Mach3Turn Lathe Offsets and Coordinate systems:

-(The anatomy of a tools position in a lathe)

So, let’s discuss how the tool offsets work in Mach3. To ease this topic, we’ll keep it simple and discuss only one axis. For the sake of simplicity, we will use the X axis. We’ll take it from power up to the tool selection, radius compensation and geometric offset settings as well as wear registers. Let’s look at how they all add to the final thing you use and see, the X-DRO.

  The X-DRO shows you the position of a theoretical cutting tip of a tool. Its makeup is a total of several registers. We must consider all of them in order to understand the full purpose and use of the tool table. We can ignore the turret angle in the tool-table as it does not reflect into the final DRO, all the rest DO impact on the DRO.

 The X-DRO will show a total of the following values in the following way..

XDRO = machine coordinate  - WorkShift coordinate + ToolX geometry – X wear. 

  OK, that looks pretty complex. Lets break it down a bit. 

POWER UP:

   So we power up the control. The first thing we need to consider is the Machine coordinates. When we power up they are in an unknown condition. They may have been remembered form previous usage, but even that will be consider as an unknown condition because the controller has not been in control and cannot trust they have not been moved. We now have two choices. We can home the lathe, in which case the X axis moves to its switch and a preset value gets placed in the machine cooridnates (the setting of the hope switch position register.) or, we can , if no home switch is used, have the machine coordinates zeroed or set to a preset value just by pressing the Set X World button.

  The Machine coordinates are now zero (they could be anything really depending on the home switch position, but let’s just consider them to be zero for ease of argument. Now we have a tool table with a bunch of settings in it. There is an X Geometry offset, a Z geometry offset, tool tip direction and tool radius settings for each of 99 tools. None are used at this point, as we are in the default system of T0000 (tool zero, offset registers zero.).

  In order that a tool table can be used on any lathe, its numbers must reference something. All the offsets in the tool table must be offsets from a known position in order to make sense. For those with home switches, this is easy, the numbers used as home position offsets set the machine coordinates so the tool table entries are in reference to that actual postion, in the case of not having home switches, they are arbitrary until a work shift calibration is done. This is done in Tool T0000. Even if you have home switches, it is unlikely that the repeatability is accurate enough for lathe work, so this calibration of the work shift system is usually still necessary. We’ll see why 

This is important in a moment. 

   To do the Work Shift calibration, we need to use a reference tool. This is the tool which will always be used to calibrate the system to the tool table. As it wears, the wear will not matter because the worn tool will be calibrating the system and all the tool table settings are distances offset from this reference tool. SO we load the ref tool, and take a skim of the stock we are going to turn and without moving the X position of the tool we enter the diameter or radius either in the X-DRO for Part-Zero OR in the X DRO itself. If we entered it into the X-Part-Zero DRO , then we need to press the Part-Zero button. The DRO now reads correctly and the work shift system is calibrated, and the tool table is also valid from this point onwards. Since TOOL T0000 was active while we did this, we know no tool-table entry was changed. They are never touched unless a tool is active. From this point forward, the user must be careful HOW he uses the DRO for the X axis, or the Part-Zero button as the Part-Zero button has a different use when a tool is selected. 
   So what do we have so far, we have a Machine coordinate and a work shift coordinate in which the work shift is subtracted from the machine coordinate to give us our final reading of the X position. We KNOW it is accurate because the tool is resting on the material, and the DRO reads the proper position.

  Now we wish to select a tool. We may be using a pre-calibrated tool table or one in which we will calibrate the entries as we use the tool. Either way will work. If we now change to tool #1 by jogging away from the material and attaching tool #1, (or swiveling in turret #1),  we can select the tool in the controller by typing T0101 (meaning Tool 01, offsets #1). The control will now know the tool #1 is active, will automatically apply the Geometry offsets labeled X and Z offset in the tool table. If this is a turret or a pre-calibrated tool table, you don’t have to recalibrate this tool unless you figure enough wear has occurred to affect you. But if this is an non-calibrated table 

or a new tool entry we need to calibrate it. We again, take a skim of the material, measure the result, and enter it into the Part-Zero DRO and hit Part-Zero. The DRO will then read correctly again, and what the Part-Zero button did was change the tool table entry for the X offset. The X-Geometry offset has now been set in tool#1’s offset table entry. This is important because that tool can now be considered a calibrated tool. The wear register may now be used to compensate for an individual tools wear over time at this point without changing the geometry register in future in one desires. It is possible though to do exactly we just did at any time as only tool#1 will be changed and the other tools retain their calibrated status.

   Any entry in the X-Wear will be subtracted from the DRO position as that 

Entry will tell the system basically that that tool is shorter in the x axis by that amount due to wear.

So now we have 

X-DRO = Machine coordinate – Work Shift + X Geometry – X-Wear .

   It should be obvious what the Tool X-Geometry offset is doing, it allows you to tell the machine about the X geometry of the tool. But why the Work shift offset. What use is it? 

  The Work Shift is there for two reasons. First, it is possible you have a tool turret with calibrated tool lengths in it. Lets say you cut a job using 5 of those tools, and you decide later you wish to have the same part 1mm larger in all cuts. No problem, move in the tool, skim the new material, measure the distance, add 1mm to it and enter it in the X-DRO directly. You just updated the Work Shift offsets to make the part 1mm large no matter how many tools are used and without having to recalibrate them all. Alternatively you could have switched back to tool#0 with T0000, and then entered the new value in the Part-Zero DRO and pressed Part-Zero. The Part-Zero button has two uses in other words, in T0000 using that button sets the Work Shift offset to a new value, thus not affecting the tool table, and if any other tool is active, it will instead modify the X-Geometry offset calibrating that tool, but not the Work Shift Offset. Remember, this is an important distinction, changing the Work Shift offset will affect all tools, while setting a Tool X-Geometry offset will only recalibrate that tool.

 The second reason in more basic, if you have a rear toolpost, the work shift system is what maintains the distance offset from front to rear post. It allows you to switch back and forth from rear to front post. In fact you can have two tools mounted, one front, and one rear, and the work shift system will keep track of this when you switch tools which reside on different sides. 

   The tool table sets which tool-post a particular tool is one, and the system will use that information when a tool is selected to keep things accurate by shifting the Work Shift system to rear-post position.

 Now we come to the final entries in the tool table. Tip direction and Tip radius. Let’s take these one at a time. First, the radius offset.  This is very important. 

Tip radius is completely unused except in G41/G42 sequences. The X and Z geometry is all that’s required in normal non Tool Nose comp. work. SO the following is how the register comes into effect and what it does.

  Non-Tip Direction compensation. 

    Lets assume our tool tip direction is set to 0, meaning all directions (or no direction depending on if you’re a “glass is half-full or half empty” type of guy. We command a G41 in the G-Code. (G41 and G42 cannot be used in MDI work.)/ 

So, when we hit G41 in the code the program knows that we are going to compensate from here on to the left of the tool path. Some would describe this as an entry direction, but that is not quite accurate, it is better thought os

In terms of Mill Compensation where the tool position is now moved to the left of the path (as seen from the moving tip) by the radius of the tool as set in the tool table entry of tip radius for that current tool. So in the case of a T0101, the radius from the tool table entry for tool #1 is used. 
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Figure #1.
  This will give a path as in figure #1. As can be seen the tools position is away from the path by the radius of the tool. If your CAM package puts out pre-compensated code, then this may be all that’s necessary, no tip direction would be important. But if you look at diagram #1 you can see the path is actually not going to cut where you expected. If you have zeroed the tip to the stock and compensate without tip direction, your tool will be away from the are of the stock you wished to cut. To get the tool to actually cut at the desired coordinates taking into account the tip radius we need to subtract the radius of that bit in the proper direction. Consider a button tool which is pointing straight in on the green line to the stock. The front tip of the tool cuts when moving across the Z axis, but when you begin to move in the X axis, the rounded side of the tool begins to cut. This leads up to compensate depending on the tools physical properties. A button tool would be tip #8 ion this case in diagram #2 below.
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figure #2

    In the following figure it will look as if tool #6 is actually used, but this is due to Mach3 being a display of bottom up, rather than top down display. This can be changed in the tool-path configuration, but my lathe has a forward post so my paths are drawn in this way. So let’s consider Tool #8, if you look at the red line on the tip of the tool you can see the normal contact point. Consider it plunging downwards to the stock, only the red tip is to be 

Considered in terms of where to position it, but look what happens as it moves to the left, it will hit that hump and when it does, the side of the tool will gouge into the hump before the red tip pulls back. To stop this we use tip direction. Tip direction #8 tells the system to subtract from figure #1’s path the radius of the tool in only the X direction. Not the Z. (Tip #5 would add a radius to the Z, but not the X while Tip #2 would subtract a radius from the Z and leave the X alone. You’ll get the idea if you study the drawing enough, that or go blind.)

  So lets look at figure #3 with tip # 8 in ind. We have to subtract an X radius and leave the Z alone, this will make figure #1 look like figure #3.
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figure #3
  See how now the tool-path actually moves to the left on try to the part but since the X radius is subtracted, the tip now touches the part in the X axis. Note as it moves to the left to begin the arc move, it keeps moving and does not enter the arc until it knows the side of the button tool would not gouge the part, it then enters the arc and cuts to the bottom of the arc, and again, retracts before gouging the other side. This is the effect of ToolNose compensation. The decision to add or subtract a radius value and from which axis to do this, or both, is the function of the tip direction register. When you select a tool, with TXXYY, the YY selects which geometry offsets to use as well as which tip radius and direction to use. You may , however, override the selection oft the tip direction when calling for a G41 or G42 by using the P parameter, as in G41P5 which would use the tip direction of tool #5 irregardless of which tool is currently active. This is allowed due to the fact that a single tool could be used in several orientations, so the tip direction CAN be variable, though usually it is not.  Using a G40 returns the control  
 to a state where the Tip direction and tip radius is not used in any way.
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