VECTOR DESIGN FOR

LASER

AND MACHINE CUTTING



HOW A C02 LASER WORKS

electricity excites gas - gas releases invisible light -
mirrors amplify - focused beam cuts stuff.

e A tube is filled with gases: carbon dioxide (CO,), nitrogen (N2), and helium (He).

e Electricity excites nitrogen, which passes energy to CO..

e Excited CO, molecules release infrared light.

e Mirrors at both ends of the tube bounce the light back and forth, making it
stronger.

e One mirror lets some light out - this is the laser beam.

e A lens focuses the beam, which gets so hot it can cut, engrave, or burn
materials.






HOW MACHINE CUTTING WORKS

A cutting implement moves on an x and y axis. The Z
axis determines the force, focus, or depth.

The machine follows the digital vector path:
e Laser cutting: A focused light beam heats and vaporizes the material.
e CNC cutting (router, mill): A spinning tool removes material.
e Waterjet cutting: A high-pressure water/abrasive stream slices material.
e Plasma cutting: A jet of ionized gas melts and blows away metal.
e Blade Cutting: a knife cuts through material (Roland, Silhouette, Cricket)



SAFE TO




SAFE TO CUT

e Wood - plywood, MDF, hardwood, softwood
e Paper & Cardboard — cardstock, chipboard, craft paper
e Acrylic / Plexiglass (PMMA) — cuts cleanly with polished edges
e Leather (real, veg-tanned) — cuts and engraves well
o NOT chemical tanned leather
e Fabrics — cotton, felt, denim, polyester blends
e Plastics — ABS (engraving only, cutting may smell bad), Delrin
(acetal), styrene
e Rubber — natural or laser-safe types (no chlorine)
e Food - like chocolate, cookies, fruit (often for novelty engraving)



ENGRAVE ONLY

e Engrave Only (not ideal for cutting)

e Glass — can engrave but won't cut

e Stone / Ceramic / Tile — engraves but doesn’t cut

e Metal — standard CO,, lasers don’t cut metal (unless
very thin + high wattage + assist gas)



DO NOT CUT!

e PVC (Polyvinyl Chloride) — releases chlorine gas (toxic & corrosive)

e Vinyl - same problem as PVC

e Polycarbonate (Lexan, PC) — burns, discolors, and releases toxic fumes

e ABS plastic — tends to melt and catch fire, produces cyanide gas

e Fiberglass —releases nasty fumes, damages optics

e Carbon Fiber (with epoxy) — hazardous fumes

e Foam with unknown composition — some foams release toxic gases or
ignite violently

e Anything containing halogens (fluorine, chlorine, bromine, etc.)



RULE OF THUMB

e Organic, natural materials (wood, paper, leather, fabric) - usually safe.
e Plastics = only if explicitly listed as laser-safe.
e Metals - CO, lasers can engrave (with coatings) but not cut (except with

specialized setups).
e Chlorine-based or unknown materials > never cut.



DESIGN




VECTOR VS RASTER DESIGNS

e Vector is math.
o Think (x, y),(0,2), (3,5)
o Infinitely large or small, no
loss In data
e Raster/Bitmap is pixels.
o Tiny squares that make up
an image

o Can’t make bigger

Vector cutting and scoring: The laser
follows a vector path—a line, curve, or
shape—to cut completely through a
material or score its surface. Vector files
consist of mathematical formulas, allowing
for extremely precise and scalable results.

Raster engraving: The laser moves back
and forth, like an inkjet printer, to engrave
a raster image (a bitmap composed of
pixels) onto the material's surface. This
technique is often used for adding detalils,
shading, and photographic images.



FILE FORMATS
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e Common and reliable formats for vector-based cut lines:

e SVG - Scalable Vector Graphics

e DXF - Drawing Exchange Format

e DWG - Drawing (short for “Drawing” file, proprietary to
AutoCAD)

e Al - Adobe lllustrator

e EPS - Encapsulated PostScript



FILE TIPS

e Convert text to outlines: Laser cutters cannot read font data, so
any text in your design must be converted into vector outlines or
shapes.

e 1:1 scale: Ensure your design is at the correct scale (1:1) and the
correct units (inches or millimeters). Include a bounding box the
size of the laser bed for accurate positioning.

e Clean your file: Remove all unused objects, notes, intersecting
or overlapping lines, and open contours to prevent errors.



CORE DESIGN PRINCIPLES

o Kerf (Cut Width): The laser burns away a e Edge Effects:
thin gap (0.002-0.02 in). Always account for o Wood/MDF - dark/burnt edges.
this in your design. o Acrylic - smooth, polished edges.

e Compensation: For press-fit joints, make e Minimum Spacing: Keep cut lines at
tabs a bit bigger and slots a bit smaller so least 2x the material thickness apart to
they fit snugly. avoid overheating.

 Tolerances: Tight fits need force, loose fits e Corner Radii: Lasers leave slightly
may need glue. Plan your clearances. rounded corners. Use dog-bones or

e Minimum Feature Size: Small holes or fine small radii to help square parts fit.
details can break or burn. Keep holes at e Nested Parts: Arrange shapes close
least V2 the material’s thickness. together to save material. Share cut

lines when possible.



PREPARE
TO CUT



CLEANING UP CANVA FILES

Design in shapes with machine cutting in mind

e Download as an SVG e Alternate method
e Open SVG In lllustrator e Image Trace
o View layers o open control panel and use
o open/expand layers sliders to adjust trace
o isolate the shape/path from the clipping masks details
o delete clipping masks o Expand traced image
o rename shape/path layer meaningfully o Use pathfinder to merge
= repeat for each shape shapes as needed

Select all (ctrl+A) ensure every shape is outlined along

the border of the shape, not just the square bounding
DOX.



CUT COMMANDS

Set in lllustrator

Red= Cut on Path Black/Grayscale = Engrave
e r-255, g-0, b-0 e r-0, g-0, b-0
e Hex #FFO00O0O e Hex #000000
e .001px line e horizontal passes like a printer

Blue=Vector Line Engrave
e r-0, g-0, b-255 The laser will engrave
e Hex #O0OOOFF bitmap first, then engrave
e .001px line lines, and cut last.




TRANSFER Al FILE ON FLASH DRIVE

Move lllustrator files from your working computer to the laser-computer

e Open your file in lllustrator (you might need to login using
WO0000000@scc.losrios.edu and your password)
e Double check your RGB colors and cut line settings

e From lllustrator: If you have bitmap images
o Print (ctrl+P) be sure they are on the
o Setup (bottom left) flash drive too.

o More Settings (near bottom left)
o ULS Database Opens:
s Select Material from list & Set Thickness
= Press OK
o Back in lllustrator: Hit Print — a loading box will open and close
e Open ULS RIP Software to setup material (you should see your design)



Al 4 File Edit Object Type Select Effect View Window Help
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