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Abstract

Y Can you do 3D Printing and CNC fully open-source? Yes you can!
O S O O S This presentation is about the available resources and tools: host tools
(OS, CAD, plug-ins, slicers etc.), machine hardware and firmware.

A real use case is described in detail, from a CNC machine with outdated
electronics and firmware to a fully open-source solution.

A demo is foreseen: creation of a new part in Freecad, generation of the

* Overview
machine code using the host tools and scripts.
* FreeCAD

Jean Pihet runs NewOldBits.com as a freelance software developer, focused on open-source
and low level embedded development. The areas of expertise are: Linux kernel, bootloaders,

° De m O h OSt too IS for C N C Buildroot / Yocto, HW schematics review and HW rework, secure and fast boot, optimizations.
* FreeCAD and scripts
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Introduction

Needs for 3D and CNC
* FDM 3D printer, multi material, fast, 24/7
* Light CNC: 3 axes, manual tool change and oiling

Starting point

Tools
FreeCAD oriented
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3D printing - History
2005 Reprap: self replicating
e 2010 1st Prusa Mendel
« 2011 Ultimaker

* 2011 Marlin FW
* 2015 Prusa i3, printing farm

* Open source
*  FW: Sprinter, grbl, Marlin. Klipper
* Electronics & HW: main board, extruder, heat & level bed
* Host tools: Slic3r, PrusaSlicer, Ultimaker Cura. OctoPrint
* Models: Printables.com, Thingiverse

Ha

o
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3D printing — Host tools

2D ab
SV, bitmap CAD

STL@ Control

Slicer
-code

SW G-code AN

USB ! Eth

LCD / Buttons
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3D printing — Host tools o

2D

Gimp, Inkscape: vectorize
bitmap, drawing

CAD: Blender

Originally for artwork and
animation but useful for CAD

Lots of features

Destructive vs non-
destructive modelling
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3D printing — Host tools I mind

* CAD: OpenSCAD
- script based
° parametric
. DXF, STL, OFF !
* Libraries available T,

cylinder(r=rod_d/2 + th, hegopro_tel);

OpenSCAD - gopro_mounts_mooncactusscad

the 3.2,

¥

screw_x= rod_d/2+screw_head_d/2;
translate( [0, gopro_connector_z,0])
differsnca()

()
1

translate([0, -gopro_connector_z/2+gopro_wall_th,01) /7 attachment
cube([gopro_cannector_z, gopro_tol, gopro_annector_z], center—true
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* CAD: FreeCAD
*  One-stop shop

 Modules

Sketch
Model
Part

Assembly
CAM (-~ CNCQC)
Workbench

*  Python API
* Mature 0.19-1.0
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3D printing — Host tools

File Edit View Tools Macro

Sketch  Part Design  Windows Help
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= [9 Sketch006

Base
Label ‘ Groove002
Suppressed ‘ false
Groove
Type Angle
» Base [0,00 0,00 0,001
» Axis (0,00 0,00 1,001
Angle 360,00 °
Angle2 60,00 °
Up To Face
Reference Axis Sketch006 [V_Axis]
Part Design

Pozidriv:1

Preselected: Unnamed.Body.Groove002.Edge122 (1.57 mm, -2.15 mm, -7.00 mm)
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‘ Edge tools

@Fillet
& Chamfer

@ Create a datum point
/ Create a datum line
Ocreabe a datum plane

)—Creaﬁea local coordinate system

Radius: 2,66 mm [-

v] [ O cap v] |35,ss mm x 17,79 mm v}
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3D printing — Host tools
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3D printing — Host tools

.l Connection Dashboard ~ Te

Timelapse
0 st 24.7% 56°C [0 79.0% @ 9.3% enH
N ContrOI i 1000MHz (5990 570
State: Printing
File: CalibrationCube.gcode @ Default LIJ Connected Printing
Uploaded: 2020-09-28 14:08:15
Usel

Jﬁ ‘ 1;\:? m ‘ 60°C ‘ 100% ’
Target: 190°C Target: 60°C Fan Speed

30% ( 82% ’

Job Layer

+ Web server, manage files e

* Setup and maintenance
* Monitoring, logging

* Image and videos, timelapse e s o eomm

* Advanced features via plug-ins = i:\_

uuuuuuuuuuuuuuuuu

I 0.86m
(?) 50 minutes (G Jo43:22 (¥ 00:02:29
@ 61 /164 layers II] 7.8/19.7mm CI) 0h:00m:01s
. N vre= B
*  Firmware / Control “— s

*  Marlin / OctoPrint : -

.....
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Consulting

v2.347
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3D printing — Firmware

 Marlin

G-code handling: perform computation, run Ul & RT tasks
Simple to configure (.h), build and install

*  Well supported

* Klipper

Separates computation and Ul (RPI) from RT tasks (printer board)
Requires RPI

More efficient: faster, precise

More advanced features, multi-printer

Easy to configure without re-install
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3D printing — Firmware

G-code G-code [ | = Webserver
::> E E ; o G-code
o Control
g Contral ' wEhieréime g Control o Images & video
o control Nl « G-code handling.
OctoPrint o Images & video I ° ggm;g‘gg
« G-code to printer —  Fluidd §  G-code generation (slice)
E = « RPC to printer
o E « Ulvia LCD / Butttons
N ®
(R —
RPC

USE [ Eth / CAN...

USB / Eth

G-code
= (3-code handling

= RTtasks
= Ulvia LCD / Butttons

+« RTtasks

LCD / Buttons

Marlin Klipper
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[N mind

3D printing — Machine

* Lots of ‘open-source’ printers
* Velleman K8400 Re-designed head

- On-board extruder

motor
- High-perf heater
- Thermocouple

Highly optimized
heat flow

4 power supplies
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Hacked for:

Robustness
Print speed
Print size

High Temp, multi mat.

Better control, remote

Patch on Marlin
40 LOC ;-)
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Differs from 3D Printing

Less common

Host tools CNC / CAM
‘Slicer’

Interaction with model
Start reference point

Similar to 3D Printing

G-code export
Control
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SW

2D
SVG, bitmap

aD
CAD

G-code

G-code

Control
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USB / Eth

LCD / Buttons
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Consulting

File Settings Windows

PyCAM [Model|pracessing

Transform Model

@ x-axis @ xy-plane ® x <->
Pyth O n ap p _ O y-axis @] xz—zlane O x<-> :
. File Settings Windows O z-axis O yz-plane Oy<->z
Basic CNC, text... T [ Romte || | swe
PyCAM Visualization _ [] < [iglle ]l Move Origin Define Bounds

N Ot m al ntal n ed Reset Front Back Left Right Top Bottormn X! | min _ max _
Bounding Box: Ax:12.000 mm Ay 8.401 Az:2.200 mm . v | X! [—O,?ﬂr |v“8,11 |v:|

2 [ 2[00 | w070 f7es [g
| B

[ sne |z [o00 [f[413

| | To Origin | | Small margin || Mo Margin

Linux CNC dist.

Safe Height: |
Cwerlap [%6]: |
Material Allowance: |
Max. Step Down: |

Toolpath |

CNC Toolkit
Multi axis
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CNC — Host tools

FreeCAD I,

(@AE & ol s-2- 2R E S ONZP _ _
AA9-E ¢+ A-POFOHIES ¢ER EHE FEROH FEuEILH-
8 x|

*  One-stop shop
* CAM module
* Profile / Contour

* Dirilling

* Engraving
* Highly configurable
* Python scripting

Fo sortpoge & R txampe 1 : 1)

Ordes Qutp.., Ficture il
W digm /| biatn [
. a u re Pressiected: Exampie_1.Clone.Face 30 (-18. 501863 mm, -33.889595 mm, 20.000000 mm) O Bende > 230,29 mm % 12219 mm
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CNC — Machine i) mind

Kosy A3
¢ ~1992

* Robust HW & Electronics
» Stepper motors, end stops

* Power supply 24V

* Qutdated mainboard, firmware
* Non standard protocol
* Limited host tools

* not open-source / free
« OS
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CNC — Machine

Solution

* Leverage HW & Electronics

funktionen

Zusatz-

» Leverage 3D Printing HW & firmware

Rambo board

- 24V

* Reprap / Arduino / Marlin

- USB

Reprap LCD / SD Card / Buttons
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CNC — Firmware

Marlin - patch

* Main board

- Stepper motors: max current, resolution
* End stops / Bed size

» Spindle control

- LCD/ SD / Buttons

- ~40 LOC ;-)
Cf. github repo for scripts and doc
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CNC — FreeCAD

Preferences

FreeCAD — Parameters & Scripts » 3 cerer

B Job Preferences

+ Pre and post-amble G-code W o

Post Processor

» Start reference point G92 » @ pyhon —
. ' OMdm LEEE Default Path }/homeldef/.FreeCADlMacro/ *
- Spindle control M3/ M5 N =

» g Import-Export File Save Policy | Open File Dialog -~

» Marlin G-code post-processor ' e e

L E,AI:'F’I"‘“EIe Post Processors Selection | ¥ n”‘c‘::id" =
* ~/.FreeCAD/Macro/ + Q@ Mot

philips
v refactored_centroid

marlin_post.py S-S et
. ’@Sketcher = PP .
) lees for SyntaX’ faSt ” ECAM Z::::::::J:::::sm ihr:\nac:\lll:s)\nM30(:) $1000 PZOOO(Beep)\nG‘ﬂGQO\r:":
moves GO, units
_ sewp
* Progress display g ok

| Reset { | o/ Apply || @ cancel i[ Jok ]

-
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CNC — PCB with FreeCAD

. y JamBE Al & €K (Rew JOEEP W@ J ¥ IFTH S
FreeCAD - PCB from Kicad 5P Mt GUCHAENIS SSLL BEES

fcad_pcb plugin:

* Import design files from
Kicad

» Generate G-code for
profiling, engraving and

drilling

‘ Start page ® | B kicad fcad:1* %
1.725000) & Touchpad ~ 65.47 mm x 46.92 mm
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Conclusion

Open source for 3D Printing
* Mature
* Robust - 24/7
* Fully featured
* Choice is key: printers, firmware, slicers, host tools

Open source for CNC
* Less common but still suppported
*  Maturity > OK
 Solution for small companies: freedom, $
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Demo — FreeCAD CNC I mind

» Setup / parameters
» Sketch / Part
- CAM

Job

Tools

ER 2025

Operations: profile,
engrave

Export G-code
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Demo — FreeCAD CNC I mind

*  Combination of 3D Printing & CNC
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Questions

* Questions or remarks ?

* Other open-source CAD / CAM packages ?
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