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3. Five Axis Tool Alignment

Introduction

For 5-Axis applications where the machine tool head and\or table, are required to perform both linear and rotational axis moves simultaneously, PowerMILL provides a range of suitable Tool Alignments and Machining Strategies.

5-Axis machining enables components normally requiring a series of 3-Axis operations to be machined in one set-up. Tools can be re-aligned using 5-Axis control to provide access to the base of steep or undercut features, which would otherwise inaccessible down the Z-Axis.

In 5-Axis applications, as well as the normal, default gouge checking, a range of options exist to ensure that no part of the head, spindle or tooling clash with the component between different strategies. In all cases it is essential to carry out a thorough visual inspection of the results. 

Five Axis Tool Alignment and Machining Options

By default the Tool Axis alignment in PowerMILL is set to Vertical for 3-Axis applications and other options will only be available to users with a multiaxis licence.

The Tool Axis Direction form is accessed via the Tool Axis icon [image: image88.png]


 located in the Main toolbar or directly from supported Machining Strategy forms. Note: some strategies only support multiaxis Tool Axis alignments when operating with Ballnose or Spherical tools.                
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Lead/Lean - Example1
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Lead allows the tool to be aligned to a specified angle along the toolpath direction and Lean a specified angle across the toolpath direction. If both angles are zero the tool will be aligned along the normal of the toolpath. The normal of the toolpath is the direction along which it was originally, projected onto the surface data during creation. For Pattern finishing this will always be vertical and for Projection Finishing it will vary depending on the defined projection, directional options. 

· Delete all and Reset forms.

· Create a Block with the manually input values displayed in the form below.
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· Reset the Rapid Move Heights and Start and End Point forms.
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In the PowerMILL Explorer - Right Click the Models option and select Create Plane from Block at a Z limit of 0.
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· Create a Dia 5 Ballnose tool of Length 25 and Rename BN5.

· Create a Raster Finishing strategy, Rename - BN5-Vertical, and set Tolerance  0.02   Thickness 0   Stepover 5   Angle 0   Style - Two Way            both Short Links and Long Links - Skim.
· Calculate the Toolpath and then Cancel to close the form.

· Simulate the Toolpath.
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A Raster toolpath has been created with the tool aligned vertically to the plane.

· Right Click the Toolpath - Raster Vertical in the PowerMILL explorer and select Settings to open the original Raster finishing form.
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· Make a Copy            of the toolpath and rename BN5-Lead30.

· Select the Tool axis page and click on [image: image2.png]


 to open the Tool Axis Direction Form.

· Define the Tool Axis as Lead\Lean with the Lead angle set to -30.
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· Accept the Tool Axis Direction Form. 
· Calculate the Toolpath and then Cancel to close the form.

· Simulate the Toolpath.
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A Raster toolpath has been created with the Tool axis direction set to Lead at -30° along the Toolpath.

Using the Two Way option the Tool Axis direction will alternate on opposing passes.
· In the PowerMILL Explorer right mouse click on the Toolpath            BN5-Lead30 and select Settings to open the Raster finishing form.

· Select Re-cycle [image: image3.png]


 and change Style from Two Way to One Way.
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Calculate the toolpath and then Cancel to close the form.
With the Style set to One Way the tool axis direction remains constant.

· Right Click the Toolpath BN5-Lead30 in the PowerMILL Explorer and then select Settings to open the toolpath form.

· Make a Copy [image: image4.png]


 of the toolpath and rename as BN5-Lean45.
· Select the Tool axis icon [image: image5.png]


  to open the Tool Axis Direction Form.

· [image: image30.png]


[image: image31.png]


Define the Tool Axis as Lead\Lean with the Lead angle set to 0 and Lean angle of 45.
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· Accept the Tool Axis form.

· Calculate the Toolpath and then Cancel to close the form.

· Simulate the Toolpath.
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A Raster toolpath has been created with the Tool Axis Direction set to Lean 45° Across the Toolpath.

If a two way strategy had been directly applied in the form, the tool axis will lean in the opposite direction across alternate tooltracks. 
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It is possible to create a two way strategy with a constant lean direction by retrospectively, editing a one way toolpath.
The one way strategy is modified in the toolpath Edit - Reorder options by clicking on the Alternate Directions icon [image: image6.png]


. The original tool axis alignment will remain unaffected.
· Right mouse click on the toolpath and in the local menu select Edit - Reorder to open the Toolpath Listing form.
· Select the Alternate directions icon [image: image7.png]7|



 and note that the tool alignment remains unchanged (as explained in the PowerMILL Warning).
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· Select OK to close the PowerMILL Warning form.
· Save the Project As:-
             D:\users\training\COURSEWORK\PowerMILL_Projects\LeadLean-EX1

Lead/Lean - Example2

· Delete all and Reset forms.

· Open the Project saved earlier during Chapter 1 from:-         

          D:\users\training\COURSEWORK\PowerMILL-Projects\3+2example
[image: image40.png]



· Define a 15mm diameter Ball Nose cutter BN15.

· Create a Cylindrical Block using Type Model, calculated to the Coordinate System - Named Workplane - ztop175_A.

· Activate the Workplane - ztop175_A.

· In Rapid Move Heights select Workplane -  ztop175_A and then Calculate.
· In the Start and End Point form set Use - Absolute with the positional Coordinates X-100 Y0 Z10 for both the Start and End Points.

· In the Main Toolbar set the Tool Axis [image: image8.png]


 - Lead\Lean values both set to 0. This will create a tool alignment relative to the direction used to project the machining strategy onto the model.

· Set Leads\Links [image: image9.png]


 as follows:- 

                     Zheights:           ------ Skim 15     Plunge 5

                     Lead In\Out:    ------ Vertical Arc:      Angle 90     Radius 6

                     Links:                ------ Short\Long\Default:   Skim

· Select the Toolpath Strategies icon [image: image10.png]


 and in the Strategy Selector form select the Finishing option.
· Enter the values into the following 3 Plane Projection Finishing form, pages exactly as shown.
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· Set Azimuth 270
· Set Elevation 50
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· Pattern direction U
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· Calculate the Toolpath and then Cancel to close the form.
· Simulate the toolpath and observe the associated tool alignment.
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The resultant toolpath starts at the lower corner and progresses towards the centre with a Lead In and Lean Out both set to 0 creating tool alignment relative to the projection direction. Due to Lead and Lean being 0 a joined up strategy is a feasible option.

To compare the effect of applying a different machining strategy the same area of the component will be machined using Raster Finishing. This time the Tool Axis will be aligned with a Lean of 40 degrees relative to the downward projection of the Raster Finishing strategy.

· Create a material Block to the Max\Min Limits of the Model and edit the following values as shown:-  Xmin -70  Xmax -57.5  Ymin -50  Ymax 50
· Select the Toolpath Strategies icon [image: image11.png]


 and in the New strategies form select the Finishing option.
· Ensure that no Boundary is Active.

· Open the Raster Finishing and Tool Axis forms and enter data exactly as shown below.
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· Calculate the Toolpath and then Cancel to close the form.

The resultant toolpath starts at the lower corner and progresses towards the centre using a climb milling action (One Way). It would not be feasible to use Two Way strategy due to the applied Lean Angle (40) being controlled by the direction of the toolpath. 

· View along the Y-Axis and Simulate both toolpaths in turn to compare the results of the lead\lean option. Note; the tool alignment is the same for both toolpaths due to a suitable Lean value of 40 being applied to the Raster strategy.
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Lead\Lean is designed for unidirectional toolpaths the main application being to maintain a suitable angle of the Tool Axis away from steep features as well as the machine tool table. The lower part of the component form in the next example is an ideal application for applying a suitable Lean value using Lead\Lean - Tool Axis alignment.
Lead/Lean - Example 3
· Delete all and Reset forms.

· Import the model:-        

                 D:\users\training\PowerMILL_Data\five_axis\joint_5axismc\joint5axis.dgk
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· Create the material Block to component size and then expand it by 15mm in X and Y only.

· Define a 25mm diameter Ball Nosed cutter (bn25).

· Select Calculate in the Rapid Move Heights form.

· For the Start Point Use - Block Centre Safe and End Point set Use - Last Point Safe.

· Modify Leads\Links [image: image12.png]


 as follows:-

            Zheights:        Skim 45   Plunge 10            Links:       Skim
· Select the Toolpath Strategies icon [image: image13.png]


 and in the New strategies form select the Finishing option.

· Open the Line Projection Finishing and Tool Axis forms and enter data exactly as shown below.
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·  Set Azimuth 0

· Set Elevation 0
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Calculate the Toolpath and then Cancel to close the form.
[image: image61.png]



Note: The next section continues with the machining of the upper part of this component.

Toward \ From Point
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These options allow the Tool Axis alignment to be based on a user-defined point during the generation of toolpaths. The actual alignment is taken relative to the Preview pattern for the toolpath and not the actual toolpath. Toward Point is suitable for aligning to external forms (Upstands) while From Point is suitable for aligning to internal forms (Pockets). The upper part of the existing component is an ideal application for the Toward Point tool alignment.

Note:- The same alignment condition (above) applies to Toward  \ From Line (page 8)

· Set Leads\Links [image: image14.png]


 as follows:-

     Zheights:      ------ Skim 45                     Plunge 10

     Lead In;        ------ Horizontal Arc          Angle 90                Radius 6.0            

     Lead Out:     ------ Vertical Arc               Angle 90               Radius 6.0            

     Extensions;  ------ Inwards\Outwards   Extended Move    Distance 30

     Links;           ------ Skim
· Select the Toolpath Strategies icon [image: image15.png]


 and select the Finishing tab located in the strategies form.
· Open the Point Projection Finishing and Tool Axis forms and enter data exactly as shown below.
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· Set Elevation Angles:-       Start 90 - End 0
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· Calculate the Toolpath and then Cancel to close the form.
[image: image68.png]



Note the Tool Alignment point is approximately 10mm below the Projection Finishing focal point to ensure that the spindle axis remains at an elevation angle to the machine tool table during machining hence avoiding collision.

The resultant machining is illustrated after suitable gouge removal has been applied to the start and end of the toolpath.

Toward\From Line

These options allow tool axis alignment to be based on a user-defined line, specified by a Vector direction through a suitably positioned XYZ coordinate. In this example the actual alignment is towards the Preview pattern for the toolpath and not the final toolpath. Toward Line is suitable for aligning to external forms (Upstands) while From Line is suitable for aligning to internal forms (Pockets).

· From the main pulldown menus select File - Delete All.

· Import the model:-

            D:\users\training\PowerMILL_Data\five_axis\Casing\from-line-model.dgk
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· Create a Dia 12mm Ball Nose cutter of Length 55 with Dia 12 Shank of Length 40, 1st Holder component Lower Dia 25 - Upper Dia 40 - Length 40, 2nd Holder component Upper\Lower Dia 40 - Length 60, Overhang 90.

· Define the Block (use Box) to the component limits.

· Select Calculate in the Safe Heights form.

· For both the Start Point and End Point set Use - Block Centre Safe.

· Set all Leads and Extensions to None, Zheights:- Skim distance and Plunge distance - 5,   Links:- Short/Long Threshold - 6, Short - Circular Arc and Long\Default - Skim.
[image: image70.png]



· Select the Toolpath Strategies icon           and in the New strategies form select the Finishing option.

· Open the Line Projection Finishing and Tool Axis forms and enter data exactly as shown on the following pages.
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· Set Azimuth 0
· Set Elevation 90
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· Tick the Draw Tool Axis box to display the Tool Alignment, line relative to the model.
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Tool Alignment                            From (red) Line
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 Finishing Strategy

 From (black) Line Projection 

· Click the Preview tab to view the strategy before selecting Calculate to create the toolpath. 
· Close the Line projection Finishing form.
The end result is as shown in the following illustration.
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The whole of the internal form including undercut areas is accessible to this Tool Axis (From Line) alignment combined with the Line Projection - Finishing strategy.

· Save Project As:-
D:\users\training\COURSEWORK\PowerMILL_Projects\CameraCasing
Toward\From Curve

These options allow the tool axis alignment to be through a user-defined curve (pattern), during the creation of a 5-Axis toolpath. Note; The following chapter provides a more detailed look at Projection Surface Finishing, the strategy used during this example.

· From the main pulldown menus select File - Delete All.

· Import the model:- 
         D:\users\training\PowerMILL_Data\five_axis\Impeller\ impeller+Curve.dgk
· Create an empty Pattern and rename it as Align2Curve. 

· In the graphics area, select the alignment curve (imported as part of the model). 
· In the local Pattern (Align2Curve) menu, select Insert - Model to make a copy of the curve as a Pattern segment. 
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        Pattern 

(alignment curve)

· Create a Dia 3 Ball nosed cutter (BN3-LR) length 35 with the following Shank and Holder dimensions:-

                          Shank - Upper\Lower Dia 3 - Length 25

                          Holder 1 - Upper Dia 15- Lower Dia 10 - Length 50

                          Holder 2 - Upper\Lower Dia 15 - Length 35

                          Overhang 50

· Create a Block defined by Cylinder to the Model dimensions.

· Set Lead In\Out to Vertical Arc - Distance 0 - Angle 90 - Radius 3 and set all Links to Skim.

· In the Rapid Move Heights form select Calculate.

· In the Start and End Point form set both Start Point and End Point to Block Centre Safe.

· From the main pulldown menus, select View - Toolbar - Command. 

· In the command window (Below graphics area) type the following 3 lines:-
       EDIT SURFPROJ AUTORANGE OFF

      EDIT SURFPROJ RANGEMIN -1

      EDIT SURFPROJ RANGEMAX 1

This will make the projection effective only within 1mm of the selected surface.

Note: Surface Projection Range is covered in more detail in Chapter 4.
· Close the command window by clicking on the black cross at the top left corner.

· Select the underside, blade surface nearest to the Pattern for use with the Projection Surface strategy.
[image: image83.png]



· Select the Toolpath Strategies icon [image: image16.png]


 and in the Strategy Selector form select the Finishing tab.

· Select Projection Surface Finishing and fill in the pages of the form exactly as shown below.
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Stepover - 1
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· Click the Preview tab to view the strategy before selecting Calculate to create the toolpath. 
· Close the Surface Projection Finishing form.

The Tool Axis is always aligned through the specified Pattern (Curve) while performing the chosen machining strategy (Projection Surface).

· Right mouse click on the existing Surface Projection Finishing strategy and from the local menu select Settings to re-open the form.

· In the form select the Copy strategy option. [image: image17.png]



· Select the upper side, blade surface, nearest to the Pattern to be used to create another Projection Surface Finishing strategy.


· Open the Projection Surface Finishing and Tool Axis forms entering the data exactly as shown on the next page and select Apply.


Toolpath name -     BN3-UPR-Blade-FIN

Pattern direction - V
Start corner -      Min U max V
· Click the Preview tab to view the strategy before selecting Calculate to create the toolpath. 
· Close the Surface Projection Finishing form.

The Tool Axis is always aligned through the specified Pattern (Curve) while performing the chosen machining strategy (Projection Surface).

· From the main pulldown menus, select View - Toolbar - Command. 

· In the command window type the following line (to reinstate the default, infinite projection range):-

                              EDIT SURFPROJ AUTORANGE ON
Fixed Direction

This allows the Tool Axis to be set to a fixed angle, specified as a user defined, Vector. In this case it is applied to the finishing of an angled recess on the supplied model. 

Angle to Vector conversion table

Fixed Direction Tool Alignment – Vectors\Angular equivalents

The table represents angular directions and vectors on the XY plane (Z=0).

ANGLE                        VECTORS

(Degrees)                   (I         J         K)      

     0                            1     0.0000     0

     5                            1     0.0875     0

     10                          1     0.1760     0

     15                          1     0.2680     0

     20                          1     0.3640     0

     25                          1     0.4660     0

     30                          1     0.5770     0

     35                          1     0.7000     0

     40                          1     0.8390     0

     45                          1     1.0000     0

     50                          1     1.1920     0

     55                          1     1.4280     0

     60                          1     1.7320     0

     65                          1     2.1450     0

     70                          1     2.7470     0

     75                          1     3.7320     0

     80                          1     5.6710     0

     85                          1   11.4300     0

     90                          0     1.0000     0
 Tan (Angle) = (opposite)

                             1                  

The tool alignment is set to a Fixed Direction relative to the currently active workplane by inputting suitable values to define the IJK vector along the Tool Axis (towards the spindle). Although obtaining individual values for a vector may require the user to exercise their trigonometry skills, this method does provide full flexibility for defining compound angles.

· From the main pulldown menus select, File - Delete All and Tools - Reset Forms.

· Open the (Read only) Project:-
      D:\users\training\PowerMILL_Data\five_axis\AngledFrame\ToolAxisFixed1-Start


· Save Project As:-

      D:\users\training\COURSEWORK\PowerMILL_Projects\ToolAxisFixed-EX1
· Activate the Workplane - MC-Datum.
· Activate the BN6 tool.
· Select the undulating Surface forming the base of the angled recess.

· Select the Toolpath Strategies icon [image: image18.png]


 and in the Strategy Selector form select the Finishing tab.

· Select Surface Finishing and fill in the pages of the form exactly as shown below.


Surface Side - Outside
Stepover 0.5

Pattern direction V

Ordering Two way

· Set the Tool Axis to Fixed direction.
· Input the vector Direction values:- 

     I 0    J -1    K 0.577

· Tick the Draw tool axis box.

· Open the Leads and Links form and set the Links as shown below.

· Click the Preview tab to view the strategy before selecting Calculate to create the toolpath. 
· Close the Surface Projection Finishing form.


Draw Tool Axis 

Note: For viewing purposes, the toolpath shown in the illustration has been created using a 2mm Stepover.
· From the main pulldown menus select File - Save to update the stored Project:-
        D:\users\training\COURSEWORK\PowerMILL_Projects\ToolAxisFixed-EX1
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