Cutter Compensation Example

     Let’s say I want to cut balsa wing parts on my CNC router.  I design the part using my CAD software and save it in a DXF R12 format.  I open the DXF file into KCam and begin cutting out the wing’s pieces.  When I get done and begin to assemble them I notice the parts are too small.  I realize that the cutter bit on my spindle had followed the center of the line I drew in CAD and the wide cutter blade removed more material from the parts than I wanted.  It was like changing from an exacto-knife to a chain saw to cut the small parts out!  Since I can’t find a cutter bit with a diameter of almost zero, I need to get KCam to compensate for the cutter’s diameter.  It should put the edge of the cutter on the center of the line, not the center of the cutter on the center of the line.  To do this I will have to implement the cutter compensation GCode’s G41 and G42.  G41 is for left compensation and G42 is for right compensation.  The left and right stand for the side of the cut the bit will be on when moving forward.

     There are three GCode commands I must add for each object in my design.  They are a Lead In, G41 (or G42), and G40.  The lead in prepares the bit location so the cut begins in an area of the part than will be discarded.  The G41 or G42 will tell KCam which side to offset the cutter.  The G40 command will tell KCam to stop using cutter compensation when the object is done cutting.

     In my Simple Wing Test example there are 4 objects or entities (see Drawing 1) in the part.  I know it doesn’t look much like a wing, but I wanted to keep the example simple.  The 4 objects are the wing outline and 3 circles.
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DRAWING 1

The outline needs to have the cutter cut outside of its centerline.  The three circles need the cutter to cut inside them to preserve their desired size.  So I begin to add the GCode commands to do this.  The original GCode looks like GCODE PROGRAM 1(below).  After the code has been modified with the appropriate commands to perform compensation it looks like GCODE PROGRAM 2 (below).  You will see where I have added comments showing [MODIFIED FOR LEAD IN], [START CUTTER COMPENSATION], [TURN OFF CUTTER COMPENSATION].  These are the places where cutter compensation information is added into the original code.  To place the new commands in the proper locations, you need to understand the original gcode file and what each command does.  

     Lets start with explaining the G42 commands I added.  They are placed just prior to the object cutting commands and just after the Z axis command that puts the spindle down into the material.  It is placed here because I do not want to compensate the Z axis movements or any of the travel commands.  Then I add the G40 command.  It’s placed just after the object cutting codes and prior to the Z axis command that lifts up the cutter.  Again, I do not want to compensate the Z axis command or the travel commands that will follow it.  Now I can compile the code and see what it looks like with the first offset commands inserted.  It should look close to what I wanted with the exception of the lead in being wrong.  I will change this by locating a coordinate that will be outside of the finished product and near to the start of the cutting point.  I change the prior travel command to this new coordinate and my first object will be compensated.  It should compile and look great in the plot window.  Now repeat the above process for each object in the drawing.

     Oh no… I didn’t explain that cutter compensation needs the Tool List to give the software the diameter of the tool being used.  In the Tool List, you can enter and modify tools diameters and lengths.  The diameter is all we care about for this exercise, so ignore the length.  Just put 0 into the length parameters.  FYI, at of the time of writing this document KCam does not make use of the length parameter.  You can set up 1 or more tools in the Tool List.  In GCode you can specify a certain tool number or let KCam use the default (tool number 1).  To specify in GCode, use the T command.  For Example, insert T1 to select tool number 1, or T3 for tool number 3.


[GCODE PROGRAM 1]


N001 [KCAM CONVERSION]


N002 [ORIGINAL FILE: SIMPLE WING TEST 01.DXF]


N003 %


N004 G90


N005 M03


N006 G00 Z0.25


N007 G00 X0.114111 Y0.400531


N008 G00 Z0


N009 G01 X0.114111 Y0.400531


N010 G01 X0.45302 Y0.261491


N011 G01 X1.860796 Y0.226731


N012 G01 X7.655644 Y0.3977


N013 G01 X4.448235 Y0.878479


N014 G01 X2.032423 Y0.939309


N015 G01 X0.57468 Y0.6873


N016 G01 X0.114111 Y0.400531


N017 G00 Z0.25


N018 G00 X2.0625 Y0.59375


N019 G00 Z0


N020 G01 X2.0625 Y0.59375


N021 G02 X2.3125 Y0.59375 I2.1875 J0.59375


N022 G02 X2.0625 Y0.59375 I2.1875 J0.59375


N023 G00 Z0.25


N024 G00 X3.525 Y0.625


N025 G00 Z0


N026 G01 X3.525 Y0.625


N027 G02 X3.725 Y0.625 I3.625 J0.625


N028 G02 X3.525 Y0.625 I3.625 J0.625


N029 G00 Z0.25


N030 G00 X5.2 Y0.5625


N031 G00 Z0


N032 G01 X5.2 Y0.5625


N033 G02 X5.3 Y0.5625 I5.25 J0.5625


N034 G02 X5.2 Y0.5625 I5.25 J0.5625


N035 G00 Z0.25


N036 G00 X0 Y0


N037 M05


N038 M30








[GCODE PROGRAM 2]


N001 [KCAM CONVERSION]


N002 [ORIGINAL FILE: SIMPLE WING TEST 01.DXF]


N003 [TOOL LIST: TOOL1=.1250 DIAMETER, LENGTH=DON'T CARE]


N004 [TOOL LIST: TOOL2=.0625 DIAMETER, LENGTH=DON'T CARE]


N005 %


N006 T1 [SELECT TOOL NUMBER 1 WITH .1250 DIAMETER]


N007 G90


N008 M03


N009 G00 Z0.25


N010 G00 X0.048 Y0.45 [MODIFIED FOR LEAD IN]


N011 G00 Z0


N012 G42 [START CUTTER COMPENSATION]


N013 G01 X0.114111 Y0.400531


N014 G01 X0.45302 Y0.261491


N015 G01 X1.860796 Y0.226731


N016 G01 X7.655644 Y0.3977


N017 G01 X4.448235 Y0.878479


N018 G01 X2.032423 Y0.939309


N019 G01 X0.57468 Y0.6873


N020 G01 X0.114111 Y0.400531


N021 G40 [TURN OFF CUTTER COMPENSATION]


N022 G00 Z0.25


N023 G00 X2.17 Y0.59375 [MODIFIED FOR LEAD IN]


N024 G00 Z0


N025 G42 [START CUTTER COMPENSATION]


N026 G01 X2.0625 Y0.59375


N027 G02 X2.3125 Y0.59375 I2.1875 J0.59375


N028 G02 X2.0625 Y0.59375 I2.1875 J0.59375


N029 G40 [TURN OFF CUTTER COMPENSATION]


N030 G00 Z0.25


N031 G00 X3.61 Y0.625 [MODIFIED FOR LEAD IN]


N032 G00 Z0


N033 G42 [START CUTTER COMPENSATION]


N034 G01 X3.525 Y0.625


N035 G02 X3.725 Y0.625 I3.625 J0.625


N036 G02 X3.525 Y0.625 I3.625 J0.625


N037 G40 [TURN OFF CUTTER COMPENSATION]


N038 G00 Z0.25


N039 G00 X5.25 Y0.5625 [MODIFIED FOR LEAD IN]


N040 G00 Z0


N041 T2 [CHANGE TO TOOL 2, TOOL 1 IS TOO LARGE FOR THIS HOLE]


N042 G42 [START CUTTER COMPENSATION]


N043 G01 X5.2 Y0.5625


N044 G02 X5.3 Y0.5625 I5.25 J0.5625


N045 G02 X5.2 Y0.5625 I5.25 J0.5625


N046 G40 [TURN OFF CUTTER COMPENSATION]


N047 G00 Z0.25


N048 G00 X0 Y0


N049 M05


N050 M30














