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Machine tools can use both Main or Sub programs. What is the difference?

Main Program
A Main program is one that has the M-code (M2 for Citizen or M30 for generic Fanuc machines) at the end of a program. This is the only difference between and Main and a Sub program. It is required that the staring program for a part is a Main program. This does not mean, however, that this program needs to do the most machining or any machining for that matter to the part. Sometimes the Main program just calls up  Sub programs in their correct order to make a part. Both the front spindle and the back spindle sides of the machine need to start with a Main program.  If we had a more sophisticated machine with a turret or 3rd slide, there would need to be a Main program for that slide also. Each slide can have zero or many sub programs. Again, a Citizen machine will only have 1 main program but that program will have a different section; $1, $2 and $3 for some models, for each slide in the machine.  

This is why we are using the terms “Front spindle” and “Back spindle”, not “main spindles” and “sub spindle” as may people and companies do. It would be confusing to be talking about main programs for main spindles, sub programs for main spindles, main programs for sub spindles and sub programs for sub spindles. 

Sub Program
The whole point of having a sub program is to allow more than one other program, either a Main program or another Sub program, to execute the code in the sub program.  This way the code only  needs to be written once and can be used by many other programs. A bar loader sub program is a good example. With the code for the bar change process contained in a sub program, any part program running on a particular screw machine can use the bar loader sub program instead of having to have that code duplicated in every part program. 

If the code in a sub program is only applicable to being run by one other program there is no reason to have the sub program, its code could just as easily be imbedded in the other program. 

Programs, main or sub, require a bit of maintenance and occupy memory space. It you are using a sub program then that program must be saved to a memory device in an organized manner so you can retrieve it the next time the part requiring the sub program runs. Machine tools memory is usually very limited, especially compared almost every other modern electronic device. This memory space can be filled up in two ways, when either way exceeds the limit, the memory will be full. These two ways are the number of files or the number of total bits in memory. If a programmer uses sub programs all the time in a non-beneficial way that programmer may find the machine’s memory is full even though the total number of characters in those files is nowhere close to the character limit. 

Some programmers may use a sub program to perform a task more than once-think milling a flat on a hex for example. It is easy to use one sub program to have all the code to mill each face of a hexagon and many programmers would do this. However the same result, use the same code multiple times can just as easily be accomplished in the part program. The programmer just needs to know how to do it. The cost of using a sub program in this case is a little more time spent downloading and uploading programs. Especially if someone forgets to save the sub program file after a part is done running. If the code is imbedded in the part program then that part program(s) has everything it needs.   

It is important to construct sub programs so they are compatible with the program that commands it and visa versa. 

Implementing a sub program can be accomplished in a couple ways: with a “M98” command or a “G65” command. G65 works exactly the same as M98 except G64 lets us pass information to the sub program using system variables #’s 1-33 for a Fanuc machine or #’s 1-32 in a Mitsubishi machine. Other controllers may have a different number of variables available.   

Lets say you have a family of shaft parts from a customer all with the same groove cut into them multiple times. The code to cut one groove could be in a sub program and that single sub program could be commanded by different main programs instead of duplicating the code numerous times.

Example: A .500” diameter shaft part needs .070” wide grooves with a diameter of .400 at Z locations of 1.000, 1.500 and 2.500 inches. Other similar parts need the same grooves but at different Z locations so it makes good sense to use a sub program for the groove. The part quantity is not very large so it does not make economic sense to have a special insert made that is the correct groove width so you must use a standard insert that will require 2 or more plunges to achieve the .070 width. In this case we will use a 1/16” wide groove (.0625”) grooving insert and its shank is in tool position 4.

The Program
First lets look at what the program would look like if we programmed the grooves longhand. We also can’t have any burrs on these grooves so we must program the tool to remove any burrs.
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N30
T0400(1/16 GROOVE)
M3S1=2500
G99G0X.52Z.998T04
G1X.47F.002
X.505F.005
Z.982
X.502
X.482Z.992F.001
X.4
X.505F.005
Z1.01
X.502
X.482Z1.F.001
X.4
Z.998
G1X.505F.005
G0Z1.498
G1X.47F.002
X.505F.005
Z1.482
X.502F.001
X.482Z1.492F.001
X.4
X.505F.005
Z1.51
X.502F.001
X.482Z1.5F.001
X.4
Z1.498
X.505F.005
G0Z2.498
G1X.47F.002
X.505F.005
Z2.482
X.502F.001
X.482Z2.492
X.4
X.505F.005
Z2.51
X.502F.001
X.482Z2.5
X.4
Z2.498
X.505F.005
G0X.75T0
.
.
.

Now lets use a sub program to cut the groove.
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N30
T0400(1/16 GROOVE)
M3S1=2500
G99G0X.52Z1.T04
M98P0040
G0Z1.5
M98P0040
G0Z2.5
M98P0040
G0X.75T0
.
.
.
Meanwhile out in the machine’s memory sets program O0040 which looks like this:

O0040
G1X.505W-.002F.005
X.47
X.505F.005
W-.016
X.502F.001
X.482W.01
X.47
X.505F.005
W.012
X.502F.001
X.482W-.01
X.4
W-.002
X.505F.005
M99

Each time the part program executes a“M98P0040” line, the controller will run sub program O0040. When the sub program gets to “M99” in the O0040 program it will jump back to the part program immediately after the “M98P0040” line that called it up.  

Notice we needed to use relative coordinates in the sub program, this makes you think a little bit more but using the sub program took less typing. We could have used relative coordinates in the long hand program too, we would have needed to copy and then pasted the code a couple times.

If there were other part programs all needing the same grooves then sub program O0040 could be used by those other part programs too.

We could also have used “G65P0040Z1.” to use a variable to hold our Z location of each groove. In this case the “Z1.” part of the command would have stored 1. in variable #26 and our code would have looked like:

O0040
G1X.505Z[#26-.002]F.005
X.47
X.505F.005
Z[#26-.018]
X.502F.001
X.482W.01
X.4
X.505F.005
Z[#26+.01]
X.502F.001
X.482W-.01
X.4
W-.002
X.505F.005
M99

G65 is very powerful, if our customer had many parts with different part and groove diameters we could pass that information to a single sub program and use that sub program for those parts too.

“G65A.5B.4Z1.” would store the part diameter in system variable #1, the groove diameter in system variable #2 and the Z location in system variable #26. The sub program O0040 could then use those variables in its programming and would look like this:

O0040
G1X[#1+.005]Z[#26-.002]F.005
X[#1-.03]
X[#1+.005]F.005
Z[#26-.018]
X[#1+.002]F.001
X[#1-.018]W.01
X#2
X[#1+.005]F.005
Z[#26+.01]
X[#1+.002]F.001
X[#1-.018]2W-.01
X#2
W-.002
X[#1+.005]F.005
M99
Granted, this is more abstract and harder to follow what’s going on but once you put in the mental effort to write the code, its implementation is very easy. You could also include the tool change, tool offset and clearance moves in the sub program so each time you need a .070 wide groove in one of this customer’s parts all you would need to do is command “G65P0040’ with the appropriate A, B and Z values to have the machine generate the code.  This macro programming is even more powerful than this example. Maybe this customer has a more sophisticated groove design with tapered flanks and a particular fillet radius in the corners, maybe the chamfer on the top of the groove needs to have a 45 degree entry into a particular radius, maybe there are also multiple groove widths and you only have one tool to generate all these groove features because the other features of the part require all the other tool stations. If you set down and put your mind to it, all these details could be addressed in a single sub program.  See the Fanuc Lathe Variables document for more details on macro programming.

 


