
Laser Cutting & Engraving



What is Laser Cutting?

• Light Amplification by Stimulated 
Emission of Radiation

• Technology that uses a laser to cut 
materials

• Typically used for industrial 
manufacturing

• Increasingly used by schools, small 
businesses & hobbyists

• Focused laser beam directed at 
material, which either melts, burns 
or vaporizes away

• Optics to focus the laser & CNC for 
motion control



Other Forms of Computer Controlled Cutting

• Knife

• Waterjet

• Hot-wire

• Wire EDM



Software

CAD

• Fusion 360

• Rhino

• Blender

• 123d Make

• AutoCAD, QCAD

• Gimp

• Photoshop

• CorelDraw

• Illustrator

CAM

• Vendor printer driver
• Epilog

• Universal Laser Systems

• Trotec

• Full Spectrum Laser

• GCC

• 3rd party & open-source
• Fab modules

• Image2Gcode

http://www.autodesk.com/products/fusion-360/overview
https://www.rhino3d.com/
https://www.blender.org/
http://www.123dapp.com/make
http://www.autodesk.com/products/autocad/overview
http://www.qcad.org/en/
https://www.gimp.org/
http://www.adobe.com/sea/products/photoshop.html?sdid=YP7XGDLR&mv=search&s_kwcid=AL!3085!3!103987995284!e!!g!!photoshop&ef_id=VvJBPAAABdCewjs4:20161026044014:s
http://www.coreldraw.com/en/
http://www.adobe.com/sea/creativecloud/buy/students.html?sdid=J7XBWTX9&mv=search&s_kwcid=AL!3085!3!139042341737!e!!g!!adobe%20illustrator&ef_id=VvJBPAAABdCewjs4:20161026044133:s
https://www.epiloglaser.com/
https://www.ulsinc.com/
https://www.troteclaser.com/en/laser-machines/
http://fslaser.com/
http://www.gccworld.com/
http://fabmodules.org/
https://github.com/Uthayne/3dpBurner-Image2Gcode


Types of Lasers (Gain Medium) & Mechanism

Gain Medium

• CO2 (10.6 u)

• Fiber (1-2 u)

• InGaAsP (1-2 u)

• Nd:YAG (1064, 532 nm)

• Ti:sapphire (650-1100 nm)

• Excimer (100-300 nm)

Cutting Mechanism

• Burning

• Melting

• Evaporation

• Ablation

Airflow (air assist, exhaust, filter) is very 
important for safe laser cutter operation



Air Assist and Exhaust Pump



Laser Cutter Applications

• Cutting, marking or engraving
• Raster (e.g. photos)
• Vector

• Screen printing
• Halftone
• Holes
• Path

• Press-fit construction

• Factors to consider
• Kerf
• Chamfer & joints
• Parametric design

• Flexures & living hinges

http://forums.obrary.com/t/creating-b-w-images-for-etching-on-the-laser/195
http://wiki.imal.org/howto/inkscape-and-lasercutter
http://hackedgadgets.com/2011/08/18/laser-cut-halftone-picture/
http://fab.cba.mit.edu/classes/863.10/09.20/holes.jpg
http://www.instructables.com/id/Press-fit-Construction-Kit/
http://www.cutlasercut.com/resources/tips-and-advice/what-is-laser-kerf
http://academy.cba.mit.edu/classes/computer_cutting/joints.jpg
http://www.makercase.com/
http://www.aedhanloomis.com/laser-cut-folds/
http://www.ponoko.com/blog/2015/07/06/how-to-design-a-living-hinge/


Laser Safety

• Ensure Class 1 w/safety interlock

• Venting of fumes

• Regular cleaning of laser optics

• Supervision at ALL times

• Adequate air/gas flow

• Prohibited materials

• Fires during operation

• E-stop & fire-extinguisher



Materials

Laserable

• Cardboard

• Wood

• Acrylic

• Delrin

• Fabric

• Ceramic

• Glass

• Flame test: if it flames, it should 
not be cut

Prohibited

• PVC

• Pleather

• Moleskin

• Polycarbonate/Lexan

• HDPE

• Polystyrene foam

• Fiberglass

• Carbon fiber

• Butane/Gas



Materials



Laser Settings
• Power

• Higher burns deeper
• Too much or too little sacrifices detail

• Speed
• Higher saves time, burns shallower
• Too high or low speeds reduces detail

• Frequency (PPI)
• # pulses per inch of travel
• Higher increase burning/melting effect
• Acrylic: 500 ~ 1000
• Wood: 100 ~ 500

• Rule of Thumb:
• Doubling power doubles depth of cut
• Halving speed doubles depth of cut

• Use vendor recommended settings as starting point



Machine Settings (Epilog, acrylic)



Machine Settings (Epilog, Wood)

Reference: Epilog Fusion M2 Laser

https://www.epiloglaser.com/products/fusion-laser-series.htm




Rules for Laser Engraving (Photo)

• Always work in grayscale (continuous tone) or BW (1-bit)
• Fine (non-porous) material: half-toning (grayscale)

• Coarse (porous) material: error diffusion

• Know the materials you want to work on

• Know your laser (speeds, power, frequency/ppi)

• Work only with good photos
• Shows only subject (focus)

• No background (noisy) images

• Know your adjustment commands

• Crop to subject



Laser Engraving (Steps)

• Step 1: convert to grayscale

• Step 2: crop to focus

• Step 3: contrast enhancement
• How well does material hold small dot

• How well does material display image

• How consistent is the material

• Rule of thumb:
• More detail in image if lasering on good material; use half-tone, small adjustment in 

contrast enhancement

• Get rid of detail, larger adjustment in contrast enhancement for porous material

• Use unsharp mask to sharpen fuzziness, get rid of details that cannot be 
reproduced by laser



Laser Engraving (Demo)

Original image Crop to focus Grayscale Adjusting levels

Inverted (acrylic)Contrast enhancement Error diffusion (wood) Engrave filter



Laser Engraving (sample)





What can we do? 

http://blog.ponoko.com/2011/08/28/laser-cut-silhouettes/

http://blog.ponoko.com/2011/08/28/laser-cut-silhouettes/


http://fffff.at/infoviz-graffiti-stencil/

http://fffff.at/infoviz-graffiti-stencil/


http://makezine.com/2010/05/26/laser-etched-brain-model/

http://makezine.com/2010/05/26/laser-etched-brain-model/


http://www.synopticoffice.com/project.php?projectid=1&selectedcol=1

http://www.synopticoffice.com/project.php?projectid=1&selectedcol=1


http://www.designboom.com/weblog/cat/8/view/20710/lasercut-nori-for-
designer-sushi.html

http://www.designboom.com/weblog/cat/8/view/20710/lasercut-nori-for-designer-sushi.html


http://makezine.com/2008/02/29/how-its-made-laser-etchin/

http://makezine.com/2008/02/29/how-its-made-laser-etchin/


Some interesting blogs and sites

http://fslblog.tumblr.com/

http://lauraslaser.tumblr.com/

https://www.epiloglaser.com/resources/sample-club.htm

http://makezine.com/2013/10/23/tutorial-laser-cutting-techniques-
and-projects/

http://www.instructables.com/id/Laser-Cut/

http://fslblog.tumblr.com/
http://lauraslaser.tumblr.com/
https://www.epiloglaser.com/resources/sample-club.htm
http://makezine.com/2013/10/23/tutorial-laser-cutting-techniques-and-projects/
http://www.instructables.com/id/Laser-Cut/

