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7. Five Axis Swarf Machining

Introduction

The Swarf Finishing option creates a toolpath where (by default) the selected surfaces are machined with the side of the tool (Tool Alignment is automatic). A Swarf Finishing toolpath will only exist where the tool is able to remain in contact with the surfaces for the whole cutting depth. This means the surfaces to be machined must be Swarfable (Not Convex or Concave but Linear relative to an automatic tool alignment). It is possible for the user to apply a different tool alignment (such as Lead\Lean for deep sidewalls) but the selected surfaces must still be Swarfable for machining to occur. In cases where imported surfaces are intended to be Swarfable but are not of a suitable quality, the upper and lower edges can be created as separate (wireframe) Patterns to be used with Wireframe Swarf Finishing.

Swarf Finishing - example 1

· Select File - Delete All followed by Tools - Reset Forms.

· Import the model:-
       D:\users\training\PowerMILL_data\five_axis\swarf_mc\swarf_model.dgk             
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· Create a Block to the Max\Min Limits of the component Model.

· Create a Dia 12mm x 1tiprad cutter (D12t1).

· Calculate the Rapid Move Heights.

· In the Start\End Point form Use - Block Centre Safe. 

· Change the View to ISO 4 [image: image44.png]


 and select the local surfaces to be Swarf machined (as shown below shaded).
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· Select the Toolpath Strategies icon [image: image2.png]


 and from the Finishing form select the Swarf Finishing option.

· Enter the values into the exactly as shown below and Calculate (Note:-  The default Tool Alignment is Automatic for this strategy).
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· Open the Leads and links form via the icon [image: image3.png]


 and Apply the settings as illustrated in the following table:-

      Lead In/Out:   Vertical Arc - Distance 10 - Angle 90 - Radius 5.0
      Links:             Short\Long\Safe - Skim
· Deselect the local surfaces, Simulate the resultant toolpath and observe the changing angle of the tool as it Swarf machines the selected surfaces (Toolpath shown on previous page).

· Using the Right mouse key select the toolpath in the PowerMILL explorer to open the pull down menu the top half of which is shown below left.

· Use the Left mouse key to pick the option Select Surfaces, which will prompt the surfaces used during the toolpath creation to become selected again. 
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Select Settings to reopen the existing Swarf Finishing strategy and select the icon to make a copy. 

· Select the Multiple cuts page, setting the Mode to Merge.
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Select the Tool Axis page and select Tool Axis as Lead/Lean with Lead 0 and Lean 30.
[image: image16.png];@I m Toolpath name [ D10t1-FinPkts
W Multiple cuts

1 Tool
@ Limit Mode [Merge =
=€) Swarf finishir —
hs " Order by [Region H
Upper limit [Top =
Workplae
T Automatic verification
- Point distribution offset [0.0
12 Tool axis T Maximum number of cuts
=7 Rapid move heights =
11 Leads and links
g el (- Maximum stepdovn
point
73 Feeds and speeds B o

Notes





· Accept the Tool axis form and select Calculate at the bottom of the Swarf finishing page.
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The new strategy steps down the selected surfaces while merging the stepover between the Upper and Lower contours. As a result there is less fragmentation of the toolpath.
Also, a lean angle of 30 degrees has been applied relative to the automatic (Swarf) alignment (This makes it possible to machine deep sidewalls without having to use long reach tooling).

· Create a Dia 10mm End Mill (EM10).
Example
· Create a Copy of the original, single pass, Swarf Finishing strategy to create a machining path, this time using the Dia 10 End Mill and aligned to the underside of the undercut selected, recess surface on the outer sidewall.
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· Deselect the local surfaces, Simulate the resultant toolpath and observe the changing angle of the tool as it Swarf machines the selected surface.
· Select File - Save Project As:- 
           D:\users\training\COURSEWORK\PowerMILL-Projects\Swarf-Example
· Delete the Model and Delete all - toolpaths. 
Swarf Finishing - example 2

· Open the Project - created earlier and Saved in:- D:\users\training\COURSEWORK\PowerMILL-Projects\3+2example
· Activate the Dia 10 tiprad 1 tool D10T1.

· Activate the Workplane - ztop175_A.

· [image: image19.png]


Open the Block form and select the option Defined by - Cylinder followed by clicking the Calculate tab (A cylindrical Block based on the Model dimensions will be created). 
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· Open the Rapid Move Heights form and set Safe Area - Cylinder and enter all values into the form exactly as shown below, before selecting Calculate.
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· Select the Workplane ztop-175-A
· Set the Direction (vector) to I0 J0 K1.
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The use of Safe Area - Cylinder will produce smoother link moves that follow the defined cylindrical form instead of point to point, linear moves around the component.

· Select the swarfable, sidewall surfaces for all of the three Pockets.
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· Select the Toolpath Strategies icon [image: image4.png]


 and select the Finishing option located in the Strategy Selector form.

· Enter the values into the pages of the Swarf Finishing form exactly as shown (Note:- Tool Alignment is automatic for this option).
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Mode - Merge provides continuous tooltracks as variable offsets between the upper and lower edges of the swarfable surfaces.
Use:- Maximum Stepdown  1.0
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Note:- The default Tool Axis setting for Swarf Finishing is Automatic. This option provides the necessary Five Axis alignment.
· Select Calculate to create the Toolpath.
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Note the link moves follow a path around the Safe Area – Cylinder as defined in the Rapid Move Heights form. This will provide both a smoother tool movement and re-orientation between separate machining areas.

· Simulate the resultant toolpath and observe the changing angle of the tool as it Swarf machines the selected surfaces.
· Select File - Save Project to update the contents.
Radial and Axial Thickness

· Select File - Delete All and Tools - Reset Forms.

· Import the two models, locnpad.dgk and pocket.dgk from :-
         D:\users\training\PowerMILL_data\five_axis\locnpad_5axismc\             
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· Select and Delete the Surface covering the pocket.
[image: image30.png]



· Create a Box shaped Block to the Model dimensions.
· Create a Dia 10 End Mill with the default tool Length of 50.

· Calculate - Safe Z and Start Z.

· In the Start and End Point form Use - Block Centre Safe for both.
· Select the local Surface defining the wall of the pocket (shown below).
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· Select the Toolpath Strategies icon [image: image5.png]


and in the Strategy Selector select Finishing options, select - Swarf Finishing to open the following form:- 
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Toolpath Name:-

EM10-Swarf-Axial3
· Set Thickness settings as Radial 0 and Axial 3.
·   Apply the Swarf Finishing form.
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                  3mm Axial Stock
· Create another Swarf Finishing strategy named EM10-Swarf-Radial3 this time swapping the Thickness settings to Radial 3 and Axial 0.
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3mm

Radial Stock

· View along the Y Axis to Compare the results as shown in the above two illustrations.
· Select File - Save Project As:-
          D:\users\training\COURSEWORK\PowerMILL-Projects\Swarf-Radial-Axial
Wireframe Swarf Finishing

It is not uncommon for an imported model to be of a poor standard with such problem areas as small gaps, mismatching surfaces, and intended planer, surfaces that bulge slightly. One or more of these can create a range of problems in creating a high quality finish during the machining process. In some cases a poor quality model will cause a particular machining strategy to be unusable resulting in the user having to find an alternative method.

The model used in the following example contains a pocket in which part of the sidewall is unswarfable due to being slightly convex between the top and bottom edges. 

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

· Import the Model:- 
           D:\users\training\PowerMILL_Data\five_axis\Swarf_mc\Wfrm-Swarf.dgk
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· Select File - Save Project As:-
          D:\users\training\COURSEWORK\PowerMILL-Projects\Wframe-Swarf
· Activate the Workplane - Datum.

· Calculate a Block using Box to the Model dimensions.

· Create a Dia 5mm End Mill cutter (EM5) using the following dimensions for the Tool, Shank and Holder:-

   Tool            Dia 5   Length 35

   Shank         Lower Dia 5       Upper Dia 5      Length 15

   Holder-1     Lower Dia 15     Upper Dia 25    Length 15

   Holder-2     Lower Dia 25     Upper Dia 25    Length 15 

   Overhang 50

· Calculate the Rapid Move Heights.

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

· Select the sidewall surfaces on each of the 3 pockets in the component.
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· Select the Toolpath Strategies icon        and from the Finishing form select the Swarf Finishing option.

· Enter the values into the exactly as shown into the pages of the form below (Note:- The default Tool Axis alignment is Automatic for this strategy).
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Toolpath name:-
EM5-SwarfPkts
[image: image41.png]



Mode:- Merge

Max Stepdown:- 3.0
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The Swarf finishing strategy has failed to completely machine all of the selected surfaces due to part of the sidewall being unswarfable. This could be resolved by fixing the affected surface using a surface modeller, ideally PowerSHAPE. Another alternative is to use Wireframe Swarf Finishing creates a strategy between a pair of wireframe curves defining the upper and lower edges of the surfaces to be machined.




On closer inspection it is evident that some of the wireframes linking across the sidewall surface are convex and as a result make this area unswarfable. 

· Select the Surface defining the angled sidewall of the left hand pocket (shown above).

· Create a Pattern named Top and right mouse click over it in the explorer selecting Insert - Model from the local menu.

· Select the lower segment.

· Right mouse click on Pattern Top and from the local menu select Edit - Copy Pattern (selected only).
· Rename the new, copied Pattern as Bottom.
· Select and Delete the lower segment from the Pattern named Top.
For Wireframe Swarf Finishing to work the two Patterns must travel in the same direction.

It is not necessary to align the start points on the upper and lower Patterns as it is the first point on the lower Pattern controls the start position of the resultant toolpath.

· To identify whether the two Patterns are suitable for use right click over each one in turn and select Instrument to display the start point and direction.


As can be clearly seen the two segments both already have a suitably positioned start point but travel in opposite directions creating the need for one to be reversed.

In this case to create a Climb milling strategy the lower segment must be reversed.

· Select the lower segment and Right Mouse click over the pattern to open the local menu and select Edit - Reverse Selected.
· Select the Toolpath Strategies icon [image: image6.png]


 and from the Strategy Selector - Finishing form select the Wireframe Swarf Finishing option.

· Enter the values into the exactly as shown below (Note:-  The default Tool Alignment is Automatic for this strategy).


Toolpath name:-

EM5-WfrmSwarfPkts
Untick Gouge check
Note:- An alternative to switching Gouge Check off would be to Apply - Component Thickness with the angled sidewall surface set to Machining Mode - Ignore.


Mode:- Merge

Max Stepdown:- 3.0


The new Wireframe Swarfing strategy has successfully been applied between the 2 Patterns and has been set to Ignore the original surface. This will register as a gouge free strategy.

 It would have been possible to run the strategy with Gouge Check unticked, which would allow the same toolpath to be created without setting the selected surface (Thickness) to be Ignored. However the resultant toolpath would then be permanently registered with a Gouge warning.

· Select File - Save Project to update the Project.
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