[bookmark: _GoBack]Module 1: Introduction
Everyone here, through MAC210 or appropriate work experience, should know how to setup and operate a CNC Swiss-style screw machine. Everyone should be able to: 
· Install and adjust guide bushings.
· Install and adjust front or back spindle collets and know the difference between them. 
· Install tools in the machine in all tool zones.
· Setup the bar loader and load bars into it.
· Run the machine. 
· Measure the parts produced by the machine and make offset entries to bring the parts being machined into tolerance.  

In the course of performing these tasks you will have used MDI to enter codes into the screw machine to perform a few limited tasks. These codes or commands are the heart of how a CNC machine tool operates. 

M and G Codes
CNC machine tools use M and G codes to operate. These codes are specific instructions for the machine to perform a particular task. While it would be convenient for all machine tools to use the same exact code, this is not necessarily the case. Each controller manufacturer has their own set of codes and each machine tool builder have their own codes. The set of codes one would use for a Star screw machine for example is different from the set of codes for a Citizen screw machine, both Star and Citizen are different from Tsugami. The same hold true for all the other brands of screw machines. Not only do codes differ from brand to brand but the format for how they are used or their syntax may differ from brand to brand. 

See “Citizen A-20 M and G Codes” document. This is a list of all the M and G codes applicable to the A-20 machine we have here at the school. This list also has explanations for what these codes do and their syntax.  

These codes and syntax are very important to follow and pay attention to. While there is a computer inside each machine tool, these computers can’t interpret a code unless it is in the exact syntax the computer is expecting. These computers can only recognize codes and follow directions, they can’t figure out anything. A misplaced decimal point can lead to a crash. A code in the wrong syntax will lead to an alarm. 

A programmer’s task is to put together a series of codes that will instruct the CNC machine to make a part. This sequence almost always follows a general format. See table below. 

	FRONT SPINDLE
	BACK SPINDLE

	$1 
	$2 

	(P/N 1234, REV 1)
	T3000

	M9
	G50Z0.

	G0G40G99G97G18
	 

	T0
	 

	M52
	 

	M7
	 

	G4U1.
	 

	G53Z4.75
	 

	M6
	 

	G4U.5
	 

	G50Z-.02
	 

	G0X.5Z-.05
	 

	M51(BROKEN TOOL DETECTOR)
	 

	G600 (VERY COMMON)
	G600 (FORCE $2 TO WAIT FOR $1 TO COMPLETE HEADSTOCK RESET)

	. PART MACHINING GOES HERE.
	. PART MACHINING GOES HERE.

	. PART MACHINING GOES HERE.
	. PART MACHINING GOES HERE.

	. PART MACHINING GOES HERE.
	. PART MACHINING GOES HERE.

	. PART MACHINING GOES HERE.
	 

	. PART MACHINING GOES HERE.
	 

	. PART MACHINING GOES HERE.
	 

	. PART MACHINING GOES HERE.
	 

	. PART MACHINING GOES HERE.
	 

	!2l0
	!1L0

	T100
	 

	M3S1=3000
	 

	M24S2=3000
	 

	G814
	 

	G50W-.12
	 

	G0X.42Z1.2
	 

	G650
	G650

	G50W.12
	G50W.5 (ONCE G650 IS PROCESSED, IF THE HEADSTOCK MOVES FORWARD THE BACK SPINDLE WILL FOLLOW AND TRY TO MOVE BACKWARDS. THIS MAY CAUSE AN OVERTRAVEL ON $2Z)

	G0X.42Z1.095T01
	M72

	 
	G0Z-.1

	 
	G98G1Z.5F100.

	 
	M77

	 
	M15

	 
	 

	!2L1
	!1L1

	G1X.35F.004
	 

	X.42F.01
	 

	Z1.06
	 

	X.4
	 

	X.36Z1.09F.002
	 

	X-.03
	 

	G600
	G600

	G813
	 

	M25
	 

	M5
	 

	 
	 

	M8
	 

	/M98P8999
	 

	M9
	 

	 
	 

	M56
	 

	G999
	G999

	N999
	N999

	 
	M53

	M2
	M2

	M99
	M99






The yellow sections are preparatory and set the machine to the correct modes for the part to be run and reset the head stock to its correct starting position. No assumptions should be made about what modes the machine is in, the program needs to set these modes every time the part program is run. Regardless of what the machine was doing immediately before this program is run, these codes should “reset” the machine to what is appropriate for the current part.

The grey areas are for G600-codes. In Citizen programs G600-codes in $1 queue themselves with the same G600-code in $2. G600 cancels other G600-codes. These G600-codes are Citizen’s way of making programming easier. 

G650 for example is the code that synchronizes Z1 and Z2 together and it superimposes $1 coordinates onto $2. What all this means is once a Citizen machine is in G650 mode, Z2 will follow Z1. If you want to cut a chamfer on the back face of a part during part off you only need to program the path in $1. Z2 will automatically follow what Z1 is doing. Other brands of screw machines have this function but they use a different code.  G650 also superimposes $1 coordinates onto Z2. What this means is you program where the face of the back spindle should go on the part before it clamps. In the sample program the back spindle is moving to a Z position of .5 then it clamps its collet. This .5 position is .500 inches past the face of the part. It doesn’t make any difference where Z1 is, after G650 executes the back spindle coordinates change to the front spindle Z coordinates. Other brands of screw machines require you to determine where to position the back spindle using the machine’s standard Z2 coordinates, this may take a little trial and error or calculations. 

G650 can be used on other Citizen machines to bore or drill an ID feature at the same time and OD tool is machining. The A-20 doesn’t have the necessary tool layout for this technique.   

The light green area represents the code that machines the part details, both on $1 and $2 paths. The length of these sections depend on the nature of the part. 

Orange represents a queuing command. When $1 or $2 gets to a queuing command it waits at it until the other path gets to its matching queuing command then both paths proceed. 

Dark green is the part off – pick off section. This is where the part is transferred from the front spindle (still attached to the bar) to the back spindle (cut off of the bar). Depending on the part requirements, the machine can synchronize the phases of both the front and back spindles to allow machining to continue on the back spindle that with maintain phasing with machining performed on the front spindle. This is much more common on more sophisticated machines. The A-20 doesn’t need to make use of this feature very often. 

If it is time for a bar change, the code in the blue area handles it. M8 tells the screw machine to give control of its block skip function to the bar loader. M9 takes control of block skip back to the screw machine. The “/M98P8999” line is a sub program call. The “/” is for block skip. If block skip is “ON” then this line is skipped. If block skip is “OFF” then this line executes and the controller calls up and runs the bar load sub program.  A sub program is a program that resides in the controller memory and can be executed by other programs. Using a sub program for the bar load process means each individual part program doesn’t need to include the specific code for the bar change process. 

It is not a requirement that there can only be one bar load sub program or that a part program needs to use a bar load sub program. If circumstances require there could be multiple bar load sub programs stored in memory, each one performing the bar load process is a different way. Alternately there could be a sophisticated bar load sub program that has the option to perform the bar change task in multiple ways and our part program could specify that way.

Citizen makes it possible to create a generic bar load sub program that acts like it a custom program for every part that runs the sub program. Without sophisticated programming, other brand screw machines usually use a generic bar load sub program that assumes the largest barstock diameter the machine can run and speeds and feeds for very nasty material. This is fine when the machine is running the largest bar of nasty material it can run but this tends to waste time if smaller or easier to machine stock us used. 

The red areas are unique to Citizen. The code between G999 and N999 only executes if the machine is in single part mode and has the “last part” switch turned on. This allows a Citizen machine to make a whole part complete. Other brands tend to stop with a half-completed part in their back spindle. It the “last part” switch is not turned on or if the machine is in “continuous” mode the code between G999 and N999 is not executed. We will see later in the course how this works.

Finally, the dark purple-blue is the end of the program. The M2 tells the controller this is the end of a “Main” program and the “M99” rewinds the program so the machine can make another part. If the machine was in “single part” mode the program would execute to the “M99” then reset to the start of the program and stop. If the machine were in “continuous” mode the program would keep on running until the machine gets an alarm or the operator takes the machine out of “continuous” mode. Any alarm will halt “continuous” operation.  

With our Citizen machine the table represents a single program with the $1 column for the front spindle and $2 for the back spindle. If we had a different brand machine we would have two separate programs. One for the front spindle and one for the back spindle. The M and G codes would often be different but the general flow of those separate programs would be similar to each column of the sample program for our A-20.

After a part has been machined it is important to save that program on a computer or memory card. The size of the screw machine’s memory is usually very small so not very many part programs can reside in the machine’s memory. With Citizen machines only one main program needs to be save for a particular part. With other brands two or three programs need to be saved. 
