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Wie man seine DIY 3D-Drucker, Frasen,
Folienschneider und LASER-Plotter
mit OpenSource-Software,
Firmware und sogar Hardware

aufbauen kann

Jochen Krapf
KNF-Kongress 2015



* Die CNC-Maschine °* Der CAD-CAM-Workflow

— Mechanik/Achsen - CAD

— Stepper-Motor - DB

— Stepper-Driver - CAM

— u-Controller — Slicer
— Controller Firmware e Experten
— G-Code-Sender

e G-Code
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Die ENC-Maschine...
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Mechanik: Achsen

Werkzeug

Z-Achse

Werkstlck

Rotations-Achse
(A, B, C, D, E)




Mechanik: Beispiel 1

https://www.inventables.com/technologies/x-carve
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Mechanik: Beispiel 2

http://openbuilds.org/builds/c-h
plate-maker.2020/

%E2%84%A2-machine-



http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/
http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/
http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/
http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/
http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/
http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/
http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/
http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/
http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/
http://openbuilds.org/builds/c-beam%E2%84%A2-machine-plate-maker.2020/

Mechanik: Beispiel'3
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Mechanik: Beispiel 4,

http://reprap.org/wiki/Ormerod \l
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Mechanik: Beispiel'5

http://openbuilds.org/builds/designer-jeans-with-a-laser.2821/
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Mechanik: Beispiel 6

http://reprap.org/wiki/Kossel

Delta-Printer

X,Y,Z-Achsen durch
Kinematik
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Mechanik: Beispiel 7

http://openbuilds.org/builds/niko%E2%80%99s-e

robot-openbuilds.1953/
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Werkzeug: Kraft vs Geschwidigkeit

®
%
tan )
Printer 'J* Folien
schneiden

Geschwindigkeit



Mechanik: QUELLEN

m http://openbuilds.org/

OPENBUILDS

http://reprap.org/
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Stepper Motor: (Schrittmotoren)

ey ™
R
.\,

www.pololu.com™



Stepper Motor: (Schrittmotoren)

LT Bipolare Schrittmotoren
¥isw Wi * Einfache Handhabung
(im Gegensatz zu Servos)
* Steuerung — keine Regelung
* Typ. 3200 Schritte je Umdr.
* Genormte Grolden
* Viele Hersteller
* Begrenzte Geschwindigkeit ®
* Preis: 15 ... 200 €




er

Stepperibrver;

7

Stepper
Driver

Driver

Hardware




Stepper: Driver - Pololu

Leistungstreiber fiir bipolare
Schrittmotoren

e 3D-Printer, kleine CNCs
* Max. 35V 1A je Wicklung
* 1/16 Mikroschritte

* Original von Pololu.com
 Nachbauten aus China

* Preis: 5...15€

- -
Quelle: iololu.com




Stepper: Driver - Module

Leistungstreiber fiir grolSere
bipolare Schrittmotoren

‘ |
W Y >
.. Ty 0'

gess7- . * Frase, Drehbank,
Plasmaschneider, Laser...

* Max. 24...80V 1...8A je
Wicklung

* Bis 1/128 Mikroschritte
* Viele Hersteller

* Preis: 30...80€
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-Controller - Arduino
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ARDUINO

Quelle: arduino.cc




[-Controller - Arduino

8-Bit-Prozessor-Board
el o Basiert auf ATMEL AVR
&« Viele Hersteller

i ¢ Preis: 3...25€
e License: CC BY-SA 3.0

http://arduino.cc/
| ONC-KNFKongress 2015 -Jochen Krapf 5
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Combi-Boards — RAMPS 1.4
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Combi-Boards — RAMPS 1.4

http://reprap.org/wiki/Megatronicg3.0
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Controller — Marlin=-Firmware

Platform: Arduino Mega — 3D
Printer

e 3 Achsen + 4 Extruder +

* Auto Bed Leveling

* LCD; SD

* Fiir viele Trager-Boards
* License: GPLv3

https://github.com/MarlinFirmware/Marlin
| ONC- KNF-Kongress 2015 -Jochen Krapf 30
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Controller — Repetier Firmware

Platform: Arduino Mega; DUE -
3D Printer; Laser; CNC

— 7 . ¢ 3 Achsen + 6 Extruder +
m’ Repetier Heizung/Laser/Spindle

* Web-Konfiguration

e LCD; SD; BlueTooth

* Fiir viele Trager-Boards
* License: GPLv3

http://www.repetier.com/documentation/repetier-firmware/
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Controller — GRBL

Platform: Arduino Uno; Nano -
Laser; CNC

* 3 Achsen + Laser/Spindle
b l- Hohe Verbreitung
9 r * Viele G-Code-Sender
* Super Smooth Stepper
Algorithm

* License: GPLv3
https://github.com/grbl/grbl
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G-Code-Sender — bCNC

bCHC: fhomefbnvfprg/elec/Thermometer/Thermometer.bot.etch.nge [RINCINE.I]
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'fhome/bnv/prg/elec/Thermometer,Thermometer.bot.etch.probe' loaded |)(: -15.5457 |[Y: 63.4835 |Z: 0.0000




G-Code-Sender — bCNC

Sender, Viewer, CAM

~ o Cross Platform (Windows,
~ Linux, Mac)

= e G-Code Editor und
> Evaluierung
o Finfache CAM-Funktionen

* License: GPLv2

https://github.com/vlachoudis/bCNC
| ONC-KNF-Kongress 2015 -Jochen Krapf 35
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G-Code-Sender — ChiliPeppr

rgatei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe Elﬂu
' 4
jl t ChiliPeppr - Hardware Fiddle x\+
\ (‘ @ chilipeppr.com/grbl v | @ || Q Suchen * B 3 & © =
GRBL Workspace 3D Viewer @ ® Jog On i~ L~ Simulater » x1 N1 B - l‘::s Axes © |nmm| @ s|£| v |- o

B+~ [7 Auto-level Macro |«
JScut || Eagle BRD Import || GPIO

~ v Cirl+X A -
ShuttleXpress | Touch Plate GRBL n =
You must connect to your GRBL device using
Geoc v I B MW A 3 A the GRBL buffer algorithm in this workspace.
Connecting to any other buffer (default, tinyg,
etc) will cause unpredictable behavior.

-
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Start Time Remain ' Serial Port JSON Sever 3 (@ v |+
00:01:56 - - P Disconnected
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G-Code-Sender — ChiliPeppr

~ Sender, Viewer, Analysator
-~ e Cross Platform (Web-Based,
~~ online)

i : "« Auch als Offline-Projekt

Datel Bearbeten Ansicht Chionk_Lesezechen Earas_Eife

nnnnnnnnnn

cccccc

- o Getrennter Server uber
Netzwerk (z.B. RP1)

* License: MIT; GPLv2 (Server)

http://chilipeppr.com/
| ONC-KNFKongress 2015 -Jochen Krapf 37
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Universelle Kommando-Sprache
zum Steuern von Maschinen

* Einfache Positionierbefehle in ASCII
e Bewahrt und unverandert seit 1960

* Erweitert um Temperaturregelung
fir 3D-Printer

* Viele Konverter, Viewer, Sender...

* Normen: NIST RS-274/NGC; DIN 66025;
1SO 6983
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Links:

https://en.wikipedia.org/wiki/G-code

http://gnipsel.com/linuxcnc/g-code/index.html
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LinuxCNC

Viewer, Sender, Controller...

_ ¢ PC-Linux (Debian, Ubuntu,
Live-DVD)

o Unterstiitzt Frasen, Drehen,
Roboter...

e Umfassender G-Code
e PC: Parallele Schnittstelle
* BeagleBone: PRU-GPIO

http://www.linuxcnc.org/

xxxxx
13
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Der CAD-CAM-Worktiow...

DXF | | SVG PLT
CAM
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CAD-Programme

3D-Programme - STL
* Blender

* FreeCAD

* OpenSCAD

* Google SketchUp

* Autodesk 123D

2D-Programme - DXF
* Inkscape



DatenbankenimiDineen

CAD I O =




DB - Thingiverse

Freie Objekt-Datenbank
MakerBotThingiverse ® Alle Genres
* STL und OpenSCAD
____ * Parametrische Objekte

http://www.thingiverse.com/
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AV (ComputerrArdedivianutacturing)
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CAM - Prinzip




CAM - PyCAM

CAM fiir Frase

&= pycarr * Cross Platform (Python)
* G-Code aus 2D und 3D

* Komplexe Fraspfade moglich
* License: CPLv3

https://sourceforge.net/projects/pycam/
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CAM — DXF2GCode

CAM fiir Frase, Scheidplotter
* Cross Platform (Python)
e G-Code aus 2D (DXF)

* Korrektur fiir Schleppmesser
* License: CPLv3

https://sourceforge.net/projects/dxf2gcode/Zsou
rce=recommended
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CAM — PCB-GCode

CAM fiir Eagle-Layout
* Plugin fur Eagle

e Leiterbahnen umfrasen
* License: CPLv3

http://pcbgcode.org/
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AV (ComputerrArdedivianutacturing)
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Slicer — Prinzip

CNC - KNF-Kongress 2015 - Jochen Krapf

\

56



Slicer = Shic3r

CAM fiir 3D-Printer

* Eigebettet in 3D-Printer-
Software

e License: CC BY-SA 3.0

R.Ta¥s’

{“Plater Print Settings _Fil Settings  Printer S

‘ g X B T a8 g _ve 32 e ‘
‘t~4°,._ Osiete Oclate Al Arrange ' Morm Fewer ' 45°com 45" ow Scale.. Spét Cur. | Settings..

http://slic3r.org/
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Slicer—In Repetier Host

View Config Prnter Server Tools Help

0@»!& w 6 @

Disconnect  Load  StatPrint Wil Prnt  Toggle Log Printer Settings Easy Mode Emergency Stop

/Q

Your Printer

Object Placement  Sicer  Pant Preview  Manuai Corgrl SO Card

P> Slice with CuraEngine | Kl Shicing

/1 Shcer. CuraEnginn v OF Manager
| oo [ .
Action inset

[ St job ater shoing is frishad

CuraEngre o separate, axtemal program developed by Dand Baam. For more

http://www.repetier.com/

Connected: Your Printer Extruder. 185,2/185°C Bed: 46,6/45°C Idle
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odentigl s Friugfs

D L. I_. L. CAM

@ I Slicer
O

PC (windows, Mac, Linux) p-Controller Stepper |
Driver -
z
G-Code Stepper | -
G Sender Controller | Y
Code | x| :
Software Firmware A,B,C,D,E
— Hardware |
I{,@ Driver
I Cg; de Hardware




Experten = EFablabs

http://www.fablab-nuernberg.de/

https://fablab.fau.de/  (Erlangen)

https://fablab-wuerzburg.de/

http//v\MAN.fablab-regensbu rg.de/

e
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The End

Alle Logos, Marken und Namen sind Eigentum der jeweiligen Firmen



