CNC Milling Exercise
Learning the 3 axis coordinate system is vital, and will help you when programming a CNC milling machine. Since the programming process involves M and G codes, as well as coordinates, beginners are often apt to become lost in the programming process. The following exercise was developed to reinforce the coordinate system, as well as the movement and cutting codes in CNC milling processes.
Start with a 1” x 12” of clear pine.  You can use particle board, melamine covered board, or even plywood.  Mark and cut equal sized sections for each student.  A 12” x 14”  (remember milling will reduce the 12” to 11.5”) works well. You can adapt the size to your personal preference, or to the amount of stock you have available.
Have students plot and draw a grid pattern of ½” squares. Make the X axis the shorter side, and the Y axis the longer. Have the students label the X and Y axis accordingly on the whole number lines
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Using a drill press, have students drill holes at all the cross points of the grid, i.e. (0,0); (.5,0); (1.5,2); etc. Holes should be ½” in depth, so that they do not bore completely through the wood. Holes will be used to support pegs, so they should be clean, accurate, and the appropriate size.  The pegs I used are golf tees. You can buy bags of 250 tees in 4 colors at Walmart for approximately $6.00; I am sure other stores have tees and if you cannot find the variety of colors, you can spray paint them yourself. 
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You will also need a package of colored rubber bands from an office supply store. These are a little harder to color, so you may have to shop around to get the ones you want. Standard sizes rubber bands are good.

I used the following colors of bands and tees, but you can vary it to your school colors, availability, price, etc.
Yellow Tee
Movements with no cutting

Blue Tee
Movement with cutting

Green Tee
Up / Down movements

Red Tee
Start / Stop movements

Natural Rubber Bands

Movements with no cutting

Blue Rubber Bands

Movement with cutting


Red Rubber Bands

Positioning Movement to / from cutting areas.

Simple milling examples like the one below will combine some movements and cuts, or not need some of the colored tees or rubber bands. (no yellow tee is used below, though it could be used at the start or finish instead of the red. Students can mix the colors of their tees by having all tees colorless, and having the students color them as they use them. For example, a tee could be both green / blue or yellow / green.

Have students explain their color choices, and the movements, cuts, etc.  Then have them write the CNC program to match their creation.

Yellow Tee
Movements with no cutting

Blue Tee
Movement with cutting

Green Tee
Up / Down movements

Red Tee
Start / Stop movements

Natural Rubber Bands

Movements with no cutting

Blue Rubber Bands

Movement with cutting


Red Rubber Bands

Positioning Movement to / from cutting areas.

Example:  Using a combination of tees and rubber bands, start at the (0,0,+1) starting point and move to an area where you can cut the letter “L” & “i”.
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A. The first thing one would do would do would be to calibrate the starting position and the stock. We will assume we are starting at coordinate (X,Y,Z)  (0,0,+1), (red tee) the milling head will then move to (3,1.5,1) (natural rubber band).
B. The cutter is started and then lowered to (3,1.5,-.5) (green tee). Then a cutting move is made to (1,1.5,-.5) (blue rubber band).
C. While still cutting (blue tee) the head moves to the next position (1,2.5,-.5) (blue rubber band).

D. The cutter is moved upward to a safe traveling distance (1,2.5,+1) (green tee). Then the head is moved to the new position (1,3.5,1) natural rubber band.

E. The cutter is lowered to the cutting level, (1,3.5,-.5) (green tee). Then the cutting move to the next position (2,3.5,-.5) is made. (blue rubber band).
F. The cutter is raised again (2,3.5,+1) (green tee). Then it is moved to the next position (2.5,3.5,+1) (natural rubber band).
G. The cutter is lowered for a plunge cut (2.5,3.5,-.5) and then back to (2.5,3.5,+1)   (green tee [can be wrapped with a blue rubber band to denote plunge-cut).

H. The cutter is finally moved to a safe, out of the way location, and the cutter turned off. (4,0,+1) (red rubber band) (red tee).
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