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9. Tool Axis Limits

Introduction

It is possible to set the Toolaxis limits of the machine tool within PowerMILL. This enables the rotary working envelope to be defined and not exceeded when creating multi-axis toolpaths. Due to differing configurations between different machine tools the angular limits are translated in terms of Azimuth and Elevation angles in PowerMILL.

Azimuth and Elevation

The Azimuth is the angle from X 0° anticlockwise around the XY plane. The Elevation is the angle that is lifted upwards (+90°) or downwards (-90°) from the XY plane.
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The Tool Axis Limits form is accessed from within the Tool Axis direction dialog. Limits can only be applied if the tool axis is set to anything other than Vertical or Fixed Direction and the Tool Axis Limits box ticked.
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Must be ticked for access to the Limits tab
· Delete all and Reset Forms.

· Open the read only Project:-                      
           D:\users\training\PowerMILL_Data\five_axis\Tool_Limit\JoyStick_Start
· Select File - Save Project As:-
              D:\users\training\COURSEWORK\PowerMILL-Projects\JoyStick-Example

· In the graphics area, right mouse click on one of the tooltracks near to the bottom of the sphere, and from the local menu select Simulate from Nearest Point.
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Note that the tool is cranked over way beyond the rotational limits of the machine tool and the tool holder is visibly colliding with the base form. 
To further illustrate the machining process exceeding the rotary limits the strategy will be Simulated using a DMU50 Evolution machine tool.
· Right click over the Toolpath BN16-NoToolAxisLimits in the explorer window and select Simulate from Start.
This command will raise the Simulation toolbar (if it is not already open).
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· In the main pull down menus select View - Toolbars - Machine Tool to raise the Machine Tool definition toolbar.
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· Select the Import Machine Tool Model icon and select:-

               D:\users\training\PowerMILL Data\Machine Data\dmu50v.mtd
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· Ensure the Draw\Undraw machine tool icon        is selected to display the machine tool.
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The current component datum (Transform) is matched to that of the Machine Tool model (Top - Centre of Table). As a result, the base of the component is currently embedded into the machine tool bed. To compensate for this, a new, suitably positioned Workplane is created. This new Workplane is then registered in the Machine Tool definition toolbar.
· Create a new Workplane named MTD-datum and move it by Z-50.

· Register the new Workplane, MTD-datum in the Machine Tool definition form (Note: It is not necessary to Activate the new Workplane).
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The component will immediately be repositioned, relative to the new Workplane. 
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· Select View from Front (-Y) and Zoom the machining area.

· [image: image28.png]


Select the Tool View Point icon from the Simulation toolbar.
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 to observe the virtual machining of the component.

The DMU50 angular limits are X ±90 Y ±360 and this information is stored in the MTD file. This translates to Azimuth angle limits of 0 to 360 and Elevation angle limits of 0 to 90. When the toolpath simulation attempts to go beyond this range an error message will be displayed indicating that the machine, Tool Axis Limits will be exceeded.
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To allow for this, the true Tool Axis Limits will be applied to the toolpath on calculation.

· Select the toolpath Settings from the explorer window make a Copy[image: image2.png]



of the original toolpath and rename BN16-LimitsSet.
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From the Tool Axis Direction form  [image: image3.png]


 select the Toolaxis limits option to activate the Limits tab (Tick Draw Toolaxis to view limits).

· Select the Limits tab and enter the values into the form exactly as shown.
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  Draw Limits on (ticked)

The green area of the sphere represents the permissible angular alignment of the Tool Axis.
· Accept the Tool Axis Direction form.

· With the same Reference Surface selected Apply and Accept the form.

· Right click over the Toolpath, BN16-LimitsSet in the explorer window and select Simulate from Start.
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· Simulate the Toolpath. [image: image4.png]



With Mode set to Remove Toolpath in the Limits form, only the portion of the surface within the rotary Tool Axis Limit range is machined.
· Right mouse click on the toolpath, BN16-LimitsSet and Select Settings to access the Surface Projection Finishing form. 
· Select recycle [image: image5.png]


and from the Tool Axis Direction form[image: image6.png]


 select the Limits tab and enter the values into the form exactly as shown below.
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· Accept the Tool Axis Direction form.

· With the original surface selected Apply and Accept the toolpath.
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Right click over the Toolpath 10bnLimitsSet in the explorer window and select Simulate from Start.

· Simulate the Toolpath.[image: image7.png]



With Mode set to Move Toolaxis in the Limits form, the surface is fully machined with the Tool Axis becoming fixed when it reaches the maximum, Tool Axis Limit. 

· Select File - Save Project to update the stored data.

Defining Limits for a Multi-Axis Machine

The Tool Axis Limits option allows the user to control the angular limits of a tool while creating a multi-axis toolpath. The specified limits will differ in format depending on the type of rotary axis configuration. As a result they will have to be translated as universal Azimuth and Elevation angles to be compatible with PowerMILL.

The configuration of the rotary axes varies widely, however the differences between many of these are relatively minor and there are really only three fundamentally different machine configurations:

Table – Table     Both rotary axes move the table.

Head – Head        Both rotary axes move the head.

Head – Table       One rotary axis moves the head, the other moves the table.

The next examples will show how to transpose angular limits of a machine tool into Azimuth and Elevation angles.

· Delete all and Reset Forms.

· Select the Tool Axis icon [image: image8.png]


 from the main PowerMILL toolbar.

· Define Tool Axis as Lead\Lean and set Lead\Lean angles to zero.
· Select the Toolaxis Limits option [image: image9.png]Toolaxds Liits [V
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 to activate the Limits tab.
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Open the Limits tab.

· Select the Draw Limits option from the form.

· Select view Iso 1.
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With the Draw Limits option selected a sphere will be displayed in the graphics window representing the angular machining limits available.

Green indicates a machinable portion and Red a non-machinable portion. With the default settings selected the total machining range is covered so the whole sphere will be Green.

Table – Table

Both rotary axes operate on a table.
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With the above Table-Table machine tool the angular limits are specified as:

X ± 30

Z ± 360

The machine tool Y limits are equivalent to the Azimuth angle or the angular limits normal to the XY plane. The Y limit of ± 360 translates to Azimuth angle limits of 0 to 360.

The machine tool X limits are equivalent to the Elevation angle above the XY plane. However they are not the same angle. This is best described using the diagram below. The machine tool measures the angular range relative to the Z Axis and PowerMILL measures it relative to the XY plane, therefore the angle required for the limit in PowerMILL is the complementary angle to the one given for the machine tool.
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This means that the X limit of ±30 translates to Elevation angle limits of 60 to 90.

· Retain the default Azimuth Angle and modify the Elevation Angle values in the form as shown below to update the machining limits.
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The Tool Axis Limits sphere has been visually updated with the modified values.

An Alternative Table -Table machine tool has the following angular limits:

X ± 100  Y ± 360

This translates to Azimuth angle limits of 0 to 360 and Elevation angle limits of –10 to 90.
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· Modify the Elevation angle values (-10 to 90) in the Angle Limits form to update the machining limits (as shown).
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The Tool Axis Limits sphere has been visually updated with the modified values.

Head – Head

Both rotary axes move the head.
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With the above Head-Head machine tool the angular limits are specified as:

X ± 60    Z ± 360

The machine tool Z limits are equivalent to the Azimuth angle or the angular limits normal to the XY plane. In PowerMILL the Z limit of ± 360 translates to Azimuth angle limits of 0 to 360.

The machine tool X limits are equivalent to the Elevation angle above the XY plane. The angular range of the machine tool is relative to the Z Axis, however PowerMILL measures it relative to the XY plane. Therefore the angle required for the limit in PowerMILL is the complementary angle to the one given for the machine tool. The X limit of ± 60 translates to Elevation angle limits of 30 to 90.
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Alternative Head-Head machine tool angular limits:

X –50 to +60

Z ± 360

This translates to Azimuth angle limits of 0 to 360 and Elevation angle limits of 30 to 90. In this case the machine tool limits across the XZ plane differ. PowerMILL will use the largest rotational value (+60). This is allowed by rotating the head 180º about Z to provide access to the maximum range +60 (which otherwise would be -50).

· Modify the Elevation angle values (30 to 90) in the form to update the machining limits as shown on the following page.
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The Tool Axis Limits sphere has been visually updated with the modified values.
Head – Table

One rotary axis moves the head, and the other moves the table.
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With the above Head-Table machine tool the angular limits are specified as:

X ± 40   Z ± 360
The machine tool Z limits are equivalent to the Azimuth angle or the angular limits in the XY plane. The Z limit of ± 360 translates to Azimuth angle limits of 0 to 360.

The machine tool X limits are equivalent to the Elevation angle above the XY plane. It is the complementary angle to the Elevation angle. The X limit of ± 40 translates to Elevation angle limits of 50 to 90.

· Modify the Elevation angle values (50 to 90) in the form to update the machining limits as shown below.
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The Tool Axis Limits sphere has been visually updated with the modified values.

Applying tool Axis limits on a Steep Sidewall base Fillet

· Delete all and Reset Forms.

· Open the Project (As Saved earlier in Chapter 4):-
      D:\users\training\COURSEWORK\PowerMILL-Projects\Punch2 

· Select File - Save Project As:-

      D:\users\training\COURSEWORK\PowerMILL-Projects\Punch2-ToolAxisLimits
· Create a 20mm Ballnose tool Length 50 named BN20.

· Add a Shank component    Upper Dia 20   Lower Dia 20   Length 40
· Add a Holder component   Upper Dia 75   Lower Dia 40   Length 40
· Add a Holder component   Upper Dia 75   Lower Dia 75   Length 60  Overhang 80
· Select the fillet running around the base of the main component sidewalls.
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· Select the Toolpath Strategies icon [image: image10.png]


 and in the Strategy Selector - Finishing options select the Surface Finishing option. 
· Input data into the Surface Finishing form, pages exactly as shown on the following page.
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Toolpath name:-
BN20-Fillet-FIN

Stepover 1
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Pattern Direction U
Tick Spiral
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· Select Calculate to create the Surface Finishing toolpath.
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The Tool Holder is in Collision with the Base.

The Tool Holder is in collision with the Sidewall.
During Projection Surface Finishing the tool (bn20) is aligned normal to the Fillet Surface (if default Lead\Lean 0 is applied). This is creating a Collision situation with both the sidewall and the base. Tool Axis limits will be applied to prevent this immediate problem as well as to keep the tool alignment within the machine tool rotary limits.

· In the explorer right click over the Toolpath - BN20-Fillet-FIN and select Settings to re-open the Surface Finishing form.

· In the Surface Finishing form select [image: image11.png]


 to create a ‘copy’ and enter the Toolpath name - BN20-Fillet-LIM30. 



· Select the Tool Axis page and select to open the Tool axis form.
· Enter Mode - Move tool axis and for Elevation angle input Start 30 and End 60
· Accept the form.
· In the main form select Calculate to create the toolpath.

With the Tool Axis Limits applied the alignment will be restricted to operate between 30 and 60 degrees (Elevation Angle) relative to the XY plane. A sphere (shaded pink) displaying the Tool Axis alignment limits (shaded green) becomes visible when the box labelled Draw Limits is ticked. The two illustrations on the following page show the toolpath with the tool attached on the upper and lower tracks to show the effect of the specified limits.

Compare these with the earlier illustrations of the previous toolpath created with no Tool Axis Limits applied.




The Tool Holder is no longer in collision with the Base or Sidewalls.

· Save the Project.
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