTvorit



Databaze modelu

]

Run The Jewels

Camping Pebble

www.thingiverse.com



http://www.thingiverse.com

e
- 5

MakersLab modely - zdarma

ABOUT DESIGNS COLLECTIONS MAKES LIKES

-
Qw POPULAR v FILTER wv SEARCH p
I—v—I

Jul 29, 2015 May 23, 2016

edallion - Witcher Wolf - La...
akerstabcz

Makerslab Paralelni
Polis

makerslabcz Prague

FOLLOWING
TIP DESIGNER
Predator Shoulder Cannon

76 7 5 by "ﬂ(gr‘slab:z ]

FOLLOWERS FOLLOWING

Jul 13, 2016 Jul 20, 2016

Gengar Low-poly Pokemon
by makersiabcz

102 4

DESIGNS COLLECTIONS

¥ 65

8 28
http://www.thingiverse.com/makerslabcz/designs



http://www.thingiverse.com/makerslabcz/designs

3D modelovani

(St 10cm ]
e 1km )

v Qutline Selected

® ) blender https://www.blender.org/



https://www.blender.org/

3D skenovani

skenovani geometrie povrchu objektu



Pojd’'me vytvorit prvni model

['_ﬂ! Design Edit  Help "ﬁ _’% D .0’ \\\\\v‘ A 1 *
C A —

Favorites

0 ‘‘‘‘‘‘
File URL
= Vybrat soubor | Soubor nevybran
IIIIII
Shape Gener. ators

RIS

A https://www.tinkercad.com/


https://www.tinkercad.com/

Typy modelovani

Socharina (Sculpting)
Parametr (funkce a polygon )
Matematicke (vzorce)
Modelovani (klasicke)



Oprava STL modelu

* Watertight

* Wall thickness analysis

* Wall clearance analysis

* Gaps, Holes

* Non manifold components
* Self intersections

* Duplicate triangles/vertices
* Duplicate vertices

* Disconnected parts

https://tools3d.azurewebsites.net/ nebo netfabb



https://tools3d.azurewebsites.net/
https://tools3d.azurewebsites.net/

Manifold




Detail vs velikost

e Kam az mohu zajit

Hertion |: 4 trangles

e Co mi staci?
e Co zvladne PC?

leration 3: 64 trisngles

lermion 5. 1024 wiangles

Heration 2: 16 triangles

[eration 4: 256 trianghes

heration 6: 4096 triangles



lll. Modelovaci nastroj Fusion

#PomahameTvorit



Fusion 360

Parametrické modelovani

Lze viozit designy z Eagle
Autodesk produkt

Potreba vytvorit autodesk ucet
Zdarma pro ucitele a studenty

https://www.autodesk.com/products/fusion-360/student
s-teachers-educators



https://www.autodesk.com/products/fusion-360/students-teachers-educators
https://www.autodesk.com/products/fusion-360/students-teachers-educators

IV. Priprava modelu pro tisk

#PomahameTvorit



Fiprava modelu pro t

22 netfabb Basic 5.0 - canon_t3i_lens_hood_ring_58mm fabbproject
Project Edit Part Extras View Settings Help

‘AR 000000 SDO0E

y X
WA

@ rotate/move move and rotate the selected parts by the mouse and the cursor keys

J (8

eale p@pon

YRLODB-A- *a

[E=8 OB &)

10f 1 partis selected.

#- @) Parts &
= Slices =
Cuts
X « 000 mm
Y. « 000 mm
z « 000 mm
<cutting disabled> -
Reset |
Information
Length: 6649 mm  Volume: 094 cm
Width: 6649 mm Area 2104 cm?
Height 300 mm Triangles 176

kontrola

@ Shicr

File Plater Object Window Help

Plater | Print Settings ‘ Filament Settings : Printer Settings

[(5 Add... |3 Delete

[,\g Delete All ; @ Arrange ‘E‘Q‘B

Y =100

X =100

B

2D ]3D Preview

=] E )=

‘7 o Scale..

% Split H Cut... Hﬂ Settings... |

Print settings: ‘DETAIL

Filament: ‘pl’USE ABS

Printer: ‘Prusa i3 ABS

| SExportsTL..

canon_t3i_lens_hood_ri...

Info

Size: 66.49 x 66.49 x 3.00
Facets: 1176 (1 shells)
Manifold: Yes

| Name Cop...

1

H _Export G-code... ‘

Scale
100%

Volume: 940.80
Materials: 1

slicer




Slicery

Software pro zpracovani modelu pro
tisk - “nareze” model na vrstvy
Vkladam STL a generuji GCODE,
ktery tiskarna umi zpracovat

Slic3r

Slic3r - Prusa Edition

Simplify3D

Cura

KissSlicer



http://slic3r.org/
https://www.prusa3d.com/slic3r-prusa-edition/
https://www.simplify3d.com/
https://ultimaker.com/en/products/ultimaker-cura-software
http://www.kisslicer.com/

Skirt, Raft, Brim

raft skirt

brim



VIl. Zamereno na skoly, ucitele
a zaky

#PomahameTvorit



Proc tisknout veci na 3D tiskarne?



Rychlost vyroby a inovace

Speed to market - vyroba v radu jednotek dni



Komplexni tvary

todam

mi me

Tvary, které nelze vyrobit tradicni

Cena zust

lozitoti tvaru

islanas
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Masova personalizace

Kazdy kus je jiny
... za stejnou cenu




Odpada montaz

1320 smontovanych dilu
Vytisknuto jako jeden celek



Vyuziti 3D tisku dnes

Ostatni

Prototypy

Vyroba nastroju @
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Tradicni vs 3D tisk (aditivni)




Odkud cerpat informace?



Facebookova komunita - 3D tisk

3D tisk

3D tisk

About
Discussion
Announcements
Members
Events

Videos

Photos

Files

Group Insights

Joined v  + Notifications ~ Share +++ More

Moderate Group

# Write Post  [8] Add Photo/Video  [M Live Video = & More ATEGORIZE POSTS + Create Topic

Add topics to posts to help group members find
@ e the information they're interested in.

& Open Innovations Tym (...
Embed Invite

‘:’ 3D modelovani - 3D ... = @ Photo/Video {gg Get Together [y Watch Party

Malarclah Adran

https://www.facebook.com/groups/3dtisk/



https://www.facebook.com/groups/3dtisk/

Literatura



Kniha - Hod Lipson: Fabricated

-FABRICATED

THE NEW WORLD OF 3D PRINTING

http://www.amazon.com/Fabricated-The-New-World-Printing/dp/1118350634



http://www.amazon.com/Fabricated-The-New-World-Printing/dp/1118350634

Prusa ebook

https://www.prusa3d.cz/kniha-zaklady-3d-tisku-josefa-prusi/



https://www.prusa3d.cz/kniha-zaklady-3d-tisku-josefa-prusi/

Prusa manualy
PRIRUCKA
3D TISKARE

UZIVATELSKY MANUAL 3D TISKAREN:
- ORIGINAL PRUSA 3 MK3 KIT e

Manualy v ¢estiné

Manuily v Eestiné pro Original Prusa i3 3D tiskarnu

- ORIGINAL PRUSA 3 MK3

'L =
L & A

Jak sestavit Original Prusa Original Prusai3 MK2 na Jak sestavit Original Prusa Original Prusa i3 MK2/S Original Prusa i3 MK2S na

i3 MK25v2.05 MK2S upgrade i3MK3v3.05 naMulti Material upgrade  MK2.5 upgrade v2.52
IEN -l L
5
7
=l
’ >
SR MK — i“
N i
Original Prusa i3 MK25 na . L&
MK3 upgrade Prusa starsi navody

How-to Guides

https://manual.prusa3d.com/c/Manualy v cestiné
http://[prusa3d.com/downloads/manual/prusa3d manual mk3 cz 3 03.pdf



https://manual.prusa3d.com/c/Manu%C3%A1ly_v_%C4%8De%C5%A1tin%C4%9B
http://prusa3d.com/downloads/manual/prusa3d_manual_mk3_cz_3_03.pdf
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http://sdu.ictp.it/3D/book.html

RULES FOR INNOVATION
IN THE NEW WORLD OF
CRAFTERS, HACKERS, AND TINKERERS

THE

MALKER

MOVEMENT
MANIFESTO

MARK HATCH

CEO, TECHSHOP

The Maker Movement Manifesto
Rules for Innovation in the New
World of Crafters, Hackers, and
Tinkerers by Mark Hatch

mheducation.asia

]

Getting
Started with
RepRap

Josef Prirda,

72y

P

THE NEW
INDUSTRIAL
REVOLUTION
CHRIS ANDERSON

Tout savoir sur I'impression
3D en 200 pages papier

Makers : the new industrial
revolution
impression 3D avec liens vers

sites Pinned fr
catalog.kentonlibrary.org

alternatives.blog.lemonde.fr

7D PRINTING
e inousrat eevoruon Y

3D Printing

Learn to:

L g e St
et
e s s
Petns bt rscrom b 10 preing
Conm e o B 5 e

Kalani Kirk Hausman

3D printing for dummies

3D Printing: The Next Industrial
Revolution

amazon.com

3d-printing-today blogspot.com

cmom BEs
T ;Ek
Open Book on “"Low-cost 3D

Printing for Science, Education
and Sustainable Development”

sdu.ictp.it

30 PRINTING

THE NEXT
TECHNOLOGY
COLD RUSH

FUTURE FACTORIES AND HOW TO CAPITALIZE ON
DISTRIBUTED MANUFACTURING

By Christopher D. Winnan

3D Printing: The Next Technology
Gold Rush - Future Factories and
How to Capitalize on Distributed
Manufacturing

geniusebook.com

https://Iwww.pinterest.com/3dtisk/knihy-3d-tisk/



https://www.pinterest.com/3dtisk/knihy-3d-tisk/

3D Hubs - 3D printer Guide

Hodnoceni tiskaren dle uzivatelu
https://www.3dhubs.com/best-3d-printer-quide

3D printing Handbook
https://www.3dhubs.com/3d-printing-handbook

' The
3D Printing
Handbook



https://www.3dhubs.com/best-3d-printer-guide
https://www.3dhubs.com/3d-printing-handbook




Youtuberi o 3D tisku

Prusa - https://www.prusa3d.cz/videa-jak-pouzivat-tiskarnu/

Thomas Sanladerer -
https://www.youtube.com/user/ThomasSanladerer

3D printing nerd - VIDEA JAK POUZIVAT TISKARNU
http://the3dprintingnerd.com/ GUIDEFanAm-'wusEn ﬁ_ THE RIGHT WAY TO TEST B8

£ -::“

3D Maker Noob -
https://3dmakernoob.com/

a mnoho dalsich...
https://all3dp.com/1/best-youtube-channels-3d-printing/



https://www.prusa3d.cz/videa-jak-pouzivat-tiskarnu/
https://www.youtube.com/user/ThomasSanladerer
http://the3dprintingnerd.com/
https://3dmakernoob.com/
https://all3dp.com/1/best-youtube-channels-3d-printing/

Youtuberi o 3D modelovani

Fusion 360

https://www.youtube.com/channel/UCiMwMz3RMbW5mbx0iDcRQ2
d

OpenSCAD

Paul Randall - 3DPrinting4EDU
https://www.youtube.com/channel/lUCnhxMaGMCrWAQgwF61ISRp
Gw/featured

DIY3Dtech
https://www.youtube.com/channel/lUCNfTwYpWGkDcGhvzj4RoRh

Q



https://www.youtube.com/channel/UCiMwMz3RMbW5mbx0iDcRQ2g
https://www.youtube.com/channel/UCiMwMz3RMbW5mbx0iDcRQ2g
https://www.youtube.com/channel/UCnxMaGMCrWAQgwF61ISRpGw/featured
https://www.youtube.com/channel/UCnxMaGMCrWAQgwF61ISRpGw/featured
https://www.youtube.com/channel/UCNfTwYpWGkDcGhvzj4RoRhQ
https://www.youtube.com/channel/UCNfTwYpWGkDcGhvzj4RoRhQ

3D pro skoly



Thingiverse Education

THINGIVERSE EDUCATION

BROWSE EDUCATIONAL PROJECTS

: A ] i ‘
Art Engineering Geography Hist Aath al Ed Tecl
K-5 6-8 n‘?
Lessons with
9-12 UNIVERSITY BlocksCAD

https://www.thingiverse.com/education



https://www.thingiverse.com/education

MakerBot - Prirucka pro ucitele

MAKERBOT
EDUCATORS
GUIDEBOOK

https://www.makerbot.com/education/3d-printing-guidebook/

http://pages.makerbot.com/rs/444-ZTM-866/images/MakerBot Edu
cators Guidebook vf2.pdf



https://www.makerbot.com/education/3d-printing-guidebook/
http://pages.makerbot.com/rs/444-ZTM-866/images/MakerBot_Educators_Guidebook_vf2.pdf
http://pages.makerbot.com/rs/444-ZTM-866/images/MakerBot_Educators_Guidebook_vf2.pdf

3D printers have actually been around
for about 30 years. Barriers like cost
are breaking down, so they're now
becoming available to the public,

Printed objects can be incredibly
intricate. They can also be created
with working components, hinges,
and parts within parts,

Biology students can ) ‘ Engineering and
study cross-sections REVOLUTIONIZING design students can

of hearts or other Y al ~ print out prototypes

o CLASSROOM -~

Chemistry students Architecture students

could print out S could easily print out 3D
3D printing has caught the attention n >
molecules to study. of educators who are looking into | models of their designs.

ways to incorporate it into the

classroom.
Auto class students History classes could print
could print replacement Using 3D printers in the classroom out historic artifacts for
or modified car parts. could mean: closer examination.
Cooking class students could ‘L[ ~ Graphic design students
design intricate molds for could create 3D versions of
ices and gelatins. ' ' ' their artwork.

Students in geography courses could
print out maps showing the topography,
population or demographics of an area.



Vzdaleny tisk octoprint

- SW umoznujici vzdaleny tisk a ovladani
tiskaren pri jejich pripojeni do pocitacove
site

- Lze nainstalovat na RaspPi - pripojeni do
site a pres USB na tiskarnu

- Uzitec¢né pluginy - historie tisku atd

www.octoprint.org
https://plugins.octoprint.orqg/



http://www.octoprint.org
https://plugins.octoprint.org/

Octopi Camera

€ OctoPrint / Settings ¢ System ~ & john ~ Ja\
New ¥ BL-16-05-31-03-025-024 at /dev/ttyACM1
il Connection Temperature Control GCode Viewer Terminal Timelapse

0 State

Machine State: Printing

File: KitchenaidAccessoryHolder2.gco
Timelapse: -

Filament (Tool 0): 1.58m / 3.80cm?
Approx. Total Print Time: 01:28:24

Print Time: 00:16:42

Print Time Left: an hour

Printed: 17.2KB / 1.4MB

Il Pause M Cancel

Files [ c F

KitchenaidAccessoryHolder2.gco

v & = &

Movement Extruder General

Gina HauBBge - Patreon - https://www.patreon.com/foosel


https://www.patreon.com/foosel

Vzdaleny tisk octoprint

€ OctoPrint F Settings  ® System ~

&foosel - [J
.all Connection Temperature C GCode Viewer Terminal Timelapse
0 state 300
Machine State: Printing
File: CuteOcto.gco 20
Timelapse: Timed (2 sec)
Filament (Tool 0): 2.22m 200
Approx. Total Print Time: 00:44:04
Print Time: -
Print Time Left: 44 minutes
Printed: 5.2KB / 2.0MB
l .
00
& Print Il Pause M Cancel
= Fles R 2 ¥ B Actual T 20 Target T- 210.0°C
min
CuteOcto.gco
9 Actual Target Offset
vii gt &
Hotend 209.0°C °C| Set |~ °C| Set
Webcam_cover_-_Part_1a.gcode
v & 8 55 &8
Webcam_cover_c920.gco
v i 8§ &5 8
e —— B T T e ™ _— - . ___d e B S

Gina HauBBge - Patreon - https://www.patreon.com/foosel



https://www.patreon.com/foosel
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tisk v 3D tovarne

Snowden

Kryten 2X4B-523P

Finished

21e°C

27.8°C
LETADLO_trup1_SH_100G.gcode
04:26:22

3 00: 00: 00

Octoprint is unreachable
ure:0*C

Octoprint is unreachable
ture: 0 °C

TEST - Dave Lister

Finished

r=2182°C

= 54.2°C

2010918 _stenaRizalitBocni_x2_2156
9:13:17:45

2 00: 00: 00

TEST - Arnold Rimmer

= Finished

e 217.6°C

1= 55.6°C

= 2010818 _vvez-stenaSOkny_x2_110G
) 07: 29: 36

73 00: 00: 00

Printer is unreachable

Printer is unreachable
ture 0 °C

inter is unreachable

00: 00: 00
3 00: 00: 00

Printer is unreachable
re 0°C
ur=0°C

g: 00: 00: 00
00: 00: 00

Octogrint iz unreachable
mpsrature: 0 °C
= 0°C

00: 00: 00
00: 00: 00

Octoprint iz unreachable

[
=0°C
00: 00: 00
00: 00: 00

FarmServer https://github.com/MakersLab/Farm-server

FarmClient https://github.com/MakersLab/farm-client



https://github.com/MakersLab/Farm-server
https://github.com/MakersLab/farm-client
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