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Computer-Aided Manufacturing 
....



Announcements
• Tuesday, April 30: Project Pitches 

• Slides: Make yours here: https://bit.ly/2UYoHlJ


• Project Ideas & Inspiration

https://bit.ly/2UYoHlJ
https://docs.google.com/presentation/d/1-vTcSyr0WIFnTgLPzbFgWpZtT_hEYqou4Jjkqu0Uoj0/edit#slide=id.p


Announcements
• Thursday, May 2: Read & discuss two research papers:

http://cba.mit.edu/docs/papers/17.05.peek.pdf http://crl.ethz.ch/papers/CDMC_final.pdf

Computational Design of Mechanical Characters  
Stelian Coros, Bernhard Thomaszewski, Gioacchino Noris, Shinjiro Sueda, 
Moira Forberg, Robert W. Sumner, Wojciech Matusik, Bernd Bickel 
ACM Transactions on Graphics (Proc. ACM SIGGRAPH 2013).

https://www.youtube.com/watch?v=knMRxNUEoIk
Peek, Nadya, James Coleman, Ilan Moyer, and Neil Gershenfeld. 
"Cardboard machine kit: Modules for the rapid prototyping of rapid 
prototyping machines." In Proceedings of the 2017 CHI Conference 
on Human Factors in Computing Systems, pp. 3657-3668. ACM, 2017.

http://cba.mit.edu/docs/papers/17.05.peek.pdf
http://crl.ethz.ch/papers/CDMC_final.pdf
https://www.youtube.com/watch?v=knMRxNUEoIk


CAM 
Computer-Assisted Machining 

Computer-Aided Manufacturing 
....



Machines making machines 
https://astroneer.gamepedia.com/Printers

Small printer Medium printer Large printerBackpack printer

https://astroneer.gamepedia.com/Printers




Milling Machines 
The prototypical NC/CNC machines

A 3-axis clone of a Bridgeport-style vertical milling machine

https://en.wikipedia.org/wiki/Milling_(machining)

https://en.wikipedia.org/wiki/Milling_(machining)


Scientific American article, 1952 https://cs448m.github.io/lectures/cam/scientificamerican0952-101.pdf

https://cs448m.github.io/lectures/cam/scientificamerican0952-101.pdf


CNC Cutting

https://www.youtube.com/watch?v=4y9sEdrs0Xk

https://www.youtube.com/watch?v=4y9sEdrs0Xk


CNC Machine & Milling Compilation 

https://www.youtube.com/watch?v=8H-0lI7kxbg

https://www.youtube.com/watch?v=8H-0lI7kxbg


Toolpath Lingo

https://www.autodesk.com/products/fusion-360/blog/10-2d-cnc-milling-toolpaths/

https://www.autodesk.com/products/fusion-360/blog/10-2d-cnc-milling-toolpaths/


Types of CNC Toolpaths

https://www.autodesk.com/products/fusion-360/blog/10-2d-cnc-milling-toolpaths/

https://www.autodesk.com/products/fusion-360/blog/10-2d-cnc-milling-toolpaths/


Example: Part with 11 Toolpaths

https://www.autodesk.com/products/fusion-360/blog/10-2d-cnc-milling-toolpaths/

https://www.autodesk.com/products/fusion-360/blog/10-2d-cnc-milling-toolpaths/


Calculating Speeds and Feeds

https://www.youtube.com/watch?v=JPvBzaA3GY0

https://www.youtube.com/watch?v=JPvBzaA3GY0


Face Milling

http://cuttingedgeconversation.blogspot.com/2013/09/tips-for-purchasing-face-mill-cutter.html https://bobcad.com/2d-toolpath-why-you-need-it/http://www.proetutorials.com/tutorials_nc/FaceMilling.htm

http://cuttingedgeconversation.blogspot.com/2013/09/tips-for-purchasing-face-mill-cutter.html
https://bobcad.com/2d-toolpath-why-you-need-it/
http://www.proetutorials.com/tutorials_nc/FaceMilling.htm


Pocket Milling Toolpaths

Curvilinear tool path
Contour-parallel tool path
(c.f. Voronoi schemes for 

convex pocket decomposition)
Zig tool pathZig-zag tool path

https://en.wikipedia.org/wiki/Milling_(machining)

Pros/Cons: Machining time, idle time, tool wear, machine chatter, 

tool acceleration/deceleration, surface quality, cutting speed

https://en.wikipedia.org/wiki/Milling_(machining)


Toolpath Optimization

https://bobcad.com/2d-toolpath-why-you-need-it/

"The basic theory behind high speed toolpath is that there is a constant engagement during cutting, constant chip load, a minimal amount of feed rate loss due to 
the stop and go movements in traditional toolpath and the ability to increase cutting speeds due to the circular (trochoidal) machining motion.  Additional intelligence 
can be developed into high speed toolpath that takes into consideration areas that have already been machined as well as automatic tool repositioning."

https://bobcad.com/2d-toolpath-why-you-need-it/


Optimization: Trochoidal Milling

https://www.harveyperformance.com/in-the-loupe/introduction-trochoidal-milling/

https://www.harveyperformance.com/in-the-loupe/introduction-trochoidal-milling/


Custom Toolpaths

https://www.instructables.com/id/Drawing-CNC-Toolpaths-to-Define-Custom-Surfaces/

https://www.instructables.com/id/Drawing-CNC-Toolpaths-to-Define-Custom-Surfaces/


CNC CAM Fails

https://www.youtube.com/watch?v=PsFNeiAu04M

https://www.youtube.com/watch?v=PsFNeiAu04M


CNC (3D) Printers for Makers



...



CNC Routers for Makers



X-Carve

https://www.inventables.com/technologies/x-carve

https://www.inventables.com/technologies/x-carve


Shapeoko

https://carbide3d.com/shapeoko/

https://carbide3d.com/shapeoko/


Maslow

https://www.maslowcnc.com/

https://www.maslowcnc.com/


Larger CNC Machines

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

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


Some Software Tools



CAD/CAM Companies

https://en.wikipedia.org/wiki/List_of_CAx_companies

https://en.wikipedia.org/wiki/List_of_CAx_companies


Easel

https://www.inventables.com/technologies/easel

https://www.youtube.com/watch?time_continue=89&v=nNSqHzCvgrU

https://www.inventables.com/technologies/easel
https://www.youtube.com/watch?time_continue=89&v=nNSqHzCvgrU


makercam.com
A flash-based 2.5d CAM and nesting program that outputs standard G-Code 
for use in CNC fabrication devices. 
Features:

• - arbitrary profiles, pockets, and drilling operations

• - true shape nesting

• - automatic island detection

• - sketch-to-CAD tool for easy prototyping

• - svg import and export

• - gcode generation

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

http://makercam.com
https://www.youtube.com/watch?v=ocmYJlFGjXY


CAMotics
• https://camotics.org 
• https://github.com/CauldronDevelopmentLLC/CAMotics 
• Open-Source Simulation & Computer Aided Machining  

• A 3-axis CNC GCode simulator 
• Tool Path Language (TPL)

https://camotics.org
https://github.com/CauldronDevelopmentLLC/CAMotics


TPL: Tool Path Language



TPL: Tool Path Language

> tplang example.tpl  

G21 
(File: example.tpl) 
F400 
G0 Z5 
G0 X1 Y1 
M3 S2000 
G1 Z-3 
G1 X11 
G1 Y11 
G1 X1 
G1 Y1 
G0 Z5 
M5 
M2 

https://tplang.org

https://tplang.org


TPL: Tool path generation with matrices

> tplang matricesTest.tpl  

G21 
(File: matricesTest.tpl) 
F400 
G0 Z2 
G0 X0 Y4.24 
G1 Z-1 
G1 X2.12 Y6.36 
G1 X0 Y8.49 
G1 X-2.12 Y6.36 
G1 X0 Y4.24 
G0 Z2 
G0 X1 Y1 
G1 Z-1 
G1 X3 
G1 Y3 
G1 X1 
G1 Y1 
G0 Z2 
M2 

tplang sim

https://github.com/CauldronDevelopmentLLC/CAMotics/blob/master/doc/tpl_matrices/tplang_matrices.md

https://github.com/CauldronDevelopmentLLC/CAMotics/blob/master/doc/tpl_matrices/tplang_matrices.md


offsetting

Clipper: Polygon and line clipping and offsetting 
https://sourceforge.net/projects/polyclipping/



Image-to-gcode: Milling "depth maps"

http://www.linuxcnc.org/docs/2.4/html/gui_image-to-gcode.html

http://www.linuxcnc.org/docs/2.4/html/gui_image-to-gcode.html


CNC challenges: Novel Kinematics
Example: Control of 3D printers

Cartesian 3D printer Delta 3D printer Polar 3D printer Scara 3D printer

https://all3dp.com/know-your-fdm-3d-printers-cartesian-delta-polar-and-scara

https://www.youtube.com/watch?time_continue=10&v=R7DaGoTDKbI

https://all3dp.com/know-your-fdm-3d-printers-cartesian-delta-polar-and-scara
https://www.youtube.com/watch?time_continue=10&v=R7DaGoTDKbI


https://www.3dnatives.com/en/four-types-fdm-3d-printers140620174/

How would you control each of these using grbl?

https://www.3dnatives.com/en/four-types-fdm-3d-printers140620174/


Example: Polar3D Printer

https://www.youtube.com/watch?time_continue=0&v=R7DaGoTDKbI

• Simple mechanics 
• Large workspace 
• Light printer (10 lbs)



Other CNC Challenges
• New machines (kinematics, peculiarities, etc.)


• Formal verification: 


• Toolpaths, GCode, different machines


• CNC simulation


• Editing GCode


• Retargeting 


• Toolpath generation for additive/subtractive manufacturing


• Novel materials and machines, e.g., chocolate sprayer


• Integrated design and machining


