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FeatureCAM overview

FeatureCAM is a CAD/CAM software suite that automates machining
and minimizes programming times for parts on mills, lathes, and
wire EDM. Unlike operations-based CAM systems, FeatureCAM
generates toolpaths based on the features of the part, and
automatically selects appropriate tools, determines roughing and
finishing passes, and calculates feeds and speeds. The selections
made can be based on the built-in machining knowledge that
Delcam supplies 'out-of-the-box' with FeatureCAM, or from
experience captured from your company, project or individual users'
preferences.

FeatureCAM includes five stand-alone modules:

= 2.5D Milling - 2.5D design and toolpath generation for 2- and 3-
axis mills.

= 3D Milling - 3D surface modeling and 3-axis toolpath generation.

= 3D Lite - a limited version of 3D milling.

& 3D Lite lets you mill only one surface per feature, but you
can create multiple features. The strategies available in 3D
Lite are Z-level rough, Parallel rough, Parallel finish, Isoline,
and 2D spiral.

= Turning - 2-axis design and toolpath generation for 2-axis lathes.
= Turn/Mill - Supports lathes with C and Y-axis milling capabilities.
= Wire EDM - 2- and 4-axis wire EDM toolpath creation.

The following add-on modules are also available:

= RECOGNITION - 3D surface and solid import and the recognition
of 2.5D features from solid models. Accelerates making 2.5D and
turned parts from solid models.

= Tombstone - Multiple part manufacturing for horizontal or vertical
milling machines with indexers.
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= Solid Modeling - Solid modeling and tools for creating molds from
solid models.

= 5-Axis Positioning - Manufacture 2.5D features from 5-axis
orientations.

= Native Import Modules - Native data can be read directly from
SolidWorks, SolidWorks Assemblies, Autodesk Inventor,
SolidEdge, Catia, NX, Pro-Engineer, and Step files.

= Machine Simulation - Modeling and simulation of a CNC machine.

= Advanced Turn/Mill (MTT) - Includes support for Turn/Mill in
addition to support for B-axis (5-axis positioning) and multiple
turret synchronization.

= Network Database and Licensing - Flexible product licensing allows
sharing FeatureCAM licenses across a network.

= 5-Axis Simultaneous - Manufacture 3D features while changing
the tool axis.

Why creating toolpaths is so fast

FeatureCAM has the unique ability to generate toolpaths and create
NC code to run the machines with a minimum amount of user input.

Traditional CAM systems are operations-based and require you to
program every operation, one at a time, to create your part.
FeatureCAM is feature-based; this means the part is created using
features that describe that part, from simple holes, to complex
pockets, to turned grooves. Machinable features contain information
and rules describing how and where material removal should occur,
cutting depths, whether to use climb cutting, whether to spot drill or
center drill, and preferred machining strategies for roughing and
finishing. This means that after you import or draw the part and
identify its features, FeatureCAM automatically:

= Selects the most appropriate tools and operations;
= Recommends machining strategies;
= Calculates speeds and feeds;

= Generates toolpaths and creates the NC code.

“{)  You can customize this built-in ‘intelligence’ to your own style
of cutting.

4 « FeatureCAM overview FeatureCAM 2012



FeatureMILL3D 5-Axis Introduction

5-AxIs Introduction

Introduction

This module will provide the user with an introduction to the 5-axis tool orientations
available in FeatureCAM. In 5-axis positioning machining, the user can position the tool
along a fixed alternative axis giving a number of benefits. With 5-Axis simultaneous
machining, the orientation of the tool axis can be continuously varied which allows much
greater flexibility. By changing the tool axis we can avoid collisions with the part allowing
the use of shorter, more rigid tooling giving a better surface finish.

The use of 5-Axis machining gives a number of benefits:

A part can be cut in a single setup including undercuts which would normally require the part
to be dismounted from the machine and set up in a different orientation. This reduces the
setup time and errors that can be introduced by having to do multiple setups.

By allowing the tool to be tilted relative to the surfaces being machined, the contact point of
the tool on the surface can be changed giving better cutting conditions.

Using shorter tools increases the rigidity of the tool, reducing deflection and chatter giving
improved surface finish and accuracy.

Issue FeatureMILL5AS 2012 1



FeatureMILL3D 5-Axis Introduction

Turning on 5-Axis

By default in FeatureCAM, the tool is oriented along the setup Z axis. In order to use 5-Axis
simultaneous machining, we first need to enable 5-Axis simultaneous in the Evaluation
options. Once this is enabled, we also need to change the stock properties to allow 5-axis
indexing.

e Open FeatureCAM but DO NOT open an FM document

On the main toolbar you should only have two options, File and Help.

F' FeatureCAM

File Help

U3 H|pe

e Click on File and then select Evaluation Options

Help
2 New...
@Qpen...

Part Wizard...

Evaluation Options...

e Check 5 Axis Simultaneous

&3

P
Evaluation Options [

‘You have selected the following FeatureCabd v15 product

Product companent Status License status
2.5D Milling Activate
280 and 0 Milng  [Actvate  Licensed
Turning Activate

Tumdill Activate Licensed

FeatureRECOGMITION Activate

Tombstone Activate Licenzed

5 Axis Positioning Activate

Calia Import Activate  Licensed

Solid Modsling Activate  Licensed

wire EOM [7] Activate  Licensed

Step Import Activate Licensed

Catia %5 Import Activate Licensed

PraE Impart Activate Licensed

UniGraphics Activate Licensed

Machine Simulation Activate  Licensed
Advanced Tum/Mil Activate  Licensed
Metwork Database Activate  Licensed

5 duis Simultaneous Activate ‘_

Yaou have selected product companents that have nat been
licensed fram your PAF dongle or FLEX server. FeatursCAM will
i in gvalustion made. You wil be unable to post or save files.
Click on ‘Apply' to attempt to obtain a valid license.

FeatureCAM will give a warning that the product component has not been licensed. This
just means that it has not yet checked the license file and dongle to see if you have the
rights to use 5 Axis Simultaneous positioning.

e Click Apply

2 Issue FeatureMILL5AS 2012



FeatureMILL3D 5-Axis Introduction

If you have the correct options in your license file, you will then see the word Licensed next
to the 5 Axis Simultaneous option. If you do not see this, then your license file is not set up
to license this option on the dongle you are using. In this case, you can either continue to use
FeatureCAM in Evaluation mode which does not allow you to save, or you can contact your
dealer to arrange a license.

e Click OK to close the Evaluation Options form

FeatureCAM now has the 5-Axis Simultaneous option enabled. In order to create a 5-Axis
program, we also need to set up 5-Axis indexing in the stock properties.

Create a new Inch Milling document
On the Dimensions form click Finish
Select the Indexing tab

Check 5™ Axis Positioning

Stock Properties - stockl LI

# s indeang

Mo Mutti-axis Postioning

4h Axis Positioning

@) 5th Awis Posttioning ‘_

Fixture: Location... |

Operation Ordering
Tool Dominant

@ Setup Dominant

| Generate Single Program

QK Cance Apph, Help

e Click Apply and then OK

The new document is now ready for programming of a 5-Axis part. There are a number of
other things that need to be set up in order to position the part relative to the axes of rotation
of the machine so that the program will produce the part correctly. This is rather more
involved that the setup for a 3-Axis part, and differs depending upon the machine
configuration and includes some variables which are machine specific. We will look into the
machine specific setup variables later in this module.

Now that we have FeatureCAM set up to use 5-Axis positioning we will briefly look at the
options that are available before we continue to look at each in detail.

e Import the part Phone.igs
e Resize the stock to the part
e Create a Parallel toolpath using the default values

Issue FeatureMILL5AS 2012 3



FeatureMILL3D 5-Axis Introduction

e Click Finish
e Click on the Parallel operation
Surface Milling Properties - srf_mill2 |£|1
M| =i mil2 | Strategy I Edges | Stock I Slopes | 5-fuds |Surface controll
=g paralel @ Vertical (2) ) Fixed
= finish1
Multi-fods
Lead Angle
1 Use Lead and Lean Lean Angle
) Other
2]
[ Retract to cylinder
Titt Axis for Gouge Avoidance (creates multi-axis toalpath)
lNotihing vJ
L
Click on an operation -
to set its attributes and l Tool Ads Limits J Reset Al
feeds/speeds
Cance Apply I Preview ‘ I Help I

y

There is now an extra tab in the feature properties called 5-Axis; this allows us to select
which tool axis orientation we want to use. Each of the options will be examined in detail in
separate modules later on, for now a brief description follows:

Vertical
The vertical tool axis option will align the axis of the tool with the Z axis of the active setup
and so is identical to normal 3-axis machining.

Fixed
This option allows the user to define the tool axis direction as a vector.

Lead and Lean

The tool can be tilted at a specified angle relative to the direction of tool travel. The Lead
angle tilts the tool forwards or back along the travel direction, Lean tilts the tool to the left or
right of the travel direction.

Other
This activates a pulldown menu giving access to further tool axis options:

From Point
With this option, the centerline of the tool will pass through a user defined point with the tool
axis directed from the specified point towards the surfaces to be machined.

To Point
With this option, the centerline of the tool will be directed towards a user defined point with
the tool axis passing through the surfaces to be machined.

From Line
With this option, the centerline of the tool will pass through a user defined line with the tool
axis directed from the specified line towards the surfaces to be machined.
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FeatureMILL3D 5-Axis Introduction

To Line
With this option, the centerline of the tool will pass through a user defined line with the tool
axis directed towards the specified line through the surfaces to be machined.

From Curve
The tool axis passes through a user defined curve towards the surfaces to be machined; this
allows complex 3D control of the tool axis.

To Curve
With this option, the centerline of the tool will pass through the surfaces to be machined and
towards a user defined curve.

Not all machining strategies support all 5-Axis Simultaneous tool axis options. For instance,
no roughing strategies are 5-Axis at present. The matrix below shows which tool axis options
are available for each machining strategy.

Fixed | Automatic

Parallel
I Level

Flowline

Between 2 Curves

Horizontal 8 Vertical [TV NN NN VTN [T
Corner Finishing N N N N N N N N N N N
Pencil N N N N N N N N N N N
Swarf N N N N N N

5-axis Trim N N

I Level Rough N N N N N N N N N N N
Plunge N N N N N N N N N N N
Parallel N N N N N N N N N N N
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Fixed Axis Tool Alignment

Introduction

Fixed Axis tool alignment allows the tool to be aligned to a specified vector. This gives a 3+2
machining toolpath without the necessity of creating multiple setups. The vector is the
direction from the tool tip back up the spindle of the machine. The vector is expressed as a
value in X, Y, and Z separated by commas. For example, the vector (0,0,1) shown below
indicates that the tool is pointing vertically down in the Z direction and is equivalent to a
normal 3-Axis orientation.

Surface Milling Properties - fixed | = |
M fied | Strateqy | Edges I Stock | 5-fads |5urfan:e u:untrol| /
= level _ _ .
E;::} : em.a ) () Vertical (£) i@ Fixed (0.0.1)
= finish1
Multi-fods
Lead Angle
7 Use Lead and Lean Lean Angle

To point the tool downwards at 45 degrees in the XZ plane as shown below the vector would
be (1,0,1).

We will now look at an example where a short tool will be used to finish machine a round
part. In order to avoid collisions with the model, the tool will need to be tilted over away
from the part.

e Open the file Fixed.fm
e Select the tool crib Fixed.fm_tools_from_last_save
e Run a 3D simulation

The roughing operation works OK, but on the finishing operation the tool is too short so that
the holder collides with the part.

Issue FeatureMILL5AS 2012 1



FeatureMILL3D Fixed Axis Tool Alignment

e Eject the simulation and select a Top View
e Select a shaded view

We want the finishing tool to approach the part from the lower left quadrant (-X, -Y) and
from above (+Z) as indicated by the arrows in the images below.

To make the tool come in at 45 degrees in the XY plane and from a steeper angle from above
we shall now set a fixed tool axis vector of (-1,-1,2).

e Edit the properties of the fixed feature
e Click on the Z Level operation and select the 5-Axis tab
e Check Fixed and enter the vector (-1,-1,2) as shown

' - N | m |'1
Surface Milling Properties - fixed D )
® fixed | Stlategyl Edges IStock | B-fuds |SurFace corltro|| /
E-gh zlevel ] i
) zlevel © Vertical @) @Fxed (112
= finish1
Multi-Auis
Lead Angle

71 Use Lead and Le

() Use Lead and Lean Lean Andle

) Other

From poirt
+:
2

[ Retract to cylinder

Tilt Axis for Gouge Avoidance (creates multi-zxis toolpath)

Mo titing

+:
| E— 2

Click on an operation
to set its attributes and [ Tool Ads Limits ]
feeds/speeds

[0k ] [ Cnea ) [y ] [ e

e Click Apply and then OK
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FeatureMILL3D Fixed Axis Tool Alignment

e Run a 3D Simulation

The tool is now tilted away from the part so that the surfaces can be machined without the
holder colliding with the model.

e As an exercise, now machine the remaining two recesses on the part using
a similar strategy

Hint: Looking from above, the fixed axis vectors required are (-0.25,1,2) for
the upper left recess and (1,-0.25 2) for the lower right.

Issue FeatureMILL5AS 2012 3
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Lead and Lean Tool Alignment

Introduction

The Lead and Lean tool axis option enables the user to tilt the tool over at an angle relative
to its direction of travel along the tool path. The Lead and Lean angles can be set separately
to achieve the desired tool orientation.

The Lead angle tilts the tool either forward or backward along the direction that it is
travelling. A positive lead angle tilts the tool forward, and a negative angle will tilt it
backward.

>

>

Positive Lead Angle Negative Lead Angle
The Lean angle tilts the tool either left or right across the direction that it is travelling. A

positive lean angle tilts the tool towards the left, and a negative angle will tilt it to the right.
In the images below, the tool is travelling away from the viewer.

>

g
)

Positive Lean Angle Negative Lean Angle
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FeatureMILL3D Lead and Lean Tool Alignment

For the majority of toolpaths, the Lead and Lean angles are calculated relative to the plane
between setup Z axis and the tool travel direction. The exceptions are Isoline and Flowline
toolpaths. These will be discussed later in this module.

Open the file Lead_Lean.fm

Select the tool crib Lead Lean.fm_tools from_last _save
Check the feature contact

Run a centerline simulation

The tool is oriented along the Z axis by default. If this was a finishing operation removing a
small amount of stock then the surface cutting speed at the point of contact would be very

low as it is near to the centre of rotation of the tool. By tipping the tool over we can change
the contact point of the tool on the surface so that the cutting conditions are more favorable.

e Open the feature properties, click on Parallel and select the 5-Axis tab

Surface Milling Properties - contact | X |
M contact | Strategy I Edges I Stock | Slopes | 5-fuis |S|.|rface cortrol |
= D) peralel ) Vettical () ) Fixed
= finish1
Mutti-Pecis
lead Angle 20 <

@ Use Lead and Lean

/' F Oth_er

Lean Angle 0

iy
[ Retract to cylinder

Tilt Aeds for Gouge Avoidance (creates multi-ads toolpath)

INotiIting v‘
L =
Click on an operation I
toset s attributes and | [ Tool Axis Limits ‘ Reset Al
feeds/speeds
[ ok || Caneel || Moty || Preview Help

e Check Use Lead and Lean and enter a Lead angle of 20 degrees

Note: A lead and lean angle of zero means that the tool will be aligned with the setup Z axis
and is therefore the same as using a normal 3-axis orientation.

e Run acenterline simulation

You will see that the tool is now tilting forwards at an angle of 20 degrees to the vertical as it
moves across the part.

Open the feature properties, click on Parallel and select the 5-Axis tab
Enter a Lead and Lean angle of 20 degrees
Run a centerline simulation
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FeatureMILL3D Lead and Lean Tool Alignment

You will notice that the resulting toolpath looks different to a normal parallel toolpath. It
looks as though the passes are closer on every second pass. This is because the centerline
toolpath is showing the position of the centre of the tool rather than the point of contact on
the surface. The tool tilts over in opposite directions on each pass so the position of the centre
of the tool shifts on each pass.

Note how the tool flips its
direction at the end of each
pass. This will cause
excessive movement on the
machine. When using lead and
lean it is best to use
unidirectional cutting.

Open the feature and click on the finish1 operation
Select the Milling tab

Click on Direction and then check Unidirectional
Run a centerline simulation

The tool now stays in the same
orientation from pass to pass.
The toolpath is now “cutting air”
more than before but the more
consistent motion of the tool axis
will mean that it can be run at a
higher feedrate.

=
e Open the feature properties, click on Parallel and select the 5-Axis tab

e Experiment with changing the lead and lean angles to different positive and
negative values to see the effect

Issue FeatureMILL5AS 2012 3



FeatureMILL3D Lead and Lean Tool Alignment

We will now look at another use of Lead/Lean. We will machine the same part but using a
large bull nose end mill. Using this cutter, we can make a large stepover but still get an
acceptable scallop height, however, we do not want to cut on the back edge of the cutter on
the “downhill” parts of the toolpath. We can do this by tilting the tool forwards so that we
always cut on its front edge.

e Uncheck the operation contact and check front edge
e Run a 3D simulation

As the tool passes across the highest point on the part it has to switch from cutting on its front
edge to the back. This may lead to a difference in surface finish and possibly a witness mark
at the changeover point. If there were any recesses on the part they would not be machined as
the flat of the tool could not fit in. We will now tilt the tool over at an angle so that it always
cuts on the leading edge.

Open the feature and click on the Parallel operation

Open the 5-axis tab

Check Use Lead and Lean and enter a Lead angle of 15 degrees
Run a 3D simulation
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FeatureMILL3D Lead and Lean Tool Alignment

- ’
.

You will see that the cutter is always cutting on its front edge now. Note that the surface
finish is good even though the stepover is large. Tilting the cutter means that the profile
which contacts the part has an elliptical section, this gives it a much larger effective diameter,
so that a small bullnosed cutter or endmill can be equivalent to a very large ball nosed tool.
This is a useful trick which is used to get a good surface finish on surfaces which have a very
shallow curvature.

For most toolpaths, the lead and lean angle are relative to the setup Z axis and the direction of
travel. For isoline toolpaths, the angles are relative to the surface normal.

e Uncheck the operation front edge and check isolead
e Single step a centerline simulation and note how the tool remains
normal to the surface that is being machined

Note: In the case of flowline machining, the lead and lean angles are measured relative to the
normal of the reference surface.

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.

Issue FeatureMILL5AS 2012 5
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From Point Tool Alignment

Introduction

In From Point alignment, the tool axis is constrained to always pass through a single point.
The tool axis then effectively radiates out from that point towards the surfaces being
machined. This is most useful when machining inside of an approximately hemispherical
cavity or along a curved inside corner on a part.

In this example, we will machine across multiple surfaces using a Flowline strategy. The part
is the bottom of a blow mold for a soda bottle. We shall be using the From Point axis
alignment to prevent the tool holder from colliding with the part.

e Open the file From_Point.fm
e Select the tool crib From_Point.fm_tools_from_last_save
e Run a 3D simulation

You will see that the holder collides with the part during the finish operation. This can be
fixed by making the tool axis radiate from a point above the center of the part thus tilting the
holder away from the stock.

Eject the simulation

Open the properties of the flowline operation

Select the 5-axis tab

Check Other and then select From Point from the pull-down menu

Issue FeatureMILL5AS 2012 1
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From Point Tool Alignment

e Use the Pick Location button or the pull down menu to select the point
“from_point” which is positioned 2” above the center of the part

Surface Milling Properties - flowline

2 ]

M Aowline | Strategy | Edges | Stock | 5#ds | Surface control
B@ ﬂmme_} () Verical (Z) ) Fxed  |(D.0.7)
------ = finish1
Multi-eds
Lead Angle
() Use Lead and Lean Lean Angle
’ @ Other
’From poirt v]
|
[ Retract to cylinder
Tilt Axis for Gouge Aveidance (creates mutti-axis toolpath)
’No tilting v]
from_point - ll
“Click on an operation
to set its attributes and ’ Tool fods Limits ]
feeds/speeds
[ ok ][ Cancel |[ feply || Preview
e Click Apply

e Run a 3D simulation

You will see that the tool axis now passes through the specified point which tilts the tool
away from the stock preventing gouging. In this case, the point is close to the part which
means that the spindle will be leaning over by a large angle at the start of the toolpath.

We will now create another point which is higher above the part to reduce the angle that the
part tilts whilst still ensuring that the tool and holder do not collide with the part.

Eject the simulation
From the main toolbar select Construct and then Point
At the bottom of the screen enter the coordinates: 0,0,3
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Click Create

Open the properties of the flowline operation

Select the 5-axis tab

Check Other and then select From Point from the pull-down menu

Use the Pick Location button to select the new point which is located 3”
above the center of the part

Click Apply

e Run a 3D simulation

The tool axis is now passing through a point which is further away from the part. This means
that the angle through which it moves from the top to the bottom of the part is reduced. In
turn, this will reduce the angle through which the machine must move. You should remember
that in 5-Axis simultaneous machining a small linear movement on the part may translate into
a very large movement of the machine axes, whatever you can do to reduce these movements
will allow you to run the toolpath faster.

e Close the part

Issue FeatureMILL5AS 2012 3
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To Point Tool Alignment

Introduction

In To Point alignment the tool axis is focused towards a single point through the surfaces
being machined. In this example we will machine the upper part of a model using a To Point
alignment.

e Open the part To_Point.fm
e Run a centerline simulation

Side

\

You will see that the point of contact of the tool is changing. At the lower edge of the part,
the tool is touching on its side. When it reaches the top of the part, it is touching on its tip.
This means that the surface cutting speed and tool loading are varying by a large amount over
the part. The variation in cutting conditions will give a different surface finish as the tool
moves from the bottom of the part to the top. By changing the tool axis direction, we can give
a more constant cutting condition resulting in a more consistent surface finish.

e Open the properties of srf_mill3
e Click on the spiral operation and then the 5-axis tab

Issue FeatureMILL5AS 2012 1
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To Point Tool Alignment

e Check Other and then select To Point from the pull-down menu
e Use the Pick Location button or the pull down menu to select the point
“to_point” which is positioned 2” below the top of the part

-

Surface Milling Properties - srf_mill3

2 ]

M sf_mil3 | Strategy I Edges I Stock | Slopes | S-uds |S|.|rface corrtroll
E'@ spral3d ) Vettical (2) © Foed | 10.0.1
3 finigh
Multi-fods
) Lead Angle
(") Use Lead and Lean Lean Angle
st © Cther
[To pairit v]
|
[ Retract to cylinder
Titt Aods for Gouge Avoidance (creates mutti-zds toolpath)
Mo titting
to_point El
Click on an operation
to set its attributes and ’ Tool Auds Limits ]
feeds/speads
Cancel Apply [ Preview ] ’ Help ]
e Click Apply

e Run a 3D simulation

Note how the tool axis always points towards the point during the cutting operation.
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e As an exercise machine the undercut surface indicated below. Use the
same tool as the upper surface. You will need to use an Isoline toolpath
and create a “to point” at (0.2,0.-0.5)

By selecting an appropriate “To Point” we are able to machine the undercut and also ensure
that the tool axis does not dip so low that the machine head would collide with the table. If

the point is too low, we cannot reach the entire undercut. If it is too high, then the head will
tilt over too far. Try experimenting with the point Z position to see the effect.

Hint: If you like a little help with this exercise take a look at the part To_Point_Fin.fm.
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From Line Tool Alignment

Introduction

With a From Line alignment the axis of the tool passes through a selected line. The line may
be created using the geometry constructors within FeatureCAM or may be imported from an

external CAD system such as PowerSHAPE.

The line used to control the tool axis can be horizontal, vertical or at any angle in between.

The technique is useful when machining open ended cavities with undercuts as in the

following example.

e Open the part From_Line.fm
e Shade the model
e Take a Left View

¥ X

Undercut Area

«— TT—

The part is to be finish machined using an Isoline strategy. There are two undercut areas on
the part which a ball nosed tool will not be able to reach when aligned vertically. This will
have two effects; the tool will leave material in the undercut areas and the point of contact

will drop abruptly as the tool passes over the edge of the undercut.

e Select an Isometric view
e Uncheck the Roughing operation
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e Run a Centerline simulation

As the tool cannot “see” the
point of contact on the upper
edge of the lower surface
consistently there will be
many “lift-offs”.

e Run a 3D simulation

It can be seen that the undercuts in the area indicated below have not been finished and there
are some very heavy cuts as the tool drops over the edge of the upper surface.

e Open the properties of isoline
e Click on the isoline operation and then the 5-axis tab
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e Check Other and then select From Line from the pull-down menu
e Use the Pick Location button or the pull down menu to select the line

HI n_l”

Surface Milling Properties - isoline

M isoline |St|a1egy | Edges IStock | 5-fuds |S|.|rface coritrol
=gD isoline. ) Vertical (2) D Fxed |0
= finish1
Multi-Peds
Lead Angle
) Use Lead and Lean Lean Angle
i@ Cther
' ’From lire: v]
il
[ Retract to cylinder
Tilt Axis for Gouge Avoidance (creates multi-sxis toolpath)
’Notilting v]
) I L -
Click on an operation
to set its attrbutes and ’ Tool fods Limits ]
feeds/speeds
o) ([oowa ) (o] [ Pever
e Click Apply

e Run a 3D simulation

The tool now tilts over so that its axis
passes through the selected line. This

allows it to reach the undercut areas of the

lower surface and maintain a constant
stepover. This reduces the tool loading,
gives an improved surface finish, and also
means that the tool is lifting off less
frequently.
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e As an exercise, create a new line which is 0.5” lower than the existing one.
Use this to control the tool axis and see the difference in the orientation of
the tool to the part
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To Line Tool Alignment

Introduction

With a To Line alignment, the axis of the tool points towards the selected line. The line may
be horizontal, vertical, or inclined at an angle. In the first example, we will use a To Line
alignment to prevent the holder colliding with the part.

e Openthe part To_Line.fm

The part is to be roughed out with a Z level rough strategy and the flat areas finished with a
2.5D Face feature. The curved surface will then be finished with an isoline strategy using a
short ball nosed cutter. As the roughing stepdown is large and the finishing cutter is short,
there may be a problem with the shank or holder of the finishing cutter colliding with the
remaining material from the roughing operation.

e Select the tool crib To_Line_Tools_from_last_save
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e Run a 3D simulation

Note that the tool holder is colliding with the remaining stock from the roughing operation.
We need to tilt the tool away from the part to prevent this happening. We will now change
the tool alignment to be towards a line to prevent the collisions. Initially we shall use a

horizontal line for the focus of the tool axis.

e Open the properties of isoline
e Click on the isoline operation and then the 5-axis tab
e Check Other and then select To Line from the pull-down menu

Surface Milling Properties - to_line

)

M to_line
Bg@ isoline

23 finish

| Strategy | Edges I Stock | B-fuds |Surface controll

Owmm  onm

to set its attributes and
feeds/speeds

“Click on an operation

Multi-fods
oioge 0
1 Usze Lead and Lean
- e [
@ Cther
A’ [To line v]
A
|| Retract to cylinder
Titt Auwis for Gouge Avoidance (creates mutti-ads toolpath)
[ Mo titting - ]
- +*
T

[ ok ][ camcel |[ sy || Prevew

e Use the pull down menu to select the line Flatline
e Click Apply and then OK
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e Run a 3D simulation

You will now see that the tool inclines so that its axis passes through the horizontal line. This
is tilting the holder clear of the steps left by the roughing operation. Unfortunately, the angle
of tilt is too steep and the holder is now hitting the lower flat area of the model instead. As
the line drops in Z the angle of the tool tilting becomes shallower. By positioning the line
lower, we can avoid this problem. A better solution however, is to use a sloping line so that
we can give a more constant angle of contact between the tool and the part.

e Open the properties of isoline
e Click on the isoline operation and then the 5-axis tab

Surface Milling Properties - to_line

= ]

M to_line |Stmtegy| Edges | Stock | 5-fuds |S|.|rface control
=] isoli i _ p—
D e ©) Vertical (2) © Fied | (0.0.1)
= finish1
Multi-fis
Lead Angle
() Use Lead and Lean Lean Angle
@ Other
[To ling V]
—> B
[ Retract to cylinder
Titt Aeds for Gouge Avoidance (creates multi-ads toolpath)
[ Mo titting - ]
=
| I N
Click on an operation
to set its attributes and [ Tool Axs Limits ]
feeds/speeds
0] [t o] [ v

b

e Use the pull down menu to select the line Slopeline
e Click Apply and then OK
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e Run a 3D simulation

At the wide end of the part the tool is pointing to the lower end of the line which makes the
tool axis more vertical than before.

At the narrow end of the part the line is higher which tends to tilt the tool over further. The
net result is to maintain the tool angle to closer the vertical within tighter limits defined by
the slope of the line. The whole part can now be machined without hitting either the
remaining stock from the roughing operation or the model itself.

Try editing the positions of the ends of the line Slopeline to see the effect on
the tool axis during the finishing operation.
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From Curve Tool Alignment

Introduction

FeatureCAM has the ability to align the tool axis from a curve. If this option is chosen, the
tool is aligned so that its axis passes through the chosen curve while maintaining the intended
contact point on the surfaces to be machined. This gives the user a very flexible way of
precisely controlling the way that the tool is inclined as it passes over the part.

In this example, we will be machining the curved slot in the part shown below using an
Isoline strategy.

e Open the file From_Curve.fm
e Select the tool crib From_Curve.fm_tools_from_last_save
e Select a shaded view

The slot is deep relative to the tool length. As the sides of the slot are nearly vertical it would
not be possible to use a Lead & Lean orientation. Equally From Point and From Line would
be unsuitable as the slot has several changes in direction.

e Select an Isometric View
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e In the Options menu select Simulation
e Check Show Holder
e Run a 3D simulation

The holder is colliding with the model in the area on the right of the view above. We will
now use a From Curve tool axis orientation to tilt the tool away from the part to remove this
problem.

e Open the properties of srf_milll
e Click on the isoline operation and then the 5-axis tab
e Check Other and then select From Curve from the pull-down menu

' - N K | $ |'1
Surface Milling Properties - srf_milll L
M s _mill | Strategy | Edges I Stock | S-fuds |Surface control
= gf) isol i i o
ﬁ’g";l o @ Vettical (@) @ Fxed  (0.0.1)
Multi-Pods
Lead Angle
(7 Use Lead and Lean Lean Angle
@ Cther
[From curve v]
—> |
[ Retract to cylinder
Tilt Aods for Gouge Avoidance (creates multi-axds toolpath)
[ Mo titting - ]
=
| Y
Click on an operation
to set its attributes and [ Tool Axis Limits ] Reset Al
feeds/speeds

[ ok [ Cancel |[ Apply || Preview

e Use the pull down menu to select the curve igs3
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e Click Apply and then OK
e Run a 3D simulation

The axis of the tool is now following the line from the selected curve to the surfaces being
machined. Because the curve is above the centerline of the slot, the tool is tilted away from
both sides of the part removing all gouges.
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To Curve Tool Alignment

Introduction

The To Curve tool axis alignment aligns the centerline of the tool so that it passes through a
user-defined curve. This gives the user much greater flexibility than other tool axis alignment
options; by modifying the shape of the curve the tool axis can be controlled very precisely
over a given part of the toolpath.

In this example, we will be machining a single surface using an Isoline toolpath. We need to
constrain the toolpath so that the holder does not collide with the central boss of the part or
the machine table.

e Open the file To_Curve.fm
e Select the tool crib To_Curve.fm_tools _from_last _save
e Run a 3D simulation

The tool is oriented along the Z axis by default. This is causing the holder to collide with the
central boss on the part. We will now try using a Lean angle to tilt the tool away from the
part.

e Eject the simulation
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e Open the feature properties, click on Isoline and select the 5-Axis tab

e Setalead and Lean angle of Zero degrees

Surface Milling Properties - srf_milll

52 ]

® sf_mill | Strategy | Edges | Stock | 5-44s | Surface control
E-57) isoli ] .
@ ot |n.e_ () Vertical (Z)
5 finish1
Multi-feds
Lead Angle 0
@ Use Lead and Le;
@ Use Lead and Lean Lean Angle 0
() Other
From point
pi i
[ Retract to cylindsr
Tikt Axis for Gouge Avoidance (creates multi-zds toalpath)
[No titting *]
el 7] &
Click on an operation
to set its attrbutes and [ Tool Axis Limits
feeds/speeds
[ ok || Caneel ||

e Click Apply and then OK

e Select the DMG Evo post and the matching MD file

e Run a Machine simulation

When the tool is leaning over to be
perpendicular to the bottom of the

surface being machined, the spindle
is striking the table of the machine.

We could use a different lean angle
to avoid the problem, but this would
need us to change the cutting to
unidirectional. This would mean
that the C-axis of the machine
would continuously cut in the same
direction. With this particular
machine, that would not be a
problem, however, some machines
cannot “wind up”. That is, there is a
limit to the number of rotations an
axis can make. We will now look at
an alternative method of controlling
the tool axis.
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e Eject the simulation
e Open the feature properties, click on Isoline and select the 5-Axis tab
e Check Other and then select To Curve from the pull down menu
e Select the curveig_3
( Surface Milling Properties - srf_milll |£|1
M sf_mill |St|7:|’[eg).r | Edges | Stock | S-Fuis |S|.|rface control
= g"’;;ish ; ) Vertical Z) O Fxed (007
Multi-Peds
Lead Angle
(7 Use Lead and Lean Lean Angle
@ Other
[To curve v]
n
[] Retract to cylinder
Tilt Aeds for Gouge Avoidance (creates mutti-ads toolpath)
[Notihing v]
pt1 MY
Clickgnan ppemtion —
;:esde: J:t; gl;utes and [ Tool Axis Limits ]
[ ok |[ cance |[ pply || Freview
e Click Apply and then OK
e Select a Left view
e Turn off Shaded view
e Step through a Centerline simulation

Y X
.,-F'"f

As you step the tool around the job, you will see that the axis of the tool is always directed to
the selected curve.

e Eject the simulation
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Open the feature properties, click on Isoline and select the 5-Axis tab
Check Other and then select To Curve from the pull down menu
Select the curve3

Click Apply and then OK

Step through a Centerline simulation

=

As the curve is smaller and positioned lower, the tool axis is modified. It is steeper at the
lower edge of the part leaning it further away from the table.

e As an exercise, try moving and changing the size of the curves to see the
effect on the tool axis orientation.
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5-axis Swarf

Introduction

In swarf machining, the part is cut using the side of the tool rather than the tip. Not all
surfaces can be cut with a single pass swarf toolpath. In order for it to work, the surface must
be singly curved (a section through the surface must be a straight line in one direction) and
developable (a surface which could be opened out flat without deforming it other than by
unwrapping).

In this first example, we will machine a turbine blade using a swarf machining operation.

e Open the file Swarf.fm
e Select the tool crib Swarf.fm_tools_from_last_save
e Run a centerline simulation

The part is being finished using a Z Level finish toolpath. Note how the toolpath is
fragmented at the top and bottom edges of the surface being machined. This results in
multiple lift-offs and a poor finish on these edges. To get a good surface finish, the toolpath
has to make many passes thus increasing the machining time.

Uncheck the feature srfmill_1

Select the surface “face_172”

Create a new surface milling feature
Create a Single operation
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On the New Strategy page select Swarf then click Next
Make sure that Gouge check and Follow surface laterals are checked

( Strategy 1
COperation Options
Rough [] Reverse Toal fuis
(@ Finish
Follow surface laterals
Gouge check
| <Back || Net> |[[#8 Finish|,| | Cancel | [ Help |

Click Finish

In order to make the best use of the Swarf operation, we need to select or create a tool that is
capable of finishing the whole surface in a single pass.

Click on an operation m

-
Surface Milling Properties - srf_mill2 =
B sf_milz Tools |F/S | Miling [ Leads y
B@ swart Criteria to restrict tools in list:
- finish1
Tool Group: || BallEnd Endi =
Diameter: Anything -
End-Radj Arything -
A [] curvature-based
Mame 4 Diam. End. Futes Cutter L:
[ Long endmillB0.  0.5000 02500 4 2.0000 U
] Short Quarter 02500 01250 4 0.2500
[ Short endmil B0.  0.5000 0.2500 4 DE»D-D-D
[ Short endmilB0.  0.7500 03750 4
[D] endmill0500reg  0.5000 l] 0opo 2 l] 8121] -

to set its attibutes and
feeds/speeds

Cancel Apply [ Preview ][ Help

)

e Click on finishl and select the Tools tab

e Select the Tool Group - Ball End Endmill

e Select the tool Long Endmill BO500 and then click on New tool
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e Fill in the form exactly as shown below

-
End Mill Tool Properties

Endmill | Ovemides | Holder | Feed/Speed |

|| Use curve to describe tool shape

Taper 5

Cutting Type Center

Name Taper Ball 0.250

Measure Inches DIz 10700
Diameter 1.00000 in.

Overall Length 400000 in.

Bxpossd Length 300000 in

Cutter Length 4.15581 in.

Flutes 4

Shank Diameter 1.00000 in.

End Radius 0.12500 in.  [C]Balend

deg. [ Diameter at Bottom | Compute from shank

Fute Angle |STANDARD -

Tool End Type | SINGLE -

Mateisl  [HSS ~| Finish [BRIGHT -]
Hand @ Right Hand () Left Hand
G ][ o | e

e Click on Apply and then OK

e Select the DMU Evo post processor and machine design file

e Run a machine simulation

ﬁ

The part is finished to the full depth with a single pass of the tapered tool. This both saves
time and gives an improved surface finish as there are no scallops produced on the surface.
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Swarf machining can also be used to finish the edges of manufactured parts. In this type of
application, the side of the tool can be used to remove burrs from machined parts, flash from
molded, cast or forged part and excess material from composite lay-ups. In this example, we
will use a swarf toolpath to cut off excess material from a molding of a motorcycle fender.

e Open the file Fender_Swarf.fm

The model is mounted in a jig ready for the edges to be trimmed. We will trim the excess
material from the part using a tool tilted over at 90 degrees to the edge.

e DO NOT select any surfaces
e Create a new surface milling feature and click Next

We need to select just the edge faces of the part. As they have a different color, it is a simple
matter to use a filter to select only the orange surfaces that we wish to machine.

k Select Maode

e From the main tool bar select Edit select All Ctrl+A

e Choose Select by Color/Type Unselect Al
{* Select Circles..,

I Select by Color/Type...

e From the pulldown menu select the Orange color then click OK
e Onthe New Feature — Part Surfaces form click the green cross to add
the selected surfaces into the feature
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e Click Next and select Choose a single operation then Next
e Select Swarf and click Finish then OK
e Single step a centerline simulation

By default FeatureCAM chooses to
approach the part from the side that is
nearest to the setup. In this case we
want to bring the cutter in from outside
of the part so we need to flip over the
tool. We can control this from the
Strategy tab of the feature.

Eject the simulation
Edit the feature and select the Strategy tab
Check Reverse tool axis

Click Apply and then OK

Single step a centerline simulation

The tool is now approaching
from the correct direction. If
you zoom up on the tool,
you will see that it is
machining exactly to the
inside edge of the part.

When trimming flexible
workpieces such as this, it is
often better to take the tool
past the edge of the part to
ensure that the edge is fully
machined.
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e Edit the feature and select the Milling tab
e Set the Axial offset to -0.1”

Surface Milling Properties - srf_milll |Ml
® sf_mil [ Tools [F/5 | Miling |Leads |
= if .
@ swan Attributes for Firish ] Use alt S-ands pos
------ = finish1
* Mol offset = -0.1000 -
Puial tolerance = | Fan at ends
Check allowance =
Comer radius % = [ Muttiple Cuts
Degouge tolerance = Multicut shrategy
Leave allowance = 0.0000 Merge
Mimimum fanning = |
Plunge feed ovemide % =50.0000 |= —
Prorty =
S s rge.|
Stepover rapid distance = e
Stock overcut % = 100.0000
Surface join tolerance =
Target horsepower = b St
Tolerance = D.DD'!D =
Click on an operation New Val 21
to set its attributes and ew Vaue: |1 Reset Al
foset s b
[ oK || Cancel || Mpply || Preview Help

e Click Apply and then OK
e Single step a centerline simulation

By applying a negative Axial offset, we are forcing the tool to machine with its tip past the
edge of the surface to be finished. This will ensure that there is a good finish on the edge.
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5-axis Trim

Introduction

The 5-Axis trim toolpath is used for trimming up the edge of moldings, castings, lay-ups, etc.
The tool makes two passes around the edge of the selected surfaces to trim off excess
material. Either the face of the surface or its outer edges can be trimmed. If this toolpath is
used on the outside edge of a part with a negative offset, it can be used for de-burring.

In this example, we will trim up the edge of a die-casting with an end mill. The tool axis will
be set to be normal to the surfaces being machine by using a Lead and Lean of zero.

e Open the part Trimming.fm
e From the view menu select Show all

The part contains three solids; the silver one is the part to be machined, the blue one is the
stock, and the orange is the fixture on which the part will be mounted. We will now set up
ready for machining.

e Select the tool crib basic
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e Open the stock properties, select User defined
e Choose the solid stock from the list as shown

rStDck Properties - stockl | i |1

® stock Select Stock Solid 5
) Block () N-Sided n Shaw all[] [ o |
) Round 0 User defined il g :';nuian —
| T — (o

Ly
.

x| x 00000 ] v [o!

[ ok [ concel |[ ey |

e Click OK and Apply
e Click OK to close the stock properties form
e Inthe Part view, right click on the solid called stock and Hide selected

We will now register the solid fixture as a clamp so that it appears in the simulation.

e Inthe Part view right click on the solid fixture
e Select Use solid as a clamp

5P Solids

=0 v

---ﬂl stock @4 Propertie Alt+Ente

- trim_part
b Cut Ctrl+X
I% Copy Ctrl+C
[% Paste Ctrl+
> Delete Del

Rename...

f@ Show Selected
T Hide Selected
¥ Center Selected Ctrl+E

L* Change Layer...

Use Solid As Clamp

Use Solid As Part Compare Target

1

We are now ready to create the first trim toolpath. This will finish the lower edge of the part.
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e Select the surface that makes up the lower edge of the part as shown

Create a new surface milling feature

Select Choose a single operation

On the New strategy page select 5-Axis trim

Click Finish

Select the 5-Axis tab

Check Use Lead and Lean & set both Lead and Lean angles to Zero
Click Apply

[ Surface Milling Properties - srf milll ES)
B s_mill | Strategy | 5-Ais | Suface control |
chm | owen  on
------ = finish1
Multi-fis
Lead Angle 0
’ Use Lead and Lean Lean Angle 0
) Other
| From pairt - |
-1
Retract to cylinder
Titt Axiz for Gouge Avoidance (creates multi-zds toolpath)
|No titting vl
L bl
Click on an operation
to set its attributes and ’ Tool Axis Limits ]
feeds/speeds
OK || Cancel || pply || Frevew || Hep |
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e Select finishl and then the Tools tab
e Selecta 0.375” long reach Flat End Mill as shown

Surface Milling Properties - srf_milll ﬁ
B st _mil Toals |F/S | Miling | Leads
Bm@ tim Crteria to restrict toole in list:
5 finish1
Toal Group: || Fat End Endi «
Diameter: Anything -
End-Radius: Anything v
Ay aR [] Curvature-based
MName 4 Diam. End. Fltes Cutterl =
%) endmill 0375:hig.  0.3750 0.0000 2
[ endmill0375reg  0.3750 0.0000 2 05620
[ endmill1437:4reg 0.4375 0.0000 4 1.0000 U
[ endmill1437high  0.4375 0.0000 2 1.0000
[ endmill0437hig.  0.4375 0.0000 2 17500 -
Click on an operation < | m | »
to set its attributes and
feeds/speeds
[ ok [ cCancel |[ eply || FPreview Help

e Click Apply and then OK
e Run acenterline simulation

The tool makes two passes around the selected surface cleaning up the edge. As we have set

lead and lean angles of zero, the tool tilts as it passes around the part maintaining its axis
perpendicular to the surfaces being machine.

We will now repeat this process for the upper edge of the part.
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e Select the surface that makes up the upper edge of the part as shown

e Create a new surface milling feature
e Select Choose a single operation
e On the New strategy page select 5-Axis trim
e Click Finish
e Select the 5-Axis tab
e Check Use Lead and Lean & set both Lead and Lean angles to Zero
e Click Apply
( Surface Milling Properties - srf_milll lil
M st _mil | Strategy | 5-Mds | Surface control
-5 bim R
i () Vertical (Z) () Foeed
5 frisht Multi-feds Lond A
. 3 gle (1]
’ i@ Use Lead and Lean Lean Angle T
) Cther
|Fr0n'| poirt v|
| - |
[ Retract to cylinder
Titt Awis for Gouge Avoidance (creates multi-axds toolpath)
|N0tihing vl
I -]
Click qnangpeiation —
trg:de:};izt;MES and ’ Tool Axis Limits ]
OK || Camcel |[ Mpply || Peview |[ Help |
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Select finish1 and then the Tools tab

Select a 0.375” long reach Flat End Mill as before

Click Apply and then OK

Select the DMU Evo post and ensure you have the matching MD file
Run a Machine simulation

To finish off the part we will finally add an Outside edge trim operation to deburr the edges
of the upper surface.

Eject the simulation

Open the feature properties of srimill_2

Select the Process tab and click on Add new operation
Choose a 5-Axis trim operation

Click Next and then choose Outside edge

Click Finish

i .

Strategy

Operation Options
Rough (7 Inside edge
@ Finish @ Outside edge
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e Click on the new trim operation and select the 5-Axis tab
e Setthe Lead to Zero and the Lean to 45 degrees

Surface Milling Properties - srf_mill2 |£|
B sf_mi2 [ strateay | 5-4%is | Surace control
255 tim _ ,
[ () Vertical () Feed
3 finishl B Vetical ) -
Lo ) Multi-fois
= @gr - leadAnge D
. - @ Use Lead and La n—
@ Use Lead and Lean Lean Angle =
() Other
From poirt -
=
*] 3
[ Retract to cylinder
Titt Aeds for Gouge Avoidance (creates multi-=ds toolpath)
Mo titting -
=
| E— ")
Click on an operation
to set its attributes and ’ Tool Ads Limits ]
feeds/speeds
e ) (o) [mion) (o]

Click Apply and then OK

Select the finish2 operation and then the Tools tab

Select a 0.25” long reach Ball Nose Tool

Select the Milling tab and set the Leave allowance to -0.010"
Click Apply and then OK

Zoom in on the upper edge of the part and run a 3D Simulation

Note how the new 5-Axis trim toolpath has neatly deburred the sharp edges left by the
previous operation.
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Collision Avoidance

Introduction

FeatureCAM is capable of detecting when the tool shank or holder will collide with a part. It
is then able to take evasive action provided that the user tells it how it should tilt the tool to
get out of trouble. Any 5-Axis tool alignment can be used as a collision avoidance strategy.
In this module we will look at several ways in which collision avoidance can be applied.

In this first example, a stepped part will be machined. The step is steep and would require a
long reach tool to be machined safely with a 3-Axis toolpath. We will look at using a Lead
and then a Lean avoidance tool axis to allow us to machine the part with a short reach cutter
to finish the part.

e Open the file Avoid_Lead_Lean.fm
e Select the tool crib Avoid_Lead_Lean.fm_tools_from_last_save
e Run a 3D simulation

We are using a short cutter here to minimize chatter and deflection as this will give improved
accuracy and surface finish. It is obvious however that the holder is colliding with the part.
We will now fix the gouge by tilting the tool away from the part along its direction of travel,
That is, we will use a Lead angle tool axis. We could apply a lead angle to the whole
toolpath, however, we only wish to tilt the tool in the area where the collision would occur. In
general, 5-Axis toolpaths take longer to calculate. By using a collision avoidance strategy we
only tilt the tool where it is necessary thus reducing the overall length of time taken to
calculate the toolpath.
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Collision Avoidance

e Open the properties of srf_milll

e Click on the Parallel operation and then the 5-axis tab

L

Surface Milling Properties - srf_milll

M =f_mill
=553 parallel

= finish1

| Strategy I Edges | Stock | Slopes | -Fais |Surface corrtrol|

Click on an operation

to set its attibutes and
feeds/speeds

@ Vertical (Z) ) Fied  |(0.0.7)
Multi-Aeis

i Lead Angle

) Use Lead and Lean Lean Angle
() Other

From point
iy
[ Retract to cylinder
Titt Ads for Gouge Avoidance (creates mutti-ads toolpath)
P |Lead -
Iy Y
[ Tebsims ]

[ ok ][ Cancel |[ fpply || Freview

e Use the Tilt Axis pull down menu to select Lead
e Click Apply and then OK

e Run a 3D simulation

\\}

%

A

The tool tilts away from the part sufficiently to avoid a collision. It is important to note that
the direction of the tilt is independent of the direction in which the tool is moving; this is
unlike a normal Lead tool orientation. FeatureCAM is looking at the surfaces to be avoided
and automatically deciding the Lead angle and whether it needs to be positive or negative.

We will now change to a Y Parallel toolpath and use a Lean angle to prevent gouging.

Issue FeatureMILL5AS 2012



FeatureMILL3D

Collision Avoidance

e Open the feature properties - click on Parallel and select check Y Parallel.

52 |

”
Surface Milling Properties - srf_milll L
M s _mill Strategy | Edges | Stock I Slopes | 5-fiz | Surface controll
= @ g’a:@ o Operation Options
s Fough () ¥ parallel
@ Finish @ Y Parallel ‘_
Parallel angle 00
[ Add perpendicular
remachining pass
4510
[ Remachining
Previous tool diameter 0.0000
Owercut percent 5.0
Click on an operation Minimurm rest material 0000
to set its attibutes and
feeds/speeds
Cancel Apply Preview ] ’ Help

Select the 5-Axis tab

Click Apply and then OK
Select an Isometric View

Use the Tilt Axis pull down menu to select Lean

Run a 3D simulation

The tool is now cutting with a bi-directional
parallel toolpath along the Y direction. The

tool is leaning away from the

FeatureCAM is automatically deciding the

amount of the lean angle and

needs to be positive or negative.

part. As before,

whether it

e As an exercise create a line from (2,0,1) to (2,2,1) and use it to provide a
From Line tilt axis for collision avoidance
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We will now use a Lean avoidance strategy with a Z-Level finish toolpath on a turbine
blade model. In order to better visualize the motions of the machine, we will use a
machine tool simulation.

Open the file Avoid.fm
Select the tool crib Avoid.fm_tools_from_last_save
Run a 3D simulation

The first part of the toolpath is OK, but when the tool gets about three quarters of the way
down the part, the holder collides with the top of the blade. We could fix this by changing
the whole of the toolpath to use a Lean tool axis. The disadvantage of this approach is that
the 5-Axis toolpath will take longer to calculate. By using collision avoidance we can
calculate most of the toolpath quickly using a 3-Axis strategy and only switch to 5_Axis
where it is needed to avoid hitting the part.

Eject the simulation

Open the feature properties, click on Z Level

Select the 5-Axis tab

Use the Tilt Axis pull down menu to select Toward Surface Normal
Click Apply and then OK

Lead and Lean are useful collision avoidance options when the obstacles to be avoided are all
aligned in a single direction so that either a Lead or a Lean will allow FeatureCAM to prevent
a gouge. When features on the part have many different orientations, it can be difficult to
avoid a collision using a single tool axis option.
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In addition to the normal tool axis alignments available through the “Other” pull down menu,
FeatureCAM has an additional option for collision avoidance; this is Towards Surface
Normal. When this option is selected, FeatureCAM tilts the tool away from surface which it
is cutting. The direction of the tilt is towards the normal to the surface — that is, in a direction
perpendicular to the surface at the point of contact. In most cases, this will tilt the tool in a
safe direction away from the surfaces being machined.

e From the Manufacturing menu select Post Process

e Browse to select the DMG Evo post processor

e In the setup properties ensure that FeatureCAM is going to use the
machine desiggn file that is specified in the post processor

-~

Setup - Simulation information

The bottom of the bottom-most clamp is located where?

. Convenient to think of these numbers as
Hices BRLLLD offsets (or a point in STOCK coordinates).

Y Offset:  0.0000
ZOffset:  -5.0000

Simulation machine design file:

1 Always use this one :
C:\Program Fileg\FeatureCAM \Examples'Machine [ + [&
Use the one specfied in the .cnc file, or use a smart choice

@) from BExamples*Machine Design that matches’ .cnc tumret info
(or document indexer type)

m Mext > I‘@'-Enish] [Cance-l] [ Help J

e Select an Isometric View
¢ Run a Machine Simulation
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The rotary axes of the machine remain stationary at the start of the toolpath. It is only when
the tool shank or holder become too close to the part that the rotary axes are bought into play
to avoid the collision.
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Tool Axis Limits

Introduction

In 5-Axis machining, it is often necessary to limit the motion of the tool relative to the part.
This may be to avoid a collision between the tool holder and the part, work holder, or table,
or to prevent the rotary axes from going over their limits.

In this example, we will be machining a curved surface using an Isoline strategy. In order to
avoid collisions with the stock remaining after roughing, we shall use a Lead & Lean tool
axis orientation. This will cause collisions with the part which we shall then resolve.

e Open the file Limits.fm
e Select the tool crib Limits.fm_tools_from_last_save
e Run a 3D simulation

The tool holder is colliding with the steps left by the roughing operation. In order to prevent
this, we could either use a longer tool or we could tilt the tool away from the part to avoid
hitting the steps. In this case, we will try using a Lead & Lean tool axis with both angles set
to zero, this will align the tool axis with the normal of the surface being machined.

e Eject the simulation
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e Open the feature Limits, click on Isoline and select the 5-Axis tab
e Select Lead & Lean and set the Lead and Lean angles to Zero

Surface Milling Properties - limits |£|
M limits | Strategy | Edges | Stock | 5-fds | Surface cortrol
= g soine © Vettical (2) © Fixed
w3 firish1
MMulti-feds
- Lead Angle [1]
b i@ Use Lead and Lean Lean Angle 0
() Other
| From point -|
I
|| Retract to cylinder
Titt Az for Gouge Avoidance (creates multi-zxds toolpath)
’No titting vl
L
Click on an operation
to set its attributes and [ Tool Axis Limits ]
feeds/speeds
OK || Cancel || Apply || FPrevew |[ Hep |

e Click Apply and then OK
e Run a 3D simulation

As you can see, the tool holder is no longer colliding with the steps left by the roughing.
However, as the tool axis is leaning down almost to the horizontal the tool holder is now
hitting the lower, flat areas of the part. We will now use Tool Axis Limits to fix this problem.
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Tool Axis Limits

Eject the simulation
Open the feature Limits, click on Isoline and select the 5-Axis tab
Click on Tool Axis Limits

\,

Surface Milling Properties - limits |£
M limis | Strategy | Edges | Stock | 5#is | Surface cortrol
= imoli _ _ p—
) fsoline ) Vettical (2) ® Fed 0.0
= finish1
Multi-Aeis
Lead Angle 0

@ Use Lead and Le

@ Use Lead and Lean Lean Angle 2

) Other

+:
2
[ Retract to cylinder
\ Tilt Axis for Gouge Avoidance (creates multi-axis toolpath)
™ [No titting v]
=
| I (I Y
Click on an operation
to set its attributes and Tool Axs Limits
feeds/speeds
Cance Apply [ Preview ] [ Help ]

’,

This opens up the Tool Axis Limits form. We will now use some of the options here to
control the way that the tool is allowed to move in order to prevent collisions with the part.

e

Tool Axis Limits =

|'1

wihen limitis hit, @) Remaove taolpaths
() Leave tool at tool axiz limit

Elewvation Angle - defines the angular limitz of the machine tool above
the = plane. Oz in the #v' Plane; 90 iz along the £ auis.

Elewation limits [ alid range : -90 to 90 dearees)

= ttin 23 Max 90

Azimuth Angle - defines the angular limitz of the machine tool in the =Y
plane. 0z inthe = axiz; 90 iz the Y axis.

Azimuth limits Malid range: 0 to 360 degrees) ) )
Relative to thiz 1CS

N
[ Project to 5 plane [make 4-axis toolpaths]

bin 0 Max 360

Select Remove toolpaths
Set the Minimum elevation to 23 degrees and hit OK

This is telling FeatureCAM that we want to allow the tool to go no lower than 23 degrees
above the XY plane of the selected UCS (in this case the STOCK UCS). When the tool

reaches this limit, any part of the toolpath below that angle will be removed.

Select a Front view
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e Run a 3D Simulation; pause when you reach the Isoline toolpath and
single step through the program from there

The tool is now only moving down the part until the normal of the surface being machine
reaches an angle of 23 degrees to the horizontal. When it reaches this limit, it machines no
lower.

As the surface is tapered, the limit of the specified angle is moving up that part as it gets
wider. This means that at the widest end of the part, the finish machining path is missing a
large part of the surface to be machined. We can get around this by using another option on
the Tool Axis Limits form: Leave tool at axis limit. When Leave tool at axis limit is
selected, the tool will remain at the maximum angle but will continue to machine down to the
end of the surface when the tool axis limit is reached.
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e Eject the simulation
e Open the feature Limits, click on Isoline and select the 5-Axis tab
e Click on Tool Axis Limits
e Select Leave tool at axis limit
e Set the Minimum elevation to 30 degrees and then Click OK
[z rmbrs [ 5 J]
Wdhen limit iz hit, (71 Remaove toolpaths

@ Leave tool at toal axis limit

Elevation Angle - defines the angular limits of the machine toal above
the #" plane. iz in the =7 Plane; 90 iz along the £ awis.

Elevation limits [Valid range : -30 to 90 degrees|
Min 30 Max 30

Azimuth Angle - defines the angular limitz of the maching toal in the =Y
plane. 0 iz inthe % a=is; 90 iz the ' axiz.

Azimuth limitz [ alid range: 0 to 360 degrees] : )
Relative to this LICS

T o

Project to = plane [make 4-axis toolpaths]

LN

e Select a Front view
e Run a 3D Simulation; pause when you reach the Isoline toolpath and
single step through the program from there

By limiting the tool axis to a steeper angle and then maintaining the axis at that angle rather
than removing the toolpath, we have now machined much more of the surface without
colliding with the lower part of the model.
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5-Axis Trim Exercise

e Open the file Fender_Trim.fm

The model is mounted in a jig ready for the edges to be trimmed. We will trim the excess
material from the part using a tool aligned perpendicular to the surfaces that make up the
edge to be trimmed.

e DO NOT select any surfaces
e Create a new surface milling feature and click Next

We need to select just the edge faces of the part, as there have a different color it is a simple
matter to use a filter to select only the orange surfaces that we wish to machine.

e From the main tool bar select Edit R Select Mode
e Choose Select by Color/Type Select All Ctrl+A
Unzelect All
{* Select Circles...
I Select by Color/Type...

e From the pulldown menu select the Orange color then click OK

e Onthe New Feature — Part Surfaces form click the green cross to add
the selected surfaces into the feature

e Click Next and select Choose a single operation then Next

e Select 5-axis trim and click Finish

6 Issue FeatureMILL5AS 2012



FeatureMILL3D Tool Axis Limits

Select the finish operation and then the Tools tab
Select a 0.25” Flat End Endmill

Click Apply and then OK

Select a Front view

Single step a centerline simulation

The toolpath is using a Lead and Lean angle of Zero. This would result in the head of the
machine colliding with the part.

e Use Tool axis limits to modify the toolpath so it can trim the part safely
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4-AXIS Simultaneous

Introduction

FeatureCAM has three methods available for cutting 4-axis features:

Wrapped 2.5D Features Requires FeatureMILL 2.5D
Wrapped Surface Milling Feature  Requires FeatureMILL 3D.
4-axis Simultaneous Features Requires FeatureMILL 5-Axis Simultaneous.

In this module, we will focus on 4-axis simultaneous features as 2.5D and 3D wrapped
features are covered in separate modules.

FeatureCAM 4-Axis simultaneous is used where it is possible to cut a part by a 5-Axis
strategy, but only a 4-axis machine is available. This gives the user access to a much wider
range of strategies than would be possible using just 2.5D or 3D wrapped features. The
method works by generating a full 5-Axis toolpath and then “locking out” one of the axes to
give a 4-Axis toolpath. This may mean that the part is not cut fully, but this may be what is
required as it is often very difficult to model a part exactly so that it can be machined with
just four axes.

Impeller Example

In this example, a part will be completed using the swarf and isoline 4-axis strategies. The
part is roughed using swarf cutting at multiple levels, and then is finished using swarf and
isoline.

e Open the part Impeller_Start.fm
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At first glance it may appear that this part can be cut 4™ axis, but the straight isolines on the
surface are not perpendicular to the X-Axis. So, it is a 5-Axis part.

e Double click on the stock to edit its properties
e Select the Indexing tab
 Note that we have 5™ Axis Positioning selected

Stock Properties - stockl |i

O stock 1 Dimensions | Indexing

) No Multi-zds Postioning

—b@ Ath Awis Positioning

[ Fixture: Location...

QOperation Ordering
~) Tool Dominant
@ Setup Dominart
[¥] Generate Single Program

[ ok ][ camce || Aeply Help

L r

e Click Cancel
e Select the Haas-5 axis.cnc post processor from:

C:\Program Files\FeatureCAM\M-Library\5™ Axis\

e Run a Centerline simulation
e Check the NC code

[NC Code

M1660 Z7.2644

M1666 A-33.207 B3.1656

M1860 1.9656 2 5056

M1866 Z7.5959

M1870 A-26.135 B4.162

M1876 1,407 %"1.8942

M1880 Z7.6353

1885 A-17.076 B5.984

M1690 08482 v1.2499

M18495 Z7.9785

M1900 A-9.06 B10.903

M1906 =0.2847 v0.6019

1910 28.0234

M1915 A-1.817 Bb3.483

M1H20 %-0.2174%0.313

M1925 G93

M1930 G071 Z6.809 F18.5263

M1935 %-0.2134 01756 £6.5068 F327.2727

M1940 »-0.0719 v0.0666 £6.50506 A-2.748 B27 896 F23.075
M1945 =0.0219%0.0975 £6.803 A-3.475 B18.492 Fa4.01
M1950=0.1787 v0.2553 Z6.7919 A-B518 B11.782 F43.3466
M1H56 03187 V0421 £6.7748 A-7 503 BG8.772 FB7.7134
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4 Axis Simultaneous

We have a mixture of A and B rotary moves. We want to restrict this to A only. FeatureCAM

can do this by locking out the B axis.

In order to lock an axis, we have to restrict the tool moves to the XY plane of a UCS. In this
case as we want to lock out the B axis, we need to make a new UCS with its Z axis aligned

with the machine X axis.

e Eject the simulation

e On the main menu click on UCS 2
e Check Create from UCS

( ucs | - |
Current CS:
JCs2 =

Nev. ) New UCs 58 ]
Parameters in world coordinate system g —
Origir: Mame:  JCS2 (]
[ 0.0000, 0.0000, 0.0000) )
@ Create from UCS ance
Az Wectars: & [ ] [ ]
STOCK - Help
% (1.0000, 0.0000, 0.0000 ) J
] () Create and go to alignment wizard
. [0.0000, 1.0000, 0.0000 ]
Z: [ 0.0000, 0.0000, 1.0000] . s
Delete
e Click OK
e Click Rotate and enter a Y angle of 90 degrees
ucs .|
Current UCS: Close
UCs2 -
e -
FParameters in world coordinate system Rotate
Rename. .
Origir: ucs.  ucsz2 0

[ 0.0000, 0.0000, 0.0000 ]

'

Bz Vechors: Ratate...

¥ [ 0.0000, 0.0000, -1.0000 )
' (0.0000, 1.0000, 0.0000 ]

Align...

Fezet

Tranglate...

Rotate about Az [in dearees) Cancel

# 0.0000 90 Z 0.0000

Apply
f Help

e

2 [1.0000, 00000, 0.0000]
Delete

e

N

This has aligned the Z axis of the new UCS with the X axis of the machine. We now need to
change the 5-Axis toolpaths to 4-Axis with the B axis locked out.
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e Select the first srf_milll feature in the Parts view and access the
Properties

Click on Swarf

Select the 5-Axis tab

Click on Tool Axis limits

Check Project to XY Plane (make 4-axis toolpaths)

Select UCS2 from the pulldown and then click OK then OK again

Tool Axis Limits = |

Wéhen limit is hit, Fiemnove toolpaths
@) Leave tool at toal axis limit

Elewvation Angle - defines the angular limitz of the machine tool above
the =" plane. 0 iz in the =Y Plane; 90 is along the £ auxis.

Elewvation lirmitz alid range : -390 o 90 degrees]
Min |50 bax | S0
Azimuth Angle - defines the angular limitz of the machine tool in the Y

plane. 0z in the * a=is; 90 iz the " axis.

Azirnuth limits [ alid range: 0 to 360 degrees] ) )
Felative to this UCS

bin 0 pax 360 & | sz -

| Project to 7 plane [make 4-awiz toolpaths]

Ok W/Tlp

e Repeat the above procedure for the other features in the part
¢ Run a Centerline simulation
e Check the NC code

NC Code

oA O THOTIT D U AT U Tl o g

MEVE X3.7522 Y4.8729 231082 A-72.737 F99.6009
MEE0X3.9088 v 4.9311 £2.9061 A-7B 119 F59.9734
MEBEE X4.043Y4.9742 Z2.7311 A-77.161 F105.376R2
MEA0X4.1548 v'5.006 £2.5627 A-75.879 F125.9286
MEYS X4.2939 v5.0373 £2.4009 A-80.971 F103.4525
M700=4.4302 vh.0616 £2.2222 A-83.017 F106.2938
M705 45732 v5.0808 Z2.0325 A-85179F101.163
M0 x4, 7142 vh.0923 £1.8457 A-87.3 F103.4814
M715%4.8483 v5.0973 21.6658 A-83.339 F108.3576
M7E0 %4.9826 v5.0956 £1.4875 A-91.359 F1049.6426
M725 x5 116950879 21.308 A-93.392 F109.5706
M730x5.2718 v5.0716 £1.0992 A-95.764 F94.67R1
M735 x5 41658 v5.0489 20.9025 A-95.006 F100.58785
M740x5.5617 v5.0183 20,7079 A-100.237 F101.8263
M745x6.7273Y4.9738 20,4886 A-102.775 F90.0407
M750 x5.745 v4.9676 20,4615 A-103.091 F723.2439
M7EE 49282 20.2998 F270.5247
M760x5.56244.9739 £0.5187 A-100.555 F90.0763
M765 X5 4168 +'5.00495 £0.7408 A-95.006 FG9.1712
M770x5.272Y5.0322 £0.9374 A-95.764 F100.9919
M775X5.1171 v'B.0485 £1.1463 A-93.392 F94.7794
M780X4.9603 v5.057 £1.3556 A-91.022 F94.1045
M785X4.6258 v'5.0677 £1.534 A-89.001 F109.8036

We now have a true 4-axis toolpath.
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