
Laser Cutter Tutorial 

By Brygg Ullmer, Tangible Media


Higher-level notes on cutter use follow later in the document. 

Useful links also appear later in the document. 

WARNING 

The laser cutter is a potentially dangerous machine. It is very easy to start fires with the 
laser cutter; Stanford apparently lost part of a building to an unsupervised machine. The 
laser cutter can also produce dangerous fumes (e.g., chlorine) if used with improper 
materials. 

People must receive training prior to use of the laser cutter. The cutter must also remain 
under constant supervision while in use. This document is very partial, and does not 
constitute training. 

Particular warnings: 

Never cut PVC, or other chlorinated plastics (Lexan and PC board are also strongly 
discouraged). PVC in particular will give off chlorine gas, which is not only highly 
corrosive to the machine, but also dangerous for any nearby people. 

Constant machine supervision really is a must. E.g., with our own machine, in the middle 
of a cut, I observed the laser begin etching the internal walls of the machine, and igniting 
the rubber rollers of the laser cutter head. It turned out that a primary mirror had fallen 
off, and the 100 watt laser beam was reflecting off the skewed and moving mirror. Had 
the machine not been under supervision, this might have resulted in a serious fire. We've 
repaired this problem, but -- others of its ilk may well appear in time. 

The machine also has known firmware bugs which can and do cause random cuts. There 
are ways to ameliorate this problem, but -- again, constant monitoring is very important. 

General capability: Our 100 watt laser cutter can cut acrylic, wood, paper, foamcore, 
among other materials. It can also etch vector (line/arc) and raster (image) engravings 
into these materials, as well as glass, stone, slate, etc. Our laser cutter cannot cut metal. 

Varied cutting speeds, power levels, and pulses per inch (PPI) allow some modulation of 
this etching, making some limited forms of three-dimensional relief plausible. At heart, 

http://web.media.mit.edu/~ullmer/
http://tangible.media.mit.edu/


though, the laser cutter is a 2D cutting and etching tool, with the third dimension 
achievable through the stacking or assembly of multiple laser-cut elements or layers. 

General cutting procedure follows. Higher-level notes on cutter use follow later in the 
document. 

Getting started: 
The laser cutter is located in rm 039 and utility elevator. It is driven by a Edwin machine 
immediately adjacent the cutter. 

Software 

Printing to the laser cutter is currently done through the CorelDRAW software installed 
on the machine (the special printer driver "X100" drives the cutter). Corel Draw can 
import 2D DXF files; PostScript files; general pixmaps; among others. 

The CorelDRAW driver maps graphical lines and arcs to laser cuts. Lines should be set 
to minimum width (.004") to be preserved as "vector" cuts (lines/arcs). Wider lines will 
be automatically rasterized, i.e. composed from a series of pixel-like laser burns -- much 
slower, and of somewhat poorer-quality finish. 

Line colors are mapped to different laser speeds, powers, and PPI by the CorelDraw 
lasercutter driver. It's probably best to stick to the "black" color for starters. Alternately, 
for parts involving both imaging and cuts, I've tended to use black for the raster image, 
and red for cuts (as these involve different power levels). Make sure you select Pantone> 
Red: the normal red sometimes gets interpreted as orange, with unpredictable results. To 
select an ink color, click on the fountain-pen icon in the toolbar, and select the color-
wheel icon from the flyout. Then click on the third icon in the dialog box, for Pantone 
colors. Type the name of the color (e.g. Red) in the text box. The program will change 
this to the appropriate name (e.g. PANTONE Red 032CV). 

Once you've executed the CAD design of your laser cut part, you can begin the 
production process by transferring your file to the laser cutter PC (either via the net or 
floppy disk). Load or import your drawing into CorelDRAW. Change the paper size to 
the dimensions of the laser cutter bed. To do this, select "Layout...Page setup", and select 
the page size to be "laser1". 

Later in the document, we'll discuss how to extract the contours of 3D structures in 
TrueSpace, as folks may wish to do for the new ML building assignment. 

An example screen-shot of Brygg's Media Lab model follows: 





Powering On 

With your design ready to print, it's time to power on the laser cutter. 

Power on the laser cutter itself. The switch is in the rear-right of the unit. The cutter 
takes approximately 30 seconds to power-on/boot. 

Printing/Cutting 

Your model is loaded, and the laser is powered; let's get down to cutting. 

Choose File/Print from within CorelDRAW. You'll see something like: 



Before we can print, we need to verify the cut power/speed settings. Go to "Properties" 
on the print popup. We need to verify two numbers in particular for each drawing color: 
powerand speed. Some settings which have been found to work are compiled below. 

The laser cutter print-properties menu looks like: 

To configure these settings, click on the color you'd like to modify. Then, change the 
power/speed levels by pulling the sliders or typing directly into the 

Most folks may wish to choose acrylic for their laser cutter assignment (so far as raw 
materials are available). Small quantities of translucent quarter-inch acrylic stock should 
be available near the laser cutter. The paper film on top and bottom of the acrylic should 
be peeled off to minimize chance of flaming. 
<procedural details should continue here...> 



Higher-level notes 
Software 

The standard software for ML laser cutter use is CorelDraw 9.0. The Media Lab does not 
have a site license; individual groups are responsible for purchasing copies individually 
(these should be available at the Coop for a few hundred dollars, with the educational 
discount). 

Stock 

The laser cutter stock situation is evolving. While acrylic scraps and corrugated 
cardboard are often available near the cutter, individual users are basically responsible for 
purchasing their own stock (and replenishing existing stock that they use). Please be 
respectful of stock purchased by others, especially of thick and colored acrylic stock 
(which can be expensive.). 

I strongly encourage people to do early cutting runs in corrugated cardboard. It's cheap, 
structurally robust (for medium-sized pieces), easy to mark on with a pen and hack with a 
knife, and environmentally sound. Note that when laser-cut, corrugated cardboard is 
quite sharp. 

For final cuts, 1/8" clear or tinted acrylic are the norm.  1/8" or 3/16" cherry wood 
(available from Pearl in the modeling section) also behaves fairly nicely. 

Mr. Plastic/Commercial Plastic (623-2100, 352 McGrath Highway, Somerville, MA 
02143) is the standard local supply for acrylic. McMaster-Carr is a fairly good mail-
order source; search for "acrylic." Canal Street in NYC is rumored to abound with great 
supply shops, too. 

At Mr. Plastic, if you're really stocking up, you're best off to purchase 4'x8' sheets; the 
back room cut these down to size. Given the 18"x32" bed size of our cutter, Ron has 
suggested we use 16"x32" tiles, This produces 9 tiles. 

To give some ballpark cost numbers, here are some recent prices from Mr. Plastic. 
Please note that the prices do fluctuate. Again, "sheets" are 4'x8', where "tiles" are 
16"x32" (tile costs = sheet costs / 9). 

Clear cast acrylic 
1/8": $57/sheet ($6.30/tile) 
1/4": $88/sheet ($9.80/tile) 

http://www.mcmaster.com/


Clear cast P95 ("frosted"; very nice material) 

1/8": $84/sheet ($9.30/tile) 

1/4": $110/sheet ($12.20/tile) 


Black acrylic (P95-like material is also available, and is quite nice) 

1/8": $52 ($5.80/tile) 

1/4": $99 ($11.00/tile) 


White, tinted, mirrored, etc. acrylic are also available. Thicker (e.g., 3/8") acrylic can be 

cut multi-pass, and thinner (e.g., 1/16" and 1/32") acrylics are also available. Note that 

tinted acrylics in particular (and thick acrylics as well) often run triple the above prices. 


Many other nice laser-cuttable materials exist. E.g., I'm working on getting some Corian 

from Art Specialties (800-724-1002), which is a really beautiful material often used in 

countertops (~1/3 acrylic, ~2/3 mineral). 


Note that acrylic, cardboard, and wood are all readily flammable (especially acrylic and 

cardboard). Acrylic also gives off noxious fumes. And again, PVC (which appears in 

many forms, including a foamed form) and some other materials are highly toxic. In 

short, if you're not sure of the material, ask!  And if you notice strange green gases, etc. 

coming from your cut, shut off the laser cutter immediately, and do not continue cutting 

without advice from experienced building folks (like Saul Griffith). 


Please let acrylic cuts sit for 30 seconds in the laser cutter bed before opening -- more, if 

heavy etching or cutting has been done, especially of thick acrylic (e.g., 1/4"). 


Cleaning of lens 

The lens should be removed from the machine (with the three thumbscrews) and checked 
for material accumulation at the beginning of each cutting session. If the lens is dirty 
(with "removable" grit; some is permanently impacted), it should be cleaned with a clean 
cue-tip and one or two drops of cleaning fluid. Please ask for training with this, if you're 
not overly familiar. 

The laser cutter lens accumulates material residue as a normal part of laser cutter use. 
When "dirty cuts" are performed, or burning occurs, the lens gets dirty at a much faster 
rate. When the cutter is used with a dirty lens, particles can ignite and destroy the lens. 
We've lost 4-6 lenses this way. Lenses are >$200 a piece, so it's important to be careful 
about this. 

Focus 

The laser cutter must be focused before use. This is done using the plastic focus tool, and 
the Z adjustments of the laser cutter.  Please request training from a knowledgeable user. 
If not properly focused, the laser cutter won't properly cut. This not only results in a 



poorly cut part, but also produces lots of extra material residue and gas, which is 
especially problematic with acrylic and other plastics. 

Registration of origin 

The laser cutter origin (the top-left of the cut) is configurable through the laser cutter 
menus. The origin is frequently moved during typical cutting sessions, to best utilize the 
remaining material from a piece of stock. Be sure to check the origin before beginning 
your cut, as the system retains origin settings from previous runs -- even if the machine 
has been powered off in the interim. 

As a part of registration, it's good to do a draft unpowered cut (described below). 
Otherwise, especially with our current cutting table, it's possible to cut the ruler-borders 
of the cutter itself, which is to be avoided. 

Draft cuts and cutting firmware bugs 

It's best to do a "draft" or "air" cut with the cutter before executing an actual cut (e.g., a 
cut with the red tracer beam, rather than the powered cutting beam). This allows you to 
make sure the cutter is behaving as you expect (and allows you to identify occasional 
firmware glitches). 

To do an air cut, start the cut with the laser cutter lid raised (taking care not to interfere 
with the moving head). The red tracer laser should allow viewing of the beam path. 
Note that the water chiller should be left on at all times, to avoid damaging the machine 
(we used to turn off the water chiller to produce draft cuts, which is apparently hard on 
the machine). 

It's important to note that the laser cutter has known firmware bugs. In particular, shapes 
that begin with (or consist of) only a few straight lines/rectangles often result in a bug 
where the laser cutter ignores/screws up the registered origin. If this happens, (a) change 
the order of cuts within Corel (described below), or (b) add a very small filled circle 
somewhere within the cut pattern. Fills are treated as bitmaps, and bitmaps are always 
printed before vector cuts. 

Fixturing and order of cuts 

Light materials (e.g., cardboard, thin plastic, paper, and vellum) generally need to be 
taped down to the laser cutter bed with masking tape. Otherwise, vibration and the air 
displacement of the moving cutter head will move materials during cutting. 

The order of cutting is an important parameter. When the outer border of a part is cut, the 
piece will often "fall out" of the stock material (if only by a fraction of a millimeter). The 
part will often slightly skew rotationally as well. If further cuts interior to the part are 
made, they'll often be improperly registered. 



To change the order of cutting, right-click on the part and Corel, and use the "order" 
submenu. Pieces sent to the "back" will cut first; pieces sent to the "front" will cut last. 
The outside border of parts should generally be sent to the front. However, it should be 
noted that this has the annoying affect of making interior drawings hard to select (as the 
part frame "occludes" these inner features). If you have problems, talk to an experienced 
user. 

Beam width 

It's worth noting that the laser cutter beam has a finite width, which changes both as a 
function of the material, and as a product of its depth within the material.  The cut width 
will be wider at the upper surface than at deeper locations within the material. This can 
significantly influence the fitting of laser-cut parts, especially for press-fit joins. 

Settings 

Some example settings. Getting such numbers "right," and adjusting them for new 
materials, reminds me a bit of cooking. I'm constantly guestimating numbers, trying 
them out, adjusting them, etc. The laser cutter manual also has suggested settings for 
many materials. 
Material Power Speed 
1/8" Acrylic: vector cut (single pass) 50 2 
1/8" Acrylic: raster etch 30 70 
1/8" Cherry: cut (three passes) 
1/8" Cherry: raster 

80, 80, 80 
20 

8,12,12 
20 

Corrugated cardboard (1/8") 80 16 

Useful laser cutter links 

Laser -- basic science and observations (quite good)


Laser cutter principles of operation, prospects for low cost cutters


Universal Laser homepage


LaserCAMM homepage


http://www.argelas.org/s0_body.htm
http://xenia.media.mit.edu/~yarin/laser/
http://www.ulsinc.com/
http://www.lasercamm.com/


--  

Alabama Laser: multi-kilowatt laser cutters 

Visx: excimer lasers for vision correction 

Cymer: excimer lasers for photolithography 

Paul Haeberli's overview of laser cutting -- scoring, surfaces, etc. 

Related

Kelly Heaton - Material Resources links


Note from Kwin 

I have a commented, finished postscript example file. If you think it's appropriate to 
include some of the information in it, or a link to it, or both, in the tutorial, that would be 
great. 

Thanks, 
Kwin 

http://www.alspi.com/lsrcap.htm
http://www.visx.com/man.html
http://www.visx.com/man.html
http://www.sgi.com/grafica/lasercut/project2/index.html
http://www.sgi.com/grafica/lasercut/index.html
http://www.sgi.com/grafica/lasercut/project1/index.html
http://xenia.media.mit.edu/~kelly/webMaterials.htm



