4. Projection Surface Finishing 

                                         PowerMILL 2010 Five Axis
PowerMILL 2010 Five Axis                                          4. Projection Surface Finishing

4. Projection Surface Finishing

Introduction

The strategy is projected along the normals of a single, Reference Surface onto the main (multi surfaced) component with tool alignment as specified by the user. The toolpath runs either across or along the Reference Surface directions (U or V) with the Stepover being defined by unit Distance or Parametric division between Surface Curves. In some cases the Reference Surface may form part or all, of the component to be machined.

To create a Reference Surface the user will require the services of a suitable Surface Modeller, ideally PowerSHAPE. For the following example the Reference Surface has already been created and stored as a separate dgk file to be imported as required.

· [image: image1.png]


Import the two models joint5axis.dgk and joint_ template1.dgk from:- D:\users\training\PowerMILL_Data\five_axis\joint_5axismc
· Save Project As:-

      D:\users\training\COURSEWORK\PowerMILL_Projects\Ref-surfs-Ex1
· Create a Block using Box to the Model dimensions.

· Define a 16mm diameter Ball Nosed cutter (BN16).

· In the Rapid Move Heights form select Calculate.

· In the Start and End Point form use Block Centre Safe for both.

· In the Leads and Links form [image: image35.png]


 set Short\Long -Threshold to 4, Short Links to On Surface,   Long\Safe Links to Skim,   Zheights to a Skim distance of 30 and Plunge distance of 5.

· Select the Reference Surface - joint_ template1.dgk (shown shaded above).
· [image: image4.png]


Select the Toolpath Strategies icon         in the Main toolbar to open the Strategy Selector form.

· Select the Finishing tab followed by the Projection Surface Finishing option.

· Enter the values into the Surface Projection Finishing and Tool Axis forms exactly as shown below and Apply but do not close the form.
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Name - BN16-ref1-U
Direction - Inwards
Stepover - 1
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Pattern direction - U
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· In the main Surface Projection page, click the Preview tab to view the strategy before selecting Calculate to create the toolpath. 
· Do Not Close the Surface Projection Finishing form.
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With Pattern direction set to U the toolpath will appear along and aligned to the Reference Surface - Longitudinal direction (as shown left).

Note:- for visual reasons a larger Stepover has been used on the Toolpath shown in the  illustration

· [image: image11.png]


 Select the Copy icon           to re-activate the Settings. 
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· Rename as BN16-Ref1_V, set the Pattern Direction to V, untick Spiral, set the Ordering option to Two Way, and select Calculate.
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This time the toolpath will appear along and aligned to the Reference Surface - Lateral direction (as shown left).

To provide full flexibility for the shape of the Reference Surface it is possible to allow it to exist outside the component to be machined.

This is achieved by opening up the Component Thickness options from the strategy form, and assigning the Reference Surface to a row, with the Machining Mode set to Ignore (it is still used to control the Tool Axis alignment). 

· Delete the Reference Surface - joint_ template1.dgk.
· Right click on Models in the PowerMILL explorer and select Import Reference Surfaces.
· In the Reference Surface form select the Model:-
       D:\users\training\PowerMILL_Data\five_axis\joint_5axismc\joint_template4.dgk
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Note:  Most of the new Reference Surface exists outside the component to be machined. As a result of using the command Import Reference Surfaces the Machining Mode is inherently set to Ignore for the Reference Surface. 

Also the reference surface is inside out (dark brown in normal shading mode) requiring the Projection Surface Strategy to use Projection Direction - Outwards.

· [image: image15.png]


Select the Toolpath Strategies icon         in the Main toolbar to open the Strategy Selector form.

· Select the Finishing tab followed by the Projection Surface Finishing option.

· Enter the values into the Surface Projection Finishing and Tool Axis forms exactly as shown below.
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Name - BN16-Ref4-U
Direction - Inwards
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Pattern Direction - U
Tick Spiral
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· Select the Model Joint_template4 as the reference surface for the strategy.
· Calculate the Surface Projection Finishing form to produce the following toolpath.
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Note: The Reference Surface used to provide the Tool Alignment has been ignored to enable the toolpath projection onto the component.

· To update the stored Project select File - Save Project:-

D:\users\training\COURSEWORK\PowerMILL_Projects\Ref-surfs-Ex1
Surface Projection Range.

It may be required during some applications, to limit the projection range while applying the Surface Projection strategy. This situation occurs where the part of the model to be machined is shielded by other surfaces that are in the way of the defined projection options. This command is, at present, only available via typed input into the PowerMILL, Command Window. A more efficient way to control the Projection Range limits is to store the command lines for different distances in a series of macros, which in turn can be accessed via the user menu. 
· Select File - Delete all and Tools - Reset forms.

· Import the model:-D:\users\training\PowerMILL_data\five_axis\Blade_Sub_Assembly\Blade Inserts
[image: image23.png]



· Save Project As:-

      D:\users\training\COURSEWORK\PowerMILL_Projects\Ref-Surfs-Blades
· Create a Block using Box to the Model dimensions.

· Define a 6mm diameter Ball Nosed (BN6) cutter of Length 30.

· Create a Shank with Upper Dia 6    Lower Dia  6     Length 20.

· Create a Holder with Upper Dia 20    Lower Dia 16     Length 30
· Add a Holder component Upper Dia 30    Lower Dia 30    Length 20    Overhang 40
· In the Rapid Move Heights form Calculate the Safe Z and Start Z.

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

· Set Leads and Links as follows:-
       Lead in\out        Horizontal arc        Distance 0     Angle 90     Radius 3                                                                      

       Links                  Short\Long\Safe     Skim          
· Select the Blade Surface to be machined (shown shaded below).
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Select the Toolpath Strategies icon         in the Main toolbar to open the Strategy Selector form.

· Select the Finishing tab followed by the Projection Surface Finishing option.

· Enter the values into the Surface Projection Finishing and Tool Axis forms exactly as shown below.
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· Select Calculate in the Surface Projection Finishing form to produce the following toolpath, and then Close the form.
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With the Projection Range set to OFF (default), ie. No limit, the toolpath is projected inwards towards the surface to be machined from outside the model limits. As the strategy is projected it will appear on neighbouring surfaces instead of those intended to be machined and create the toolpath as shown.
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Projection Range (Unlimited)
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Tool tracks are created on first face of model in line with the projection direction.
This problem can be resolved by switching to the Projection Range ON option and assigning suitable + and –  distance values.

· From the View menu at the top of the screen Select the option Toolbar -Command Window.
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Select Settings from the toolpath in the explorer window and make a Copy of the original toolpath.
· Rename the toolpath:- 3mm_projection_range.
· Click the mouse into the Command Window at the bottom of the screen and enter the following commands.

EDIT SURFPROJ AUTORANGE OFF

EDIT SURFPROJ RANGEMIN –3

EDIT SURFPROJ RANGEMAX 3
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The above command input limits the Surface Projection Range to + \ - 3mm.

· Calculate the form to create the new toolpath.
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· Simulate the toolpath to observe the effect of the limited projection range.
· In the Command Window type the following to restore the default, infinite projection range:-
           EDIT SURFPROJ AUTORANGE ON

This command returns to default no limit to the Surface Projection distance range.

Note: A series of macros, ideally accessed via the user menu could easily be created so that the user does not have to keep on typing in the required Surface Projection Range data into the Command Window. 
· To update the stored Project select File - Save Project:-

 D:\users\training\COURSEWORK\PowerMILL_Projects\Ref-Surfs-Blades
Surface Finishing and Surface Projection - Spiral 
There are two recent additions to Surface Finishing and Surface Projection Finishing:-
1. The stepover is automatically, adjusted so that the final cut finishes exactly on the surface edge.

2. Both strategies now include an optional Spiral option.

If you select a Surface Units of Distance, then the first and last passes will match the edges of the surface. To achieve this, the intermediate passes will adjust to less than or equal to the specified stepover. In previous versions the first pass was on the surface edge and subsequent passes were separated by the exact, Stepover distance. This meant that the final pass would not match the surface edge. Now, the first and last passes match the surface edge, by automatic adjustment of the Stepover to suit.

There is a new Spiral option which wherever possible, will produce a spiral toolpath. This minimises the number of lifts or sudden changes of direction of the tool. It will also reduce the cutting time while maintaining more constant load conditions and deflections on the tool. This creates a multiple segment toolpath so that it is easier to trim. This is only available if you select the Surface Units as a Distance.
 Surface Finishing                             
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Surface Projection

Projection Surface - Spiral Example

· Delete All and Reset forms.

· From File - Open Project select the read-only Project :-      D:\users\training\PowerMILL_Data\five_axis\ProjSurf-Blade\SurfProjSpiral-Start


· Save Project As:-

      D:\users\training\COURSEWORK\PowerMILL_Projects\Ref-Surfs-Blades
Note: The Strategy in the above Project is unprocessed (indicated by the Calulator icon).

· In the PowerMILL explorer, right mouse click on Toolpaths to open the local menu and select Batch Process to create the toolpath.


The strategy automatically reinstates the original selected surface used on a previous occasion. The resultant Toolpath contains independent, stacked tool tracks and Surface Normal Arcs for Lead In/Out. In this ‘closed loop’ application it, would be both possible and more appropriate to use the Spiral option.
· Right mouse click on the Active toolpath to open the local menu and select Settings to open the original Surface Projection Finishing form.
· Select the ‘Create a new toolpath based on this one’ icon.[image: image3.png]




‘Spiral’ ticked

· Rename the Strategy as SurfaceProjectionSPIRAL, tick the Spiral box, and check that the reference surface is selected, before selecting Calculate.

This time the Projection Surface strategy consists of a single Spiral tooltrack, providing optimum efficiency and a smooth, consistant material removal.

· Close the form. 

· In File select Save Project to update the stored Project.
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