MAC211 Module 4: Continuous Threading.

Often parts have long lengths of external threads, too long to simply single point machine them. Using a thread rolling or a thread die head are two options for these parts. Both of these methods involve a tool that is set up and adjusted for the size, pitch and type of thread the part requires. Once this is done it is a simple manner to feed the roll or die head on the part, similar to how a tap is fed into a hole to produce threads. Some of these tools will “open” allowing the tool to be rapidly removed or pulled off the part. Some tools do not “open” and the spindle must be reversed and the tool will feed itself off the part, again just like a tap is removed from a tapped hole. If the roll or die head is the type that “opens” then it must be reset, typically by using a lever mounted in the machine. 

There are a few ways to get the roll or die head to “open”. The most basic one is to stop feeding the tool on the part while the spindle continues to rotate, this rotation will cause the head of the tool to pull itself off of its mounting shaft to the point where is pops open. When the tool “pops” is usually rotates to move the rolls or cutters away from the part. This allows the roll or die head to be removed rapidly and without stopping the spindle since the thread rolls or thread die cutters are no longer in contact with the part. 

Sometimes these heads have a button that will open the head. In this case the machine setup person must mount a rod or lever that will contact the release button when the correct thread length has been reached.

Usually the head of the tool must be pulled off its shaft approximately 2 or 3 millimeters before the head will “pop” open. The best thread quality results are achieved when the screw machine (or whatever machine tool is making the part) is not forcing the head along the part, letting the head “float” in this 2 or 3 mm zone. This is very easy to do, you just program the feed rate of the tool slightly lower than the actual thread pitch. For very long threads you may start out feeding at this slower feed rate for a little distance (maybe ½ inch) then feed at the thread’s pitch for the rest of the thread length. Feeding at the slower rate for a long time will result in the head popping open before the parts full thread length is achieved. 

Cutting threads with a die head does have a thread length limit since the chips produced by the cutter will curl themselves in from of the die head. If these chip curls get too large they may tend wrap around the part and can affect the cutting performance of the die head or just cause problems with the part which now has a “birds nest” of chips wrapped around it. 

Tooling costs for the thread roll or die head are very expensive and the actual rolls or chasers that fit in them are expensive too. Usually these methods are only used when thousands and thousands of parts need to be made. Often small jobs can’t justify the tooling expense to use thread roll or die head tooling.        

In this case we can use “continuous threading”. As we have discussed and seen, a Swiss-type lathe can’t turn a long length of a part then pull that entire length back into the guide busing without the bar stock loosing contact with the guide bushing. 
Just like the general approach of machining a part on a Swiss-type lathe is to machine the part in sections from front to back, continuous threading allows us to do that same technique even with threads. 

Projecgt
See Mac211 Figure 2, it shows a part with a long thread length, too long to accomplish in one single point threading cycle.  The bottom section of the drawing shows the finished part. Each section above that part is showing how nose of the part is first turned and threaded. The second section is turned and threaded and finally the third section is turned and threaded.  If done correctly, all three sections of this part’s threads will be synchronized together to form one continuous thread.

To accomplish this task we are going to use the most basic of threading codes the machine has: G32. Typically G32 is used to tap a hole in the face (front or back) of a part. 

G32 does 4 basic functions: 
1. The federate is locked at 100% regardless of what the feed dial is set at. 
2. Once the part program line with G32 is executed, the program will continue to execute line after line after G32 until a line with a G0 is commanded. This happens even if the “single block” button is active. 
3. G32 synchronizes feeding of the Z axis with the spindle rotation. It waits for  C-0° of the spindle to come around before the machine will start to feed.  
4. The commanded feed rate will be for the Z axis. Any X or Y moves will be linearly interpolated with the Z component of the interpolation feeding at the programmed feed rate.

It may appear we could use a standard G76 or G92 to thread long threads. Close examination of either of these threading cycles will show the threading tool will drop down to its X position then wait for C0 to come around before the Z-axis starts to feed. This will result in a “groove” at the starting point for each section of threads. 

See MAC211 Figure 2, it shows a part with threads that are too long to single point in the standard manner. Moving up the page, the OD of the part would be turned to the shape shown and the threads would be cut into the part using the path outlined above the turned section. The next section would then be machined and threaded. This process is continued as many times are necessary to achieve the required thread length. 

Notice the thread path outline (starts with a dot and ends with an arrow). We must feed down at an angle to the correct X position of the cut, then feed along in the Z-direction only and then exit the cut at an angle. These angles are so one set of thread cuts can blend into the previous set of threads smoothly.  The figure also shows each turned section ends with an angle. If the turned section ended in a vertical shoulder, there would be noticeable witness marks where one turned section transitioned to another. 

Single point threading will take multiple passes to achieve the desired thread depth, each pass cutting the threads a little deeper. Best results are achieved when the whole cutting pass follows the same path. 

MAC211 figure 2 also shows the Z starting point of each thread section (the small circle) are offset by an integer number of thread pitches from the previous thread section. This is very important. This is what synchronizes each thread section to the first section.  For example: If we were cutting ¼x20tpi threads (pitch = .050”) and the first thread section started at Z-.1 then the second thread section could start at Z.5 or Z.55 or Z.6. Each of these Z starting points being an integer number of pitches (12, 13 or 14) offset from the starting Z of the first section (Z-.1). The second set of threads could not start at Z.52 or Z.575, neither of these are an integer number of pitches offset from the original staring Z-position. Also notice the Z-position of where the second and third sets of threads reach their X position overlaps the full depth threads of the previously threaded section. This may make better sense if we look at the code to make these threads.

Lets use the 1/4x20 threads and just to make numbers nice and round lets say the first thread cut will happen at diameter .24, the next one at .23, next at .22, next at .21 and the final cut at .20.  We will start our threading at Z-.1 and the final Z length will be at 1.46 and the part diameter after the threads is ½”.

Here is what this program could look like:
. . . 
M3S1=3000
T200(TURNING TOOL)
G0X.52Z0.T02
G99G1X-.02F.003
X.18F.006
X.25Z.035F.003 (45 DEGREE CHAMFER)
Z.6
U.3W.15(45 DEGREE EXIT OUT OF THE BAR)
G0X.75T0

M3S1=1000
T400(THREADING TOOL)
G0X.52Z-.1T04(STARTING FIRST THREAD SECTION AT Z-.1)
X.32
G32X.24W.08F.05(THIS IS THE DOWN ANGLE TO GET TO OUR CUT DEPTH, X.24)
Z.5
U.06W.03
G0X.32(THIS G0 ENDS THE G32 CYCLE)
Z-.1(GO BACK TO ORIGINAL Z STARTING POSITION)
X.31(EACH PASS STARTS AT DIAMETER .08 ABOVE THE X CUT POSITION)
G32X.23W.08
Z.5
U.06W.03
G0X.32
Z-.1
X.30
G32X.22W.08
Z.5
U.06W.03
G0X.32
Z-.1
X.29
G32X.21W.08
Z.5
U.06W.03
G0X.32
Z-.1
X.28
G32X.20W.08
Z.5
U.06W.03
G0X.75T0

M3S1=3000
T200(TURNING TOOL AGAIN)
G0X.52Z.55T02
X.27
G99G1X.25Z.58F.003
Z1.2
U.3W.15
G0X.75T0

M3S1=1000
T400(THREADING TOOL AGAIN)
G0X.52Z.4T04(STARTING SECOND THREAD SECTION AT Z.4)
(NOTE Z.4 IS EXACTLY 5 PITCHES FROM THE ORIGINAL Z-.1 STARTING POSITION, ALSO NOTE IF WE START AT Z-.4 AND USE THE SAME G32X,xxW.08 ENTRY VECTOR, WE WILL REACH OUR X CUT POSITION AT Z.48 AND THE FIRST THREAD SECTION WENT TO Z.5 BEFORE ITS EXIT VECTOR. THIS GIVES US A .020 OVERLAP) 
X.32
G32X.24W.08F.05
Z1.1
U.06W.03
G0X.32
Z.4
X.31
G32X.23W.08
Z1.1
U.06W.03
G0X.32
Z.4
X.30

G32X.22W.08
Z1.1
U.06W.03
G0X.32
Z.4
X.29
G32X.21W.08
Z1.1
U.06W.03
G0X.32
Z.4
X.28
G32X.20W.08
Z1.1
U.06W.03
G0X.75T0

M3S1=3000
T200(TURNING TOOL AGAIN)
G0X.52Z1.1T02
X.27
G99G1X.25Z1.18F.003
Z1.42
X.47
X.51W.02
G0X.75T0

T500(GROOVE)
G0X.52Z1.5T05
G1X.19F.003
X.26
W-.05
X.18W.035
G0X.75T0

M3S1=1000
T400(THREADING TOOL AGAIN)
G0X.52Z1.T04(STARTING THIRD THREAD SECTION AT Z1.0)
X.32
G32X.24W.08F.05
Z1.46(NOTE: IT IS NOT NECESSARY FOR THE Z-ENDING POINT TO BE AN INTEGER NUMBER OF PITCHES OFFSET FROM THE PREVIOUS SECTION. JUST THE STARTING Z-POSITION COUNTS)
U.06W.03
G0X.32
Z1.
X.31
G32X.23W.08
Z1.46
U.06W.03
G0X.32
Z1.
X.30

G32X.22W.08
Z1.46
U.06W.03
G0X.32
Z1.
X.29
G32X.21W.08
Z1.46
U.06W.03
G0X.32
Z1.
X.28
G32X.20W.08
Z1.46
U.06W.03
G0X.75T0
. . . 
[bookmark: _GoBack]This program section is long and drawn out but should be relatively easy to follow. Programming techniques are available that can shorten the  program length but will also make it more difficult to follow.  We will explore those techniques later in the course.
