MAC211, Module 3; Machining long parts on a Swiss style screw machine.

Swiss screw machines are very good at machining long parts. The only limits to how long a part a Swiss style lathe can machine is the length of bar stock available, the bar length capacity of the bar loader/feeder attached to the Swiss lathe and how much floorspace is  available for the finished part to stick out the back end of the back spindle. 

As we have already learned, the Z stroke of the headstock of our A-20 is 200mm.  Generally the headstock travel is dependent on the max. bar diameter. Smaller diameter capacity machines will typically have less headstock travel compared to larger machines. Some machine brands offer extra long headstock travel versions of their machines or have models that have extra long headstock travels, these machines are often popular with companies who perform shaft work. 

We have also learned the maximum length of a part that can fit inside the back spindle collet is about 5 or 6 inches. This limitation is present only because the part ejector mechanism fits behind the collet sleeve. If we remove the part ejector rod then we can pass any length part all the way through the back spindle. Of course, if the part ejector system is removed we can’t eject parts into the standard finished part collection basket. 

Long parts must be ejected through the back of the back spindle. Many creative solutions for doing this have been tried.  Often the finished part is pushed out of the spindle by the next part as the next part is machined. This is the easiest method and works ok if the diameters of the back end of the previous part and the front end of the next part do not allow these two diameters to “climb over” each other.  This “climbing over” is a problem if the previous part needs to rotate while it is in contact with the previous part. The surface finish of the back of the previous part and the front of the next part will both be damaged. 

The best way to keep parts from “climbing over” each other is to attach a guide tube in the spindle with an ID slightly larger than the OD of the machined part.  As we will see when we get to the machine, the part ejector mechanism mounts to the back spindle framework. We can use this mounting point to attach our guide tube. Citizen makes a “long part ejection kit” for the A-20 that mounts to the machine in this way.  If one of the guide tubes in the kit is slightly larger than the largest diameter of our long shaft part then we would just have the part pass through the guide tube. If our part is too small for a supplied guide tube then we will need to add a spacer or reducing tube inside the guide tube. 

Sometimes it is necessary to guide our part through the back spindle collet behind its lands to where the long part guide tube starts. If this is required then we need to make a bushing to fit in the back spindle. Recall there is a brass spacer under the collet spring in the collet sleeve. We can remove this spacer and use that space for our bushing. The collet spring takes quite a bit of force to compress so it is more than powerful enough to locate the shoulder of a bushing between the spring and the shoulder in the collet sleeve that normally locates the standard spacer bushing. Often you can leave the stock spacer in the collet sleeve and just make you bushing with a thin flange to pinch between the collet sprint and spacer. Some people try to make a press-fit bushing that presses in the back end of a collet. This will most likely not work. There is a very small amount of clearance between the collet OD and the collet sleeve ID. Almost any amount of bushing press fit will enlarge the collet diameter and keep it from fitting and sliding properly in the collet sleeve. 

Using one part to push the previous part through the spindle is not the only way to move the parts along. Often if part is not very large and heavy using the back spindle air valve to “shoot” the part through the back spindle works well. You need to catch the part when it exits the guide tube but there should not be any part-on-part damage.  Other more complicated systems involve a gripper mechanism that will pull the part out of the tube. Some shops come up with a plunger to push the part out the spindle.  Often an operator must manually remove the part from the guide tube.     

Programming
Programming a part that is longer than the machine’s stroke is not hard once you grasp the concept. That concept is to move the headstock to a suitable Z-position, park the back spindle on the part where its collet can clamp the part. This may need the machining program to machine a temporary feature on the part that is the same diameter as where the back spindle collet will eventually clamp on the part for the pick off /cut off operation. Once the back spindle is clamped, open the front spindle collet and shift the headstock back an appropriate amount and close the front spindle collet.  Then, using the G50 command on the $1 section of the program (front spindle program if you are not working on a Citizen machine), assign the current Z-position of the headstock to the position it was in when the back spindle collet closed on the part. Now open the back spindle collet and continue machining. Keep in mind the front of the part is now in the back spindle so it can’t move to a different tool. The back spindle needs to stay parked behind the guide bushing until the part has been cut off of the bar.  There is going to be lots of $1-$2 queues during this process.

Some parts require this process be programmed and executed multiple times. The section of the program where the “headstock shift” takes place is not the only part of the program that is affected, The Z-position of the headstock at the start of the program also is affected. That initial Z-position will depend on the geometry of your part. 

This probably seems very confusing. As a matter of fact, it is confusing to many people what have been doing Swiss machining for years. Hopefully the code it takes to execute a long part will make more sense.

[bookmark: _GoBack]Project
See “MAC211 figure 1” drawing. It shows a shaft part 10 inches long. Our A-20 only has 200mm of headstock stroke (just a little under 8 inches) so we will need to perform a “headstock shift” during the machining of this shaft. This part is very straight forward: There is a change in diameter at the midpoint of the shaft and that is where we will program and machine to before the “headstock shift” takes place. Also notice the part diameter jumps up towards the end of the shaft. For pickoff we are going to position our back spindle just behind the groove. We will use the back spindle to drill and tap the hole in the back face of the shaft and also plunge the OD groove. This means we need to turn a section of ½” diameter (that is the diameter of the pickoff collet) length we can chuck onto during the “headstock shift”.


For this part we will need to set our chuck length in the MC Data page to 6.0 inches. Our part is one where we would machine to the Z5.750 location then perform the shift. If we had a non-Citizen machine we would need to have Z6. In the G300 line at the start of the front spindle program. 

As we review the program, make sure you understand everything that is going on. This program is specific to our A-20 machine but would be very similar if we had a non-citizen machine. 

 $1						$2
.						.
.						.
.						.
G1Z5.F.003
X.46
G2X.5W.02R.02
G1Z5.5			
X.623
U.002W.05F.005
G0X.75T0					T3000
M5						G50Z0.
T100 						M16
G0Z5.75(AT THIS POINT THE HEADSTOCK IS CLOSE TO ITS OVERTRAVEL POSITION-FORWARD. NOTE AS FAR AS OUR PART IS CONCERNED, THE HEADSTOCK IS AT Z5.75. THIS IS IMPORTANT.)
						M25
!2L1						!1L1
						G0Z5.
						G98G1Z5.3F250. (THIS Z5.3 IS AN EDUCATED GUESS AND MAY NEED TO BE ADJUSTED WHEN WE RUN THROUGH THE PROGRAM. THE POINT OF THIS MOVE IS TO POSITION THE BACK SPINDLE COLLET ON THE PART WHERE THE PART DIAMETER MATCHES THE COLLET’S BORE SIZE. THE BACK SPINDLE WILL CLAMP ON THE PART AND REMAIN STATIONARY WHILE THE HEAD STOCK REPOSITIONS ITSELF. SINCE THE BACK SPINDLE WILL REMAIN STATIONARY WE KNOW POSITION OF THE PART RELATIVE TO THE MACHINE IS Z5.75)

						M15
						G4U.5
!2L2						!1L2
M7(THE FRONT SPINDLE COLLET IS NOW OPEN AND THE NEXT LINE WILL MOVE THE HEADSTOCK IN THE NEGATIVE Z-DIRECTION 5.5 INCHES. THE POSITION READOUTS ON THE MACHINE WILL REFLECT ALL THESE MOVES. HOWEVER, SINCE THE BACK SPINDLE IS CLAMPED ON THE PART AND IS REMAINING STATIONARY, WE KNOW THE PART IS POSITIONED AT Z=5.750) THE FRONT SPINDLE MOVED AND THE POSITION READINGS REFLECTED THAT MOVE BUT THE PART DID NOT MOVE, IT IS STILL AT Z=5.750)
G0W-5.5
G4U.5
M6
G50Z5.75(NOW THE FRONT SPINDLE IS CLOSED AND WE USE THE G50 Z5.75 COMMAND TO RESET THE CURRENT Z1 AXIS POSITION READING OF THE MACHINE TO 5.750.  THE BACK SPINDLE IS STILL CLAMPED ON THE PART AND IT DID NOT MOVE SO WE KNOW THE ACUTAL Z1 POSITION OF THE PART IN THE MACHINE IS 5.75)
 
!2L3						!2L3
						M16(NOW THE BACK SPINDLE HAS UNCLAMPED FROM THE PART AND IS FREE TO MOVE BACK TO ITS HOME POSITION. THE FRONT OF THE PART IS NOW POTENTIALLY IN THE BACK SPINDLE COLLET SO WE CAN’T NOVE THE BACK SPINDLE IN THE X-DIRECTION OR WE WILL BEND THE PART. DEPENDING ON HOW MUCH MORE MACHINING IS REQUIRED, WE MAY WANT TO SNYCHRONIZE THE BACK SPINDLE ROTATION WITH THE FRONT SPINDLE SO THE PART DOES NOT RUB ON THE ID SURFACE OF THE BACK SPINDLE COLLET.)
						G1W-.5
!2L4						!2L4	
T200						M141
M3S1=3000
G0X.65Z4.98T02
X.325
G99G1X.375W.025F.003
Z9.0(NOTICE THIS Z POSITION COMMAND NUMBER IS GREATER THAN THE MACHINE’S Z-STROKE. WE DID NOT RESET THE MACHINE COORDINATES, WE RESET THE WORK COORDINATES. OUR PROGRAM USES WORK COORDINATES) 
X.45
X.5W.025
Z10.05
X.63
G0X.75T0
(NOTICE BELOW WE ARE NOT USING THE G650 COMMAND WE NORMALLY USE FOR PICKOFF, THAT COMMAND LOOSES ITS FUNCTIONALITY WHEN WE WORK WITH SHIFTED PARTS, WE WILL STILL NEED IT TO SYNCHRONIZE THE Z1 AND Z2 AXES BUT WE CAN’T USE IT TO POSITION THE PICKOFF SPINDLE, THAT Z POSITION IS MANUALLY DETERMINED.)
T100
!2L5						!1L5
M3S1=3000					M24S2=3000
						G0Z5.
G650						G650W0(THE G650W0 COMMAND TURNS ON G650 BUT KEEPS THE BACK SPINDLE PARKED WHERE IT IS. WITHOUT THE W0 IN THE COMMAND, THE BACK SPINDLE WOULD GO BACK TO ITS HOME POSITION.)
G50W-.087					
G0X.64Z10.005T01				G98G1Z5.6T30
G814						M77
G99G1X,55F.002				(IF NEEDED, WE COULD CLAMP THE BACK SPINDLE  HERE AND LET IT FOLLOW THE FRONT SPINDLE. BY DELAYING THE BACK SPINDLE CLAMPING TO JUST BEFORE THE FRONT SPINDLE CUTS THE PART OFF OF THE BAR, THE POSSIBILITY OF THE BACK SPINDLE COLLET MARKING THE PART IS DIMINISHED. THAT SYNCHRONIZATION IS SUPPOSED TO BE PERFECT AND IT IS VERY VERY CLOSE TO BEING PERFECT. ADDITIONALLY IF THERE IS ANY MIS-ALIGNMENT BETWEEN THE FRONT AND BACK SPINDLES IN THE X-DIRECTION THEN THE BACK SPINDLE COLLET WILL MARE THE PART. WAITING TO CLAMP THE BACK COLLET REDUCES THE TENDANCY OF THE COLLET TO DAMAGE THE PART.) 
X.64F.005
Z9.98
X.63
X.59Z10.F.0015
!2L6						!1L6
G1X-.05F.002					M15
G813				
G600						G600
M5						M25
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