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Programming All Your CNC Machines - FeatureCAM
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Learning Objectives

e Learn how to use FeatureCAM software for a range of CNC machines — including
3-axis to 5-axis mills, simple lathes to multitasking turn-mill centers, wire EDM, and
more

e Learn how to program like features consistent across a wide range of machine
types

e Learn how to easily adapt existing programs for use on other machines

e Learn how to optimize your programs to your machines

Description

Learn about a wide variety of machines available today, from simple 3-axis mills to complex 5-
axis machining centers, and from simple lathes to multitasking turn-mill centers, wire electrical
discharge machining (EDM), and more. See how the world’s leading feature-based CAM
software handles all of these machine types. This session features Autodesk FeatureCAM.

Your AU Expert(s)

I am a Technical Consulting Manager for North America, | currently look after all training and
support for North America for PowerMill, FeatureCAM, PartMaker, PowerShape, Powerlnspect,
and ArtCAM. | joined Autodesk through the Delcam acquisition in 2014 having joined Delcam as
an Applications Engineer in 2012. | have a history that includes work in manufacturing as a
machinist, programmer, and a technical instructor, as well as a business management
background. My product expertise is FeatureCAM and PowerMill with practical experience
programing Aerospace and industrial application products for CNC machining.
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CNC machine types available

There are a wide range of CNC machine types available today to help production, job, mold,
and specialty shops complete their programming and machining in a timely efficient manner.
Machines available today include:

3-axis mills
3-axis mills are one of the most common machine tools found in industry. Most 3-axis mills are
vertical mills with 3 axes that can move all 3 axes simultaneously — commonly X, Y, and Z axis.

Type of Work
You will find a wind range of industries using 3-axis mills, from aerospace machining, to
mold making, to automotive machining, and even general machine work.

4-axis mills

4-axis mills can be either purpose-built as 4-axis, or have an add-on/bolt-on 4-axis indexing
attachment. Indexing can be done about one axis; often times vertical mills with 4-axis will either
index around X or Z while horizontal milling machines will typically index around Y axis. Many 4
axis machines are capable of simultaneous indexing movement as well.

5-axis mills

5-axis milling is one of the most complex milling types available, simply because the machines

have 5 axes that can move simultaneously. These axes are typically X, Y, and Z (similar to a 3-
axis) but then they add two rotary axes. There are several configuration of 5-axis machines, as
such the naming convention for the two additional rotary axes changes with each configuration.

5-axis mill configurations

o Table-Table configurations are designed so that a single rotary table is stacked
on top of another rotary table (often on top of a trunnion).
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e Head-Table configurations are designed so that the table of the milling machine
has a single rotary table (typically a C axis) while the head (spindle) has the
ability to rotate to represent either vertical milling, horizontal milling, or in many
cases anywhere in between.

Page 3



& AUTODESK UNIVERSITY

e Head-Head configurations are designed so that the table is a standard milling
table while the head has a double knuckle giving it the ability to rotate and tilt.
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Turning centers

Turning centers are typically referred to as lathes. Lathes, in their simplest form, use a
stationary (non-rotating) cutter while spinning the workpiece to remove material. Typically you
will see profile turning (both inside and outside), drilling on center, tapping on center, threading
(both inside and outside), and grooving operations performed on turning centers. It is important
to note that the workpiece is usually cylindrical in nature, although not always. Turning centers
operate on 2 axes, X and Z.

Turn/Mill machines

A turn/mill machine is still a lathe, however it has the added benéfit of a live tool, allowing for
other milling type work to be completed on the machine. A turn/mill machine can have an added
axis over a standard turning center, the Y axis can allow for even more flexibility since it allows
for some off-center milling to be completed. In addition to these elements some turn/mill
machines have a B axis head instead of a standard turning turret, allowing for 5-axis turning and
milling work to be completed on these machines.

Wire Electrical Discharge Machining machines

Wire Electrical Discharge Machining is typically referred to as wire EDM. The basic idea is that a
thin wire with an electric current running through it is used to ‘machine’. The process of wire
EDM is typically slower than traditional machining techniques, but it does allow for near zero
radius’ on internal cuts (which typical milling and turning machines cannot do) and Wire EDM is
capable of cutting very hard metals that would be near impossible to cut using traditional
machining techniques.

What is a Feature and why use them in CAM

If we look at a part such as the one shown below and consider how we would manufacture it we
can see that it can be broken down into a series of Machining Operations. For example, we
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would probably want to start by Facing off the top of the part, then machine around the two
raised areas down to the next flat level. The outside area of the part would need to be roughed
out and then the Side of the part finished. There are then a series of Pockets which would need
to be rough and finish machined and finally we would drill the Holes and Chamfers to the part.
Each of these areas that we talked about on this part, Face, Side, Pocket, Hole, Chamfer, and
so on are a Feature of the part.

Chamfer

Pocket

How does FeatureCAM use features?

FeatureCAM defines a part in the terms of Features, using common shop terms; for instance, an
area that looks like a pocket can be machined using a Pocket Feature. When you define an
area as a pocket, FeatureCAM will then automatically decide what operations to use to machine
that area. All you have to do is say “This is a Pocket” and FeatureCAM will select suitable
roughing and finishing operations, tooling, speeds and feeds. You are then free to modify these
default values to suit your particular situation. By automating the generation of operations, the
overall time taken to program a part can be drastically reduced.

In addition to using features as its base programming style, FeatureCAM is also wizard based
so it will guide you through the process of programming parts using wizards that ask you
questions.

Programming on different machine types

Because FeatureCAM uses a Feature-based machining approach in which you define the end
result (a feature) and the customizable settings determine everything else you need to get to
that end result. This approach makes programming across a wide variety of machines easier.
You will notice that interface and programming style stays consistent no matter what type of
machine is being programmed.

3 axis Mills

Page 6



AUTODESK UNIVERSITY

Automatic Feature recognition

1. Import the part AFR into a new milling document

Mew Part Document *

Type:

a Turn/Mill

u Vertical Mill/Turn
¢ Wire EDM Setup
” Multiple Fixture

m Tombstone Fixture

Simulation Machine Design

|
{ ]
a Swiss Turning

Unit of Measure: (@) Inch
() Millimeter
Initial stock dialog: (®) Wizard
() Properties
ID None
[ save as default
| 0K | | Cancel | | Help |

2. Use the Wizard to establish the initial setup location, and stock size. And select the
checkbox Launch AFR after finish
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Import Results

File name: D0:\My Documents on DV,.. \Endplate AFR. SLOFRT

(®) Use the wizard to establish the initial setup location, stock size, and import
features from SolidWorks

() Accept the imported data 'as is' and import features from SolidWorks

() Accept the imported data 'as is' and exit the wizard

(choose this option if you are importing a vise, for example, or if you
want your part to be imported in exactly the same place as it was in
the design software)

Launch AFR. after finish

< Badk ‘%‘- Finish Cancel Help

3. Press Next twice
4. Select Rotate X direction 90 degrees around Z axis 3 times, then press Next
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Pick Initial Setup X Orientation

What is the setup's X direction?
*} | Pick two points to define X direction

ﬂl Rotate ¥ direction 90 degrees around Z axis

< Back ?- Finish Cancel Help

5. Press Next again, and select Computer stock size from the size of the part, then
press Next

Stock Dimensions

() Enter spedific stock dimensions
I (®) Compute stodk size from the size of the part I

Thickness
Widﬂ'l ® Length
Imported Extra stock Stock size
Data size
Length: 8.5601 X | 0.0000 | im, =8.5601
+ | 0.0000 | in,
Width: 6.5378 =¥ | 10,0000 | in. =6.5378
+Y [ 0.0000 | in.
Thickness: 1.1250 -Z | p.0000 in. = 1.1250
+Z | 0.0000 | inm.
Preview

< Back ?- Finish Cancel Help
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6. Select UL to set your work offset (G54) to the Upper Left corner of the top of the
stock, then press Next

Stock Dimensions

() Enter speific stock dimensions
I (®) Compute stock size from the size of the part I

Thickness
Width e
Imported Extra stock Stock size
Data size
Length: 8.5601 X[ 0.0000 | in, = §.5601
% | 0.0000 |in,

Width: 6.5378 Y| 0.0000 | in. =6.5378

+ | 0.0000 | in.

Thickness: 1.1250 -Z |p.oogp | in. =1.1250
47 | 0.0000 | in.

Preview

< Back ‘i?- FEinish Cancel Help

7. No to multi-axis positioning, Next, Finish
8. On the Automatic Feature Recognition wizard, select Next

Automatic Feature Recognition x
This wizard will go through every setup and recognize features in each setup.

Which solid would you like to recognize?

Options...

Verify

< Back Finish Cancel Help
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9. Next, then Finish
This part is programmed and ready to simulation

10. Select 3D Simulation and Play from the Simulation toolbar

i tE

Simulation in FeatureCAM is what actually produces the toolpath and generates the NC
code, so while the part was programmed we had not actually produced the toolpath until
that was simulated. As you simulate this, you will notice that FeatureCAM has defined all
of the necessary machining parameters for us, based on the definitions of the features
that the solid model gave it. The program is safe and you could cut a good part with it

Optimizing for 3 Axis Mills

As you watch the simulation from the part that we ran Automatic Feature Recognition on, you
will see that there are some things done that you may want to do different. Automatic Feature
Recognition is not an be-all-end-all solution, it will program parts like this well enough that you
could use the program to cut them. To begin with if you use Part Compare you will see that
AFR did not program the chamfers around the boss with the three holes in it, or around the
inside of the figure 8 pocket on the top.

In addition, when we are facing the part, we are not removing any material, this is the case
because we did not leave any material on the part when we defined the stock size yet we still
had AFR create a face feature. You may have also noticed that many of the pockets are done in
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multiple depths, rather than just cutting the pocket all the way to the desire depth before moving
on to the next pocket. All of these items can be modified by programming this part in a different
way — using Interactive Feature Recognition.

Automatic Feature Recognition Vs. Interactive Feature Recognition

1. If you are still in simulation, Eject E the simulation

2. Press Undo on the Main toolbar

You are now working from a clean slate again, no programming has been done.

3. To add material to the top of the part for our facing operation, Double-click on the
Stock in the graphics window

4. Fillin the Stock Properties as shown, and press OK
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Stock Properties - stock]

@ stock1

= Settings
|d->| Dimensions
e Indexing

|+ Dimensions & Indexing

Thickness (C)

®glock ALUMINUM
) Roun Hardness (Br): 111
(O N-sided uHP: 0.30 HP minfin*3
() User-defined
Stock Curve... ' Resize... Material...
Width (A) | 6.5378
Length (B) | 8.5601

+_'t| x|0.0000] v [o.0000 ]| z[o0.0250]

Concel | tonly

5. From the Steps menu select Features

Help
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4. Sufaces

7. Features

8. Toolpaths

Customize Mfg.
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6. Select Face, then Finish. Press OK

Mew Feature

What kind of feature would you like to make?
From Dimensions
) Hole
() Rectangular Pocket
() slot
O Step Bore
() Thread Miling

From Curve

O Boss

() Chamfer
() Groove
(JPocket
(OJRound

() side

From Feature

O Group
Cl User

Cl Pattern
() Toolpath

From Surface
() 5urface Miling

[[IMake a pattern from this feature
[JExtract with FeatureRECOGNITION

Create new setup...

< Back

oo .

Cancel

7. Select Features again from the steps menu
8. Select Boss and check the box named “Extract with FeatureRECOGNITION”, then

Next

Mew Feature

What kind of feature would you like to make?
From Dimensions
() Hole
(T Rectangular Pocket
(Cislot
() Step Bore
() Thread Milling
(JFace

Fraom Curve

(®) Boss

() Chamfer
() Groove
() Pocket
(_JRound
() side

From Feature

O Group
() User

O Pattern
(") Toolpath

From Surface
() surface Milling

Make a pattern from this feature
Extract with FeatureRECOGNITION

Create new setup...

Help

< Back

CET

Cancel

Help
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9. Choose Select side surfaces

Mew Feature - Feature Extraction

There are different methods to extract a feature. You can either select all the side surfaces, or connect
individual pieces, i.e., chaining, to construct the feature boundary. You can also use the top/bottom
horizontal surface to construct your feature.

Which method would you like to use?
(®) Select side surfaces
(O Use harizontal surface
O Automatic recognition
() chain feature curves
() Use herizontal section

| <Back [ Next> | o, | cancel | | Hep |

10. Once you are on the next page, then click in the graphics window to select the sides

that make up the boss with the three holes in it, then click the green il to add the
sides into the list
il |

Please select surfaces that consist of the feature you are areating.

face 55
face_56
face 57
face 58

[riide surfaces when finish

<gack [ dext> | ¥ Ensh|,| | Cancel | | Hep

# X+
i
n

11. Click Next
12. Pick Z location for the bottom of the feature
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MNew Feature - Location

To change the top and bottom Z locations of the feature, you can either enter the new values in the boxes
below, or dick the buttons and select the new locations.

Top:

Yool

Ne=m

Preview

| < Back || Mext ||ﬁ“5nish|,|| Cancel || Help |

13. Select the top face of the “figure 8” pocket/boss as shown

14. Click Finish and OK
15. Repeat the process above from step 7, but this time select the sides of the figure 8
boss shape as well as the sides of the boss with the three holes in it
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\ MNew Feature - Surfaces

Please select surfaces that consist of the feature you are creating.

face_44

# ¢

X2

-

[Jtide surfaces when finish

s [ | Hewl] [ e | [ v

16. Select Next then Pick Z location for the top

Mew Feature - Location

To change the top and bottom Z locations of the feature, you can either enter the new values in the boxes
below, or dick the buttons and select the new locations.

Top:
|

Bottom:

A (o7 ]

| <mek | Next> [FlEneh . Cncd | b

17. Select the top of the figure 8 boss/bore as shown
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18. Select Finish and OK

Run a 3D simulation if you would like to see the results of your programming.

19. Select Features from the steps menu again, then select Pocket and ensure Extract
with FeatureRECOGNITION is still checked

Mew Feature

What kind of feature would you like to make?

From Dimensions
JHole

(") Rectangular Pocket
()slat

(:} Step Bore

() Thread Miling

O Face

From Curve

D Boss
() Chamfer

() Round
() side

From Feature
D Group

D User

D Pattern
() Toolpath

From Surface
() surface Milling

Make a pattern from this feature
[] Extract with FeatureRECOGNITION

| Create new setup... |

|| @ Erish || | canet | |

Help
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20. Select Automatic, then Next
21. Fill out the Feature Recognition Options dialog as shown and press Select All

Mew Feature - Feature Recognition Options

Feature selection/construction options:

Exdude features smaller than: in.

[IMerge features of the same height into a single feature

[] add all new features into a group if there is more than one

Please verify and select features for your setup. You can use the buttons below to selectfunselect all
recognized features, or selectfunselect individual feature from the drawing window. Click Finish when you
are done.

= Select All Unselect All

< Back Mext = ﬁl Einish |, Cancel Help

22. Finish
The majority of the part is already programmed, we have just a few features left. 3D
simulate if you wish to see the progress.

23. Create a new Side feature, extracting it with FeatureRECOGNITION

24. Select the Automatic method

25. Select All, and Finish

26. Create a new Hole feature, extracting it with FeatureRECOGNITION

27. Select Recognize and construct multiple holes, and check the box Exclude holes
with diameter: and fill in the greater than box with 1
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Mew Feature - Hole Recognition Method

Which method would you like to use?
(") Extract a single hole or a pattern of holes

(® Hecognize and construct multiple holes?

[ IMake &ll holes be created at a constant z height

Elevation: I:I

[ IMerge disjoint holes

Exdude holes with diameter:
agreater than in.
smaller than I:l in.

| <pack || mMext»> | @ Fnen|, | cancel | | Hep

28. Select All, and Finish

We now need to make a minor modification to two features to include the chamfers that
AFR missed

29. Double-click on the boss feature that has the 3 holes in it from the graphics window

30. Add a chamfer value of .0625, then press OK
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Boss Properties - boss1

X
8 boss! || Dimensions  LF Location &g Strategy [ Misc
(] Settings
. |+ Dimensions
13 Locati
£ L’ St;telgo: Eghodc&we... i | Curves... | | X Section... Check surfaces...
o % Misc
=) Operations
--T8 rough
""" ;E :'S:If Draft Angle
...... amfer |0.0 |
\ — Height
Bottom Radius
| 0.0000
A [0

o] I I e ][]

31. Double-click on the figure 8 pocket feature from the graphics window

32. Add the value .0625 to the depth of the feature
33. Enter .0625 value in for the Chamfer
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Pocket Properties - pocket]

B pocketl

=] Settings

|++| Dimensions
L’; Location

g7 Strategy
Misc

[~ Operations
TS rough
TE finish

|| Dimensions  £3 Location g Strategy

Misc

Islands... ¥ Section... Check surfaces...
Draft Angle Chamfer
[0.0 REEE |
_| L Depth
Q-J T .1875+.0625
+
e Bottom Radius

2.

0.0000

oK Cancel

A [oom)

Preview Help

Apply

34. Select the Location tab and change the Z location to .0625

Pocket Properties - pocket]

B pocket1
(=] Settings
|++| Dimensions

L; Location

g% Strategy
Misc

(=) Operations

TS rough
TE finish
TS chamfer

35. Click OK
36. Run a 3D simulation

|#+] Dimensions 1-’; Location g5 Strategy Misc

Reposition the feature relative to the curve:

() Polar

il

Relative Position

E x |0.0000| v [0.0000] z[o0.0625]

Cancel

Preview Help

Apply
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Notice that the part is programmed in a much more efficient way now and we are fully
cutting all of the features.

Using tools that you have in your machine

Tools in FeatureCAM are automatically chosen for you from available tools in the tool
database. FeatureCAM installs a number of commonly used tools, but you have the
ability to customize the tool database to suit the needs of your shop. The ways that you
can customize your tool database are seemingly endless, but | would recommend that
you set up a tool crib of general use tools that you have available throughout your shop
for general programming. Further to this | would (and have) set up a tool crib for each
machine that you have. Below is a small list of the pros of defining your tool database in
this way:

e Easily switch your programs from one machine to another, FeatureCAM will
automatically update to tools that you have available on that machine

¢ Define tools in your tool crib that stay in each machine. If you are not using that
tool on a program, then FeatureCAM will not try to put another tool in that tool
slot in the machine

e Having a single general tool crib allows you to see what tools FeatureCAM
recommends you use in cutting certain features, which can be helpful if you are
not sure what tool to use.

To work with your tool database in FeatureCAM:

1. Select the Manufacturing from the menu and then select Tool Manager

I Options Window Help

.';'; Tocol Mapping...
|@ Procesz Plan... ]
t?l-. Setups..

Machining Configurations...
Machining Attributes..,

Post Process...

()= Juin

|ﬂ, Tool Manager...

Set Tool Crib...

Spindles and Tool Holders...

Materials 4
Feeds/Speeds and Cutting Data Tables...

= R

U2 Feed Optimization...

&

2. The Tool Manager is really separated into two sections
a. On the left you have From Crib: - which allows you to get tools from other
cribs you have created to populate the Current Crib
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b. On the right you have Current Crib — all of the work you do will be in the
Current Crib.

A few things to point out about the Tool Manager that are important:

e You can import an .xml file that you may have exported from FeatureCAM,
maybe on another computer. This also allows you to create a backup of your tool
crib(s) so you have one should anything happen to your local database or
computer.

¢ You can create new cribs on the fly and add existing tools from other cribs to the
new one to populate it from the start

e You can create new tools and fully define them as necessary

3. To set atool in a machine’s tool slot simply Double-click on the tool name in the Tool

Manager
Tool Manager *
From Crib: Tool Group: Current Crib: -
basic End Mill - basic
basicmetric basicmetric
Comilete.fm Tools_from_last_sa Comilete.ﬁ'n Tools_from_last_sa Cancel
Mew Tool. ..
List options
Sort by: Show only: Mew Crib. ..
MName b All e = Anything
Delete Crib...
Available Tools: Current Tools:
Copy Crib...
emBO0047:t10 ~ Select Al emBO0047:t10 ~
emBO0052:t1 emBO0062:t1 I Grad
eMBO0062:t10 =] [= emBO0062:t10 HEEi
emBO00e2:t1x emBO006e2:tlx
emBO0062:t2 Add = emBo0062:t2 Import...
emBO0062:t3 =
emBO0052:t5 emBO0062:t5
EMBO0DGZ:tT EELTE emBO00G2:t7 Soits
emBO007S:t3 b emBO0073:13 b
Properties...
Tool Parameters
Tool material CAREIDE
: Help
Tool finish BRIGHT
Dizmeter 0.2355in.
Shank diameter 0.2500 in.
Flutes 3
Cutter length 1.0000 in.
Overall length 3.0000 in.
End radius 0.0620 in.
Tool end type SINGLE
Cutting type CENTER

4. Select the Overrides tab and fill in the Default tool register sections
5. Click OK
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End Mill Tool Properties X

Endmil Overrides Coolant Holder Feed/Speed Pecking

Tool Name: emBO00D&2:t3

(® Only set Tool Post 1 (O set all Tool Posts

Tool Post and Spindle P1: Upper tool post

Default tool registers

v Cperations
Tool number El .

) . | Any Operation ~
Diameter offset register 0

Length offset register 0
Tool ID 0

Comments

[Jpepth of cut
[ stepaver

[Jramp angle

Cancel Apply Help

6. Click OK on the Tool Manager and select yes to save the crib
7. You switch which tool crib you are using on your program in two ways:
a. From the Tool Manager
i. Navigate to the Tool Manager
ii. Inthe From Crib select the crib you wish to use
ii. Click OK
iv. Click Yes to the dialog asking if you would like to switch from the
current crib to the one you selected.
b. On the Information bar in FeatureCAM

| x¥| Inch | Layer1| UCS Setupl | Setupl| HAAS-2.5D milling.CNC | Haas_VF_4 3 .m¢| tools | 4 cores

i. Select your active crib name (in this case “tools”)
ii. Select the crib you wish to use from the list

basicrmetric

tools

Completefm_Tools_from_last_save
| basic |

Teol Crib Dialog

-2.5D milling.CNC | Haas_VF_4_3_.md| tools |

Ordering Operations

Contained within Features, are operations; an operation is one of the steps necessary in
completing a feature. For example, a typical pocket will have a Rough milling operation
and a Finish milling operation(s). As you have seen, FeatureCAM creates these
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operations for you based on the feature definition that you provide. If you machine your
parts in the same order that you create the features that means that you will have to
program with that intent to ensure the features align in the order that you want them cut.
While this is the case with many Operation Based CAM system, this is not necessary
with FeatureCAM because FeatureCAM can automatically order your cutting operations
in a way that makes sense to machine. This ordering process is controlled through
Automatic Ordering Options

1. Select the Ordering Options button in the Results window — Op List

2. You can select multiple options in this window, the options are:
Minimize tool changes (default)

cooTw

peration List

O Automatic Ordering
@ Manual Ordering
R Operation

o finish
rough pass 1
finish
chamfer
spotdiil
spotdil
spotdril
drill
drill
drill
counterbaore
courterbone
cournterbone
rough pass 1
finish
rough pass 1
finish
chamfer
rough pass 1
rough pass 1
rough pass 1
rough pass 1
rough pass 1
rough pass 1
rough pass 1
rough pass 1
rough pass 1
rough pass 1
rough pass 2
rough pass 2
draft flat
rough pass 2
rough pass 2
draft flat
rough pass 2
rough pass 2
draft flat
rough pass 2
rough pass 2
draft flat
rough pass 2
rough pass 2
draft flat
rough pass 2
rough pass 2

¥ w=ircomn

Do finish cuts last

Feature

facel

boss3

boss3

boss3
pattem 1 hale 1
pattem 1 hole 1
pattem 1 hole1
pattem 1 haole
pattem 1 hale 1
pattem 1 hole1
pattem1 hole 1
pattem 1 haole 1
pattem 1 hole 1
bossd

bossd
pocket1
pocket 1
pocket1
pocket?2
pocketd
pochketd
pocketf
pocketd
pocketd
pochket 10
side1

side2

side3
pocket2
pocket?
pocket2
pocket3d
pocketd
pocketd
pochketd
pocketd
pocket4d
pocketf
pocketf
pocketf
pocketd
pocketd
pocketd
pocketS
pocketd

%] petmts | am nc

Cut higher operations first
Minimize rapid distance

A od 00O
Tool | Automnatic ordering options
facemill 3150 117.00 IPM
endmill M2100:reg 4566 IPM
endmill M2100:reg 45834 IPM
chamfer0312 15.60 1IPM
center_M2000-0800 14.321PM
center_M2000-0800 14.321PM
center_M2000-0800 14.321PM
TD_03320_Q: 14.321PM
TD_03320_Q: 14.32 1PM
TD_03320_Q:J 14.321PM
endmill M1300:req 45 66 IPM
endmill M1300:reg 4566 IFM
endmill M1300:reg 43,66 IPM
endmill 0750:reg 4366 IFM
endmill 0750:reg 4584 IPM
endmill M3200:reg 4527 IFM
endmill M3200:reg A5 48 IPM
chamfer0312 17.54 IPM
endmill 0500:reg 4566 IPM
endmill 0500:reg 43,66 IPM
endmill 0500:reg 4366 IFM
endmill 0500:reg 4566 IFM
endmill 1500:reg 4566 IFM
endmill 0500:reg 4966 IPM
endmill 0500:reg 4966 IPM
endmill 0500:reg 4566 IPM
endmill 0500:reg 43,66 IPM
endmill 0500:reg 4366 IFM
endmill M0700:req 28.66 IPM
endmill MO700:reg 2B.661FM
endmill MO700:reg 2866 1FM
endmill MO700:reg 2866 1FM
endmill MO700:reg 2866 1FM
endmill MO700:reg 2B.66IPM
endmill MO700:reg 2866 1FM
endmill M0700:req 28.66 IPM
endmill MO700:reg 2B.661FM
endmill MO700:reg 2866 1FM
endmill MO700:reg 2866 1FM
endmill MO700:reg 2866 1FM
endmill MO700:reg 2B.66IPM
endmill MO700:reg 2866 1FM
endmill M0700:req 28.66 IPM
endmill MO700:reg 2B.661FM
endmill MO700:reg 28.66 IFM
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4 axis mills

As we begin working through an example of 4-axis indexing and work into the tombstone
machining module, notice that the way we program flow and general interface appearance do
not change. We will continue to use the same types of features in 4-axis programming that we
used in 2.5D and 3-axis programming. The only difference is that we need to specify a rotary
direction now.

4-Axis Machining
1. Open the part FM4axis_CutterBody.fm

Note that we are working from a pre-turned or cast stock body in this case

2. Double-click on the Stock in the Graphics window
a. Alternatively, you can double-click on stock1 from the Part View in the
Toolbox
3. To make a part document become a 4-axis file we just need to select the Indexing
tab and select the options shown below. You can index around the X, Y, or Z axis.

Stock Properties - stock] X
@ stock || Dimensions @ Indexing
=1 Settings

|++| Dimensions

" Indexing (O No multi-axis positioning

Generate single program with program stop between

ning:

Index axis UCS STOCK. w
(®) Index around the stock X axis
(O Index around the stock Y axis
(O Index around the stock Z axis

(Z) Sth-axis positioning

Fixture Location

Index Axis Limits...

Operation Ordering
(O Tool-dominant
(®) Setup-dominant
Generate single program

Cancel Apply Help

We can continue to work from the steps menu, but | am going to start using other
toolbars that | have turned on.

4. From the Advanced toolbar select the New Feature Wizard icon

%K s el o]

5. Select Side and Extract with FeatureRECOGNITION
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6. The next dialog gives us the option of selecting where the feature reside, either along
the setup z axis or somewhere else around the index axis. Select Along the setup
Z-axis

Mew Feature - Feature Alignment

A feature can align either with the Z-axis of the current setup or radially around the indexing axis. Which
feature alignment do you want to use?

(O Around the index axis

| <Back |[ mext> |[B¥ensnl.| | cancel | [ Heb

7. Select side surfaces
8. Pick the surfaces shown

MNew Feature - Surfaces

Please select surfaces that consist of the feature you are

face_1150
face_1149
face_1171

E]=4:

[JHide surfaces when finish

9. Click Finish and OK

10. Create another new feature using the New Feature Wizard again
11. Select Side and Extract with FeatureRECOGNITION

12. This time select Around the index axis

We now need to either define the index angle or select a surface that we want
out index angle to be normal to
a. Select Normal to surface and the pick arrow
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Mew Feature - Feature Alignment

A feature can align either with the Z-axis of the current setup or radially around the indexing axis. Which
feature alignment do you want to use?

() Along the setup Z-axis
(®) Around the index axis

(") specify angles

Index Angle | O

@3

Pick surface]

[Ireverse directioft

| <Back [ mext> | @ e[, | cancedl | | Hep |

b. Pick the surface 90 degree counter clockwise to the side feature we just cut —
the dark blue axis will update and show you the new “Z” direction and “XY
Plane” after you select the surface

13. Select Next twice and select the side surface that make up that side cutout

A 3-D simulation after completing the second side should look like this
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14. While we are working on this second side, we should also cut out the insert opening,
Create a new side feature using the same techniques we used on the previous side
feature, only this time select the side surface of the insert opening.

finish

MNew Feature - Surfaces

Please select surfaces that consist of the feature youare a

face_1183
face_1187
face_1188
face_1185

# | X [+

[ Hide surfaces when finish

< Back Next >
1

15. Rotate the part counter clockwise and repeat the steps to create a side feature for
the large cut and the two insert pockets
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MNew Feature - Surfaces

Please select surfaces that consist of the feature you are area

face_1125
face_1128
face_1162

L# b 1+

[tide surfaces when finish

o> ]
w
rough [

finish

New Feature - Surfaces

Please select surfaces that consist of the feature you are cre

face_1123
face_1122
face_1121
face_1120
face_1117
face_1115
face_1115
face_1114
face_1118
face_1119
face_1127
face_1126

l# | X |+

[ Hide surfaces when finish

| <ok [ wew> [%
-

16. Follow the same steps to complete the remaining features of the part.

If you run a 3D simulation you will see that we forgot to cut the insert pocket on the first
side that we programmed.
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17. Program the remaining insert pocket — then we will program the holes
18. Start the New Feature Wizard again

19. Select Hole and Extract with FeatureRECOGNITION

20. Select Around the index axis and check the box for Automatic

MNew Feature - Feature Alignment

A feature can align either with the Z-axis of the current setup or radially around the indexing axis. Which
feature alignment do you want to use?

() Along the setup Z-axis
(®) Around the index axis
[#utomatic

Specify angles

Marmal to surface

hed

Reverse direction

< Back w - Cancel Help
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21. Select Next twice
22. Select All and Finish

Mew Feature - Hole Recognition Options

Haole selectionfconstruction options:
[indude partial holes (e.q. corner relief holes)
Exclude hidden holes
Merge holes of the same parameters into & pattern

Add all new holes into a group if there is more than one

Please verify and select holes for your setup. You can use the buttons below to selectfunselect all
recognized holes, or selectfunselect individual holes from the drawing window. Click Finish when you are
done.

E Select Al Unselect All

< Back Mext = '@‘- Finish | . Cancel Help

23. Run a 3D simulation — the part is complete!

Page 34



!}/! AUTODESK UNIVERSITY

Tombstone
FeatureCAM makes machining multiple parts on tombstone setups easy (used in both
horizontal and vertical mills). In FeatureCAM you program your part as an individual
part then simply add it to a Tombstone file. FeatureCAM will re-order the operations in
the tombstone file to follow the automatic ordering options that you have set in the
tombstone file. You can tell FeatureCAM to cut everything on one Setup of the
tombstone before moving on to the next setup, or you can tell FeatureCAM to cut
everything it can on all setups in the tombstone file while it has the tool in the spindle. In
other words, while the tool is in the spindle, it will use it everywhere it has been
assigned to machine. This could result in more tombstone rotations however.

Let’s take a look at tombstone machining on a horizontal mill.

1. Open the file Assem1.fm

2. The .fm file contains a single programmed part, notice that there is work being done
on the 3 sides of the part that are accessible (not mounted to the fixture)

3. Start a New Part Document and select Tombstone Fixture

New Part Document X

Type:

w TurngMill

& Vertical MillTurn
a Milling Setup
0 Wire EDM Setup
4’ Multiple Fixture

=

|
a . Simulation Machine Design

w Swiss Turning

Unit of Measure: (® Inch
(O Millimeter

Initial stock dialog: (®) Wizard
() Properties
O MNone

[Jsave as default

Cancel Help

4. Click OK since we need to define the tombstone size before we add parts to it
5. Select Step 1 - Tombstone
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il

E

1. Tombstone

[
]

2. Feture |D

=i

|

3. Parts

4. Toolpaths

5. NC Code

|
1 a‘
A

Customize Mfg.

6. Fill in the Tombstone dimensions as shown to define the actual tombstone
dimensions you have in your machine.

Tombstone Dimensions >

Axis of rotation: IT'
()% Axis {vertical machining center) Number of faces: | 4 Iil
JE=

(®) ¥ Axis (horizontal machining center)
Width of Face1

5]

Length:

£

¥
G I Width of Face2
.

7. Click OK
8. Select Step 3 - Parts
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il

E

1. Tombstone

[
]

2. Fodure D

=i

|

4. Toolpaths

o b

Customize Mfg.

9. Select Add To All

Tombstone Process Plan >

Tombstone faces

(®) Tool Dominant

! : ! Setup Dominant

Part Mame:

[TsF1 |

[ oc 10 aev [ ree |

Page 37



!;A/lQ AUTODESK UNIVERSITY

10. Click Next 4 times

11. Fill in the Part Location. You can offset from the Left edge, the top edge, and even
from the face of the tombstone (distance from the tombstone face to the setup/stock
thickness) that you defined previously.

Part Location >

Where is the arigin of the primary setup located on the tombstone?
Offset from left edge:

b ﬂ} Offset from top edge:

5 I Offset from z

. tombstone :Ij
e —— —

Prewview

< Back Cancel Help

12. Next, then Finish
13. Run a 3D simulation to see how FeatureCAM automatically re-orders the operations
in a way that makes sense to machine on the tombstone.
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Turning Heads Machines
One of the many machine types that FeatureCAM is capable of programing is the
turning heads machines. Oftentimes these machines are very large horizontal machines
that have the ability to offset a turning tool from the spindle and rotate to cut simple
diameters, faces, etc., but not always. In addition, there are a few turning heads
attachments for vertical mills, some that even allow for multiple tools to be attached to a
single turning head. We will look at an example like this.

1. Open the file TurningHead.fm

2. Start a new side feature, extracting with FeatureRECOGNITION and using side
surfaces

3. Select the small side surface shown

Mew Feature - Part Surfaces

The Surface Milling feature requires one or more surfaces to define the are
already created surfaces for your feature, select them here.

L+

face_94

ll face_96
&

|#

%l

If you have not yet created surfaces, you need to do so before creating y
wizard to create surfaces.

< Back ¥ Finish |,

4. Accept all of the defaults for this feature by selecting Finish
5. Start the New Feature Wizard and select Round then Next

6. Select the curve round from the Part View and click the il
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Mew Feature - Curves

This feature requires one or more curves to define the area to be machined. If you have already
created curves for your feature, select them here.

ﬂ round
x|

& )

Curve chaining...

If you have not yet created curves, you need to do so before creating your feature,

< Back Y“‘- Finish |, Cancel Help
7. Select Next 3 times, enter 1 for the radius size

Mew Feature - Dimensions

Enter the dimensions of the Round:

. =

Preview

< Back Yﬁ" Einish |, Cancel Help

8. Finish

9. Start the New Feature Wizard and select Hole, make sure Extract with
FeatureRECOGNITION is unchecked, then Next
10. Fill in the dimensions as shown
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Mew Feature - Dimensions

What type of hole would you like to make? Plain Hole it

Enter the dimensions of the Hole:

Chamfer

t r
/ il Depth
60,000
Through
/55 i
=]
B v 1\ T-{1—
|
= Back Next > @ Finish |, Cancel Help

11. Finish

At this point, all we have left to program are the two profiles, one on the outside and one
on the inside. To program these we will need to use FeatureCAM Advanced
Programing Interface (API) and activate a User Defined Feature

e Select Options = Add-ins
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Viewing...

1 Surface Shading...

Simulation...

Coloring

2 Chaining...

Feature Recognition...

Skip Teolpath on Error
Parametric Modeling
Multiple Regions

)| Snapping Modes...

=8 Snapping Grids...

Turning Input Modes
Warp Dialogs

File Opticns...
Decimal Places...
Save Settings Mow
Beload Settings

Save on Exit

Add-Ins...

Update Op-List...

Core Usage...

Click on Library
Search for Turning
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Add-in Library *
Choose the Add-ins you want to load or unload.
Search:
| Turning| Description:
(S User Defined Features Load
“n TumingHeadCS il
Unload
[ indude Programming Examples
Cancel Help
e Select TurningHeadCS.dll and select Load, then click OK
Add-in Library
Choose the Add-ins you want to load or unload.
Search:
| Turning Description:
Custom Turn/Mill User Defined Load
Feature. Select a profile curve,
choose to use arough and finish Unload
pass, choose a rough stock curve,
acycle type, and cut direction.
[include Programming Examples
Corcel | | e

e Click OK again

We are now ready to use the Turning Heads User Defined Feature
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12. Start the New Feature Wizard and select User then Next

Mew Feature

What kind of feature would you like to make?
From Dimensions
O Hole
(O Rectangular Pocket
() slot
O Step Bore
() Thread Milling

) Face

From Curve

O Boss

() Chamfer
O Groove
(O Pocket
) Round
() side

From Feature

O Group
®

(O Pattern
() Toolpath

From Surface
() Burface Milling

[IMake a pattern from this feature
Extract with FeatureRECOGNITION

eate new setup...

10

< Back ‘@- - Cancel Help

13. From the list Select Turn Head then Next
14. From the Part View select curve_od then click the ﬂ then click Next twice

MNew Feature - Curves

This feature reguires one or more curves to define the area to be machined. If you have already

created curves for your feature, select them here.

ﬂ curve_od
x|

oy

Curve chaining. ..

If you have not yet created curves, you need to do so before creating your feature,

< Back L . Cancel Help

15. Fill in the user defined feature properties as shown

Note: Finish Pass is not turned on by default, so be sure to switch it on
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Mew Feature - User defined feature

Enter the values for the Turn Head'

Cimension Value
Profile curve_od
Toolpath Type oD
Rough Stock Curve
Rough Pass True
Finish Pass True
Cyde Type Turn
Cut Direction Megative
U Axis Sign Positive
Version 6.0
Set
Unset
Reset All
Mew Value: I Preview

< Back . Finish |, Cancel Help

16. Click Finish
17. Repeat the steps from step 12, this time be sure to select curve_id from the Part
View and fill in the User Defined Feature Properties as shown

Mew Feature - User defined feature

Enter the values for the Turn Head'

Dimension Value
Profile curve_id
Toolpath Type jin]
Rough Stock Curve
Rough Pass True
Finish Pass True
Cyde Type Turn
Cut Direction Megative
U Axis Sign MNegative
Version 6.0
Unset
Reset All
Mew Value: Prafile Preview

< Back Y:F- Einish |, Cancel Help

18. Select Next three times
19. Select the tool WS_Grv_4m_Round_RH_Small then click Next 4 times
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Mew Feature - Tool Search

T2 turn head vturn_udf_rough

Crientation: |a+e Anvything v|
Insert Shape: |* Anything V|
Presentation Angle: | Anything - |
Mame 4 'i] E]' Ang Tipr. Width Type Length  Unil
] TD_M1600:] - o 132, mm
®lWS_Grv_4m_Round_RH_Small
] wWS_Turn_35m_RH_TurnHead o | 1'27 5.0 1,000 0,000 Turning 90,000  mm
< b3
[ ]Recent tools

Click to create a new tool G|

< Back ¥ Einish |, Cancel Help

20. Select the same tool for the Finish Operation, then click Finish

21. Run a Machine Simulation @ to see the two tools work in the turning head

22. After the rough operation of the OD profile runs you will get a gouge warning that
pauses the simulation

Possible Gouge

The solid named 'a stodk' has collided with the
solid "W5_Turn_35m_RH_TurnHead'.

The simulation is now in 'pause’ mode,
Select the simulation ‘play’ button to continue.

|:| Don't pause on gouge again.
[ ]Don't show this dialog again.

23. Click OK and continue to run through the simulation
24. You will get another gouge warning after the finish operation runs on the OD. If you

continue to OK these warning and eventually make it to the ID, you will see that
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there is very little left of the part. To remedy this, we need to tell FeatureCAM where
to end the toolpaths (both rough operation and finish operation) on the OD profile
a. Stop or eject your simulation
b. Double-click on the OD profile turning head feature (either in the graphics
window or in the Part View — this will open the properties of the feature
c. Select turn_udf_rough then select the Turning tab. Finally select the End

point = attribute and select the Pick Point _"l arrow

Turn Head Properties - turn_head1

B tum_headl
B Settings
|++| Dimensions
I Location
Misc
Operations
----- TE tum_udf_rough

Tools  Tool Usage Feed/Speed Coolant PostVariables Turning

Attributes  turn_udf_rough

Boundary (face side) =
Boundary {max radius) =
Boundary (spindle side) =
Clearance = 3.000
Depth of cut = 5.000

0
Engage angle = 0.000
Priority =

Start point =

Tool change location =
Withdraw angle = 45.000
Withdraw length = 0.500
¥ finish allowance = 0,100
Z finish allowance = 0.100

x
[ constant DOC
[rapid at % feed
[ skip wall pass
Reset All -|

MNew Value: | |

|l| i!l Set I Unset

Apply Preview J Help J

d. You will see a point in the graphics window, select this point
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e. Repeat the process for the turn_udf_finish then click OK
25. Run a Machine simulation to see the completed part using a turning head with two
tools mounted in it.

5 axis mills

FeatureCAM is capable of programming complex 5-axis milling machines, both positional and
simultaneous. In this example we will see how programming using Features makes
programming complex 5-axis parts simple, and how we still program using the same features
that we did in 3-axis.

1. Open the part 5-axis start.fm
If we look at this part, you will see that the current (finished) design state is not particularly
suitable to an initial machining operation, before we begin we will clean up this part to get some

better machine-able surfaces. We will utilize FeatureCAM'’s solid modeling capabilities to do
this.

2. Pick one of the purple surfaces

3. From the Edit menu choose Select by color/type...
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JG ' Undo Ctrl+Z
Bedo Ctrl+
| @ Cut Ctrl+ X
! Copy Ctrl+C
. Paste Ctrl+V
Paste Special...
.| Delete Del
(| Eind.. Crl+F
Replace... Ctrl+H
C Select r
Select All Ctrl+ 4
Unselect All
: Select Circles...
: o Select by Color/Type...
Transform...
Rename... F2

Change Layer...
SCL Code..,

P

N Properties...  Alt+Enter

4. Click OK all of the purple surfaces will be selected
5. From the Construct menu navigate to Solid - Manufacturing - Delete Face

Paint

Line 4
Circle 4
Eillet 4
Arc 3
Curve L4
Dimension 4
Surface 4

Solid
UCs..

Solid Wizard...

From Curves 4

From Surfaces 4
Modifiers
Manufacturing

Restart ESC

Edit Geometry ’ x z
Silhouette Lines

New Feature... Ctrl+R :

B Verify Solid... Lo/l

Pattern and Group 4 Split face

Part Library... Delete face |
Automatic Feature Recognition... Explode
Rerecognition Wizard... Parting Surface

I| | Draft Face
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6. Select the Modify existing solid radio button and select the checkbox Heal remaining
faces. Then click OK

Delete face

*

Solid

Mame: solid365 () Create new solid
(® Modify existing solid
Face:

[ Heal remaining faces e ~ il
face_5470 El
face_5469
face_5468 ﬁl
face_5467
Form CAEE e

[ok ] cancel || apy || Hep |
7. Select one of the blue holes
8. Repeat steps 3-6
1
Delete face X
Solid
Name: (O Create new solid
(® Modify existing solid
Face:

Heal remaining faces face 2

face_5425
face_s424
. 8 face_5423
face_5422
Earm CATA N

o | [ cant | [ row ][ e |

9. On the back of the part, you will notice a pink pocket. Select one of the surfaces and
repeat steps 3 — 6 again.

l# X+
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Delete face X

Name: solid3a5 (O Create new solid

(®) Modify existing solid
Face:

Heal remaining faces face A il
face_5443 x|
face_5442
face_5441 _Ia
face_5440
Farn £azn A

< Back Next > ‘ %1 Finish ‘,‘ | Cancel | | Help |

We now have a part that has much better initial machining surfaces. Before we begin machining
this, we should add a vice to this part file so that we can create accurate toolpath and still be
able to hold on to the part. To do this, we will utilize FeatureCAM API again, and use an add-in
to import the vice and mount the part/stock in the vice.

10. Navigate to Options - Add-ins...

2t | Viewing...

Surface Shading...
Simulation...

Coloring k
Chaining...

Feature Recognition...

Skip Toolpath on Error
Parametric Modeling

Multiple Regions

Snapping Modes...

i Snapping Grids...

Turning Input Modes k
Warp Dialogs

Eile Opticns...
Decirmal Places...
Save Settings Mow
Beload Settings

Save on Exit
Add-Ins...
Update Op-List...

Core Usage...
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11. Click on Library
12. Search for import and select Import_Vise.bas
13. Click Load, then OK, then OK again

Add-in Library X
Choose the Add-ins you want to load or unload.
Search:
| import Description:
- Lhilties Add-In allows userto Import a vise Load
L into the active document

[Jindude Proaramming Examples

I oK I | Cancel | | Help |

14. FeatureCAM will create a button for the import vice macro, it should be located in the top

right of FeatureCAM and will look like this w click on this button
15. Fill out the form as show — note the checkbox for Add parallels and the size of the

parallels we are using

9 Import Vise — O *
Help

Ve |Kurt HD630 |

Part posttion in vise: |Cer|ter hl |

Part along: ® X [k il

X offset from position:

Amount of part held: 0.0

Jaws position: |St°°k i |

Altemative holdir

Add parallels

Parallels dimensions: 0.125 L6.000 T0D.875] w
W 0.125 L|& T [0.875 Metric
Impart | | Cancel | | Help

O liorary

il

Savet
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16. Click Import

17. Select Setup2 from the Part View

18. Select all of the Vice components, right click and select Use Solid as Clamp
19. Select Setup3 from the Part View and repeat step 18

20. Select Setup1 from the Part View

21. Select the entire part for machining

22. Start the New Feature Wizard
23. Select Surface Milling then Next twice
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Mew Feature

wWhat kind of feature would you like to make?

From Dimensions From Curve
(I Hole (") Boss
(O) Rectangular Pocket () Chamfer
() slot () Groove
() Step Bore () Pocket
() Thread Miling () Round
(OFace O side
From Feature
O Group
O User
O Pattern
() Toolpath
From Surface
(®) Surface Miling

Extract with FeatureRECOGNITION

Create new setup...

< Back ?- Einish |, Cancel Help

24. Select Choose a Single Operation
MNew Strategy

What do you want to do?
() Choose rough, semi-finish, and finish operations to completely

machine this feature
(®) Choose a single operation

< Back ?- Einish |Y Cancel Help

25. On the next page, select Z level under Roughing Strategies, then click Next
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Mew Strategy

What kind of strategy would you like to use?

Finishing Strategies Spedalized Strategies
(CiParallel {_JHorizontal + Vertical
(O1Z Level (_)Corner Remachining
(O Isoline (iPend

("1 2d spiral

(12d spiral () Swarf

(O radial (") 5-Axis Trim

() Flowline (C)5teep and Shallow
O Between 2 curves

Roughing Strategies

@ZLevel

(IPlunge

(CiParallel

<« Back ‘{5'- Finish | _ Cancel Help

26. Select Remachining...

Strategy

Operation Options
®Hought ® Offsetfspiral
() Finish () Continuous spiral

() Zigzag

Profile contour
0.0
(O vartex
Classify slices as:
() 3D pocket

[ Remecining.. || ©boss

[JHolder collision dipping

< Back %‘- Finish | Cancel Help

27. Select the Multiple tool diameters radio button, then fill in the tool diameters as “.75,.5”
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B Z-Level Rough Remachining Options

Select a Z-4evel roughing remachining technigue.

O Mone
(®) Multiple tool diameters
Tool diameters .75,.5| i
O Step cutting
Skep up ir.
Detect raterial thicker than i,
Expand area by i,

Increase feed for intermediate steps

Maimurn Feed increase

Cancel

00,0000 Yo

Help

28. Click OK
29. Select Finish

30. From the Surface Milling feature properties select the first roughing operation and select
the tool endmill0750:high+

Surface Milling Properties - srif_milll

-_ sf_mill1

(= Operations
Bﬂ) z level
TE rough2
95 rough3

31. Select the Milling tab

Tools  Ffs Coolant Post Variables Miling Leads

Criteria to restrict tools in list:

Tool Group: | || FlatEnd Endmil v|
Diameter: | Anything v |
End-Radius: | Anything w |

A A g [[IRecent tools

Name 4 Diameter End. Cutt. Exp.

B endmillo750:high 0.7500 2 16250 2.3

) endmill0750:high+ 0.7500 3.7500

[ endmill 2000:high+ 2.0000 4,0000 6.0,

£ >
Cancel Apply Preview Help

32. Select the attribute Z end and select the pick arrow
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Surface Milling Properties - srf_mill1

[@ sf_mill
- Seftings
|| Dimensions

=1 Operations
=15y zlevel

T8 rough3

Tools  F/S Coclant Post Variables  Miling

Attributes  rough2

Check allowance =

Check axial alowance =

Corner radius % =

Finish allowance = 0.0500

Finish axial allowance =

Holder Collision Clipping = False
Index X coordinate =

Index ¥ coordinate =

Index Z coordinate =

Machine Maximum Stock = False
Max. ramp distance =

Min rapid distance 3% = 400.0000
Orientation angle =

Flunge feed override % = 50.0000
Priarity =

Rough pass stepaver %6 = 33,3000
Stepover rapid distance =
Target horsepower =

Tolerance = 0,0050

Toolpath corner %6 = 0.0000
Total stock =

Zincrement =
Zstart =

x

Leads

S-axis position:

|Stzndard ~
[ rrochoidal cut

Reorder

Flat surface support:

New Value: | |

(o ]

Cancel

33. Pick the top of one of the jaws, since we do not need the roughing operation to go below

this

34. Select the second roughing operation and select the tool %z inch .0625 rad
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Surface Milling Properties - srf_milll X

B sf_mill Tools  Ffs

Coolant Post Variables Miling Leads
eftings

|++| Dimensions
----- L} Location Criteria to restrict tools in fist:
; Tool Group: | # Anything V|
[=)- Operations ) -
933 2 level Diameter: | Anything v|
T8 mugh? End-Radius: | Anything V|

5 rough3

A R [JRecent tools

Name 4 Diameter End. g Cutt. Exp.
% 1/2 inch 5 rad 0.5000 2 2.0000

[ endmilo750:high 0.7500 2 16250 2.3

[ endmilo750:high+ 0.7500 0.0. 2 3.7500 4.0,

1 endmill 2000:high+ 2.0000 0.0. 2 4.0000 6.0,

[ endmilB0500:4reg 0.5000 0.2 4 12500 1.7

< >

Cancel Apply Preview Help

35. Select the Milling tab
36. Select the attribute Z end and select the pick arrow

Surface Milling Properties - srf_mill2 *

Tools  F/S Coolant PostVariables Miling  Leads

Attributes  roughl

Check allowance =
Check axial allowance =
Finish allowance = 0.0500 Standard ~
Finish axial alowance =
: *Holder Collision Clipping = False
T8 rought Index X coordinate =
Index Y coordinate =
Index 7 coordinate =
Machine Maximum Stock = False
Max. ramp distance =
Min rapid distance % = 400.0000
Crientation angle =
;r.i.l:’?;fied override % = 50,0000 T
*Rough pass stepover % = 15
Stepaver rapid distance = FemEitius
Target horsepower = Cutput Options. .
Tolerance = 0,0050
*Zend = 700
Zincrement =
Estart =

5-axis position:

Reset Al

New Value: 1.1700 +~ Set Unset
Cancel Apply Preview Help

37. Pick the surface shown
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N

38. Click OK
39. Right click on Stock Models in the part view and select Add Stock Model

t. Setup3

@ Stock Models v

-~ Curves | Add Stock Model
3 Surfaces |

HE [

40. Fill in the form as shown and click OK

Add Stock Model >

MName: 5M1 | ok |
ize: 0.0500
Step Size Cancel
Tolerance: 0,0050
Help

Create stock model from
() Stock
() Solid
| original e |
(st
| v]
(®) Operation results

| f mill1, rough3 -z level o |
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41. Select Setup2 from the part view

42. Select the whole part for milling

43. Start the New Feature Wizard

44. Select Surface Milling then Next twice
45. Choose a single operation then Next

Mew Strategy

What do you want to do?
() Choose rough, semi-finish, and finish operations to completely

machine this feature "'_?

< Back ﬁ“ Finish | . Cancel Help
46. Select Parallel from Roughing Strategies
New Strategy

What kind of strategy would you like to use?

Finishing Strategies Spedalized Strategies
() Parallel (O Horizontal + Vertical
(O Z Level () Corner Remachining
() Isoline (O pend

() 2d spiral

() 3d Spiral (O swarf

() Radial () 5-Axis Trim

() Flowline (C) 5teep and Shallow

(C) Between 2 curves

Roughing Strategies
(O Z Level
() Plunge

®paralel

< Back ﬁu Finish |, Cancel Help

47. Select Finish

48. Select Parallel from the Feature Properties tree
49. Select the Stock tab

50. Fill out the Stock tab as shown
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This will allow FeatureCAM to reference the current rough stock condition after the first
two tools cut for this toolpath so we do not overcut the model in areas that we have
already cut

Surface Milling Properties - sif_mill2 >
B i mil2 Strategy Edges 5tock  Slopes  Surface control
[ Settings

|++| Dimensions

'L*, Location Choose the dipping curves for the material to be removed

Process () Use part surface dimensions

[ Misc (8) Use stock dimensions

= Opergtions
- 5y parzliel Overcut % | 100
rough Use solid model

@ original 0.00000

() Select curves for boundaries Curve Options. ..
Stock Model | SM1 b |
Operations prf mil_rough3 -z level R

Stock Model Options...

Save Combined Boundary. ..

Cancel Apply Preview Help

51. Select the roughing operation, then the Milling tab
52. Set the Rough pass stepover % to 15 and the Z end to -1.17

Surface Milling Properties - srf_mill2 >
B sf_mil2 Tools  FfS Coolant PostVariables Miling  Leads
[=)-- Settings

|++| Dimensions

‘L*, Location Attributes  roughl

g7 Process

Check allowance = ©-zxis position:

Misc Check axial allowance = P

= Operations Finish allowance = 0.0500 Standard e
- Gy parallel Finish axial allowance =
TS rought *Holder Collision Clipping = False

Index X coordinate =

Index Y coordinate =

Index Z coordinate =

Machine Maximum Stock = False
Max. ramp distance =

Min rapid distance % = 400.0000
Orientation angle =

Plunge feed override % = 50.0000 e
Priority = Direction...
* Rough pass stepover % = 15

Stepover rapid distance = FemEiiLas
Target horsepower = Output Options...
Tolerance = 0.0050

Zincrement =

Zstart =

Reset Al

Mew Value: Y Set Unset
Cancel Apply Preview Help

53. Click OK

A 3D simulation now will show you the rough state of your part
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54. Select Setup1 from the part view
55. Start the New Feature Wizard
56. Select Side and Extract with FeatureRECOGNITION then Next
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Mew Feature

What kind of feature would you like to make?

From Dimensions From Curve
(O Hole (_)Boss
() Rectangular Pocket () Chamfer
() slot (O Groove
() step Bore () Pocket
() Thread Milling () Round
() Face (®) Side
From Feature
() Group
O User
O Pattern
() Toolpath
From Surface
(O surface Miling
Make a pattern from this feature

[ Extract with FeatureRECOGNITION:

| Create new setup... |

< Back I Mext = I||§"Einish|v| | Cancel | | Help

57. Select side surfaces then Next
58. Select the side surfaces shown then Next twice

New Feature - Surfaces

Please select surfaces that consist of the feature you are creating.

| [ face_s415
x| | face_5414

Delete from selected tems ’7
[OHide surfaces when finish
| <Back |[Wext> | [Hlenish|,] | cancd | | Hep |

59. Pick the arrow for Bottom and select the top of one of the jaws and remove .05 from
that value
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MNew Feature - Location

To change the top and bottom Z locations of the feature, you can either enter the new values in the boxes
below, or dick the buttons and select the new locations.

Top:
LY ‘
Bottom: 1

Nz

Preview

< Back ﬁl Finish | . Cancel Help

60. Click Next twice
61. Uncheck Rough Pass since we already roughed the part then click Finish

Mew Feature - Strategies

What strategies would you like to use to cut this Side feature?

Climb mill [CIMinimize tool retract
[ individual rough levels [IPartine program
Depth first [CIFinish cutter comp.
Operations
[CPre-drill

]

Stepover type:

Bi-directional rough NT Spiral W
Finish pass
NT toolpaths [CIFinish bottom
[ semi-finish pass
[ use finish toal NT Spiral

Ramp from top

< Back ﬁ“ Finish | Cancel Help

62. Select the surfaces that make up the contoured inside of the part
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63. Start the New Feature Wizard and select Surface Milling then Next twice
64. Select Choose a Single Operation then Next

65. Select Steep and Shallow from the Specialized Strategies then Next

MNew Strategy

What kind of strategy would you like to use?

Finishing Strategies Specialized Strategies
O Parallel (O Horizontal + Vertical
Oz Level () Corner Remachining
(O 1soline (O Pendl

() 2d spiral

() 3d spiral

O Radial

(") Flowline

O Between 2 curves

Roughing Strategies
Oz Level
(O Plunge
O Parallel

< Back ﬁ" Einish |v Cancel Help

66. Fill in the Overlap distance with .1 then Finish
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Strategy

Operation Options

Rough Threshold angle 30.0000
Finish Overlap distance in.

Order: Steep
ot [ continuous spiral
(O Steep first o

(O Parallel
Wall Clearance I:I in.
Raster Angle (® Automatic

O 0.0000

(®) 3D spiral

[]smoothing

[ continuous spiral

[Holder colision dipping
Machine maximum stock

< Back ﬁu Finish |, Cancel Help

67. Select Setup3 from the Part View

68. Start the New Feature Wizard

69. Select Side and Extract with FeatureRECOGNITION then Next
70. Select Side Surfaces Then Next

71. Select the surfaces shown

R Operatiol
P rough2-

un
l¥ o-r

Please select surfaces that consist of the feature you are creating.

| [ Face_s452
5| | Face_s413

face_s417

@ | | face_s448 ﬁ
face_5418 e
face_5416
face_5449 e

l# [x

[Jtiide surfaces when finish

< Back Next> || & Einish |,
1

72. Select Next twice
73. Pick the Bottom from the model as shown then click Next twice
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New Feature - Location

To change the top and battom 2 locations of the feature,
below, ar dlick the buttons and select the new locations.

Top:

x| 3]

74. Uncheck Rough pass then click Finish
75. Select the Finish operation from the Feature Properties and choose the tool
endmill0750:high+

Side Properties - side2 *

-: side2 Tools  Fjg

Coolant Stepovers Plunge PostVariables  Miling

~|4+#| Dimensions

-1} Location Criteria to restrict tools in ist:
7 Strategy

g Side control Tool Group: | || Flat End Endmil - |
Misc:

pions Diameter: | Anything b |
T8 finish - | pere— v|

AR [JRecent tocls

Mame 4 Diameter End. g Cutt. Exp.
D endmillo750:high 0.7500 0.0. 2 16250 2.3,

(%] = dmillo 750:high +

[ endmill2000:high + 2.0000 0.0. 2 40000 6.0,

< >

Cancel Apply Preview Help

76. Run a 3D simulation. Everything that can be machined from this setup/orientation of the

part is completed.

Turn and Turn/Mill

Turning and Turn/Mill in FeatureCAM is just as easy as everything else we have seen so far.
FeatureCAM utilizes common terms for turning, such as turn and bore to ensure that you are
able to understand the feature types. You will also see that when you are milling in turn/mill, you
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will be working with the same feature types that you have been in all milling documents.
FeatureCAM turn and turn/mill has support for single turret, multi-turret, single spindle, sub-
spindle, tailstock, steady rest, as well as B-axis heads.

1. Open the part Hole syncronization.fm
2. Let’s use Automatic Feature Recognition to program as much of this as we can
3. Navigate to Construct > Automatic Feature Recognition

I Manufacturing Options Wind

#  Point

i Line

| Circle
Fillet
Arc
Curye

! Dimension
Surface
Solid

& ucs.

b AL, A T it THES, At TR

Edit Geometry r

& MNew Feature... Ctrl+R.
Pattern and Group r
&5 Part Library...
w Automatic Feature Recognition...
%! Rerecognition Wizard...

Select Next twice

Click Finish

FeatureCAM has created features for everything except the holes around the OD of the
part

ook
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7. Start the New Feature Wizard and select Turn/Mill then Next

8.

MNew Feature

What kind of feature would you like to make?

From Dimensions

() Rectangular Pocket
() slot

o Step Bore

() Thread Miling

O Face

From Curve
() Boss

(Z) Chamfer
() Groove
(O Pocket
() Round

() Side

From Feature
O Group

O User

O Pattern
() Toolpath

From Surface
() Surface Milling

Make a pattern from this feature
Extract with FeatureRECOGNITION

Create new setup...

Notice that this window is exactly the same as what is used in Milling

Select Hole and Extract with FeatureRECOGNITION Then Next

Help
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9. Select Around the index axis and check the box for Automatic then Click Next twice
10. Click Select All then Finish

11. Start the New Feature Wizard and select Turning then Next

12. Select Cutoff then Next

Mew Feature

What kind of feature would you like to make?

From Dimensions From Curve
JHole ) Turn
() Groove ("JBore
() Thread (D) Groove
O Fau () Thread

O Bar Feed

(") Part Handling
O User

() Sub-spindle
() Toolpath

(") Misc.

< Back ,ﬁ“ Finish | . Cancel Help

13. Select the Transfer to sub spindle option and click on the button Transfer
Parameters
14. Fill in the Dialog as shown

Dialog e

t—6—

Gral:: distance (G)

W_{ Feed distance (F)

Pull distance (F)
Conc

15. Click OK and Next
16. Pick the back face of the part then Finish
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Mew Feature - Location

Where do you want the Cutoff to be located?

Position
*h;l'- 0.0 ¢ 0.0 7 | T

Preview

< Back [#¥ Einish |, Cancel Help

17. A machine simulation will show the part being transferred to the sub spindle while it is
cut off
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Save this file as we will use it a bit later on when talking about optimizing your turn/mill

programs

Swiss Turning

-_—

R

Open the file FCAMSwiss_Example2_Start.fm

Open the Stock Properties. One of the things that defines Swiss style machines is
the sliding headstock. In FeatureCAM, this is done with the help of the .mtd file,
machine simulation, and a checkbox in the Stock Properties, Indexing tab. Here you
will notice a checkbox for Swiss Turn. This is already checked in this file, so no

need to do anything here.

Stock Properties - stock]

@ stockl || Dimensions @ Indexing
(=) Settings

|e+| Dimensions

§ Indexing (C) No multi-axis positioning

ring
Index axis UCS STOCK v
Index around the stock X axis
Index around the stock ¥ axis
(®) Index around the stock 7 axis
Vertical Mill/Turn
Swiss Turn
Operation ordering

Generate single program for all setups

Index Axis Limits...

Start the New Feature Wizard and select Turning then Next
Select Face then Finish

Start another new turning feature and select Hole

Fill in the dimensions as shown

Help
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Mew Feature - Dimensions

What type of hole would you like to make? Plain Hole -

Enter the dimensions of the Hole:

Chamfer

[ Through | — .-

Diameter %\ > #459

ER

Preview

< Back ﬁ' Finish | .. Cancel Help

7. Finish

8. Notice the "5 next to the chamfer operation — this means that we have something
that we need to fix. If you select the chamfer operation, you will see that FeatureCAM
did not pick a tool for this operation. Select the tool csink82:M0500 and click OK

To save time | have pre-created some curves that | extracted in various ways from the
model. Some were created using the Revolved Boundary method, while others were
extracted with Surface Edges then projected to flatten them out.

9. Start a new Turning Feature and select Turn in the From Curve section

MNew Feature

What kind of feature would you like to make?

From Dimensions Fromlgyrve
O Hole @ifurn;
() Groove Opare
() Thread () Groove
(Face () Thread
() cutoff

() Bar Feed

(") Part Handling

(") User
() Sub-spindle
() Toolpath
(") Misc.
< Back ﬁ“ - Canicel Help
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10. Select the curve main setup_turn from the dropdown

Mew Feature - Curve

The Turn feature requires a curve to define the boundaries of the feature. If you have already created a
curve for your feature, you may select it from the dropdown list.

m :

If you have not yet created a curve, you need to do so before creating
your feature.

1. Use the geometry constructors to create the outline of the feature.

2. Then use chaining mode to connect the geometry segments together to make a curve.

Curve chaining...

< Back ,ﬁ"‘ Einish | . Cancel Help

11. Next twice.

12. Uncheck Rough pass then Finish

13. Start the new Feature Wizard, select Turning, then Groove in the From Curves
section

MNew Feature

What kind of feature would you like to make?

From Dimensions From Curve
() Hole O Turn
O Groove O Bore
(O Thread (®) Groove
(OFace (O Thread
(O cutoff

(C)Bar Feed

(O Part Handling

O User

() sub-spindle
' r ' ' (O Toolpath

(O Misc.

A Y

< Back Iﬁﬂ . Cancel Help

14. Next, then select the curve main setup_groove1 from the dropdown
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Mew Feature - Curve

The Groove feature requires a curve to define the boundaries of the feature. If you have already created a
curve for your feature, you may select it from the dropdown list.

Curve:

k| X

If you have not yet created a curve, you need to do so before creating
your feature.

1. Use the geometry constructors to create the outline of the feature.

2. Then use chaining mode to connect the geometry segments together to make a curve.

Curve chaining. ..

< Back ﬁ' Einish | . Cancel Help

15. Finish
16. Repeat this process for the second groove, the curve name is main setup_groove2

MNew Feature - Curve

The Groove feature requires a curve to define the boundaries of the feature. If you have already created a
curve for your feature, you may select it from the dropdown list.

Curve:
(\ﬂ] main setup_groove2 e

If you have not yet created a curve, you need to do so before creating
your feature,

1. Use the geometry constructors to create the outline of the feature.

2. Then use chaining mode to connect the geometry segments together to make a curve.

Curve chaining...

< Back ,ﬁ" Einish | ., Cancel Help

17. Start the New Feature Wizard and select Turn/Mill then Next
18. Select Side and Next
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Mew Feature

What kind of feature would you like to make?

From Dimensions From Curve
(O Hole (D) Boss
(C)Rectangular Pocket () Chamfer
(D slot (O Groove
(C) Step Bore O Pocket
(O Thread Milling O Round
(O Face (®) Side

From Feature

O Group

(O User

(O Pattern

(O Toolpath

From Surface

(O surface Miling

[IMake a pattern from this feature
Dthact with FeatureRECOGMITION:

Create new setup...

! <Back || MNext> |!|ﬁ“5-1:5;‘.|,!! Cancel |i Help |

19. From the Part View select curve10 and curve11 and click il to add them to the list

- hole2 s
M@ tum3 New Feature - Curves

@ grooved

This feature requires one or more curves to define the area to be machined. If you have alread:
q ¥ Iy
FI8 grooves created curves for your feature, select them here.
@ty Sub Setup
5 @ Tool Posts A [ arven

- e P1: Gang b’ curvell

@ P2End ]

(@ P4: Back "

@ Stock Models

|

-~ Curves
o™ curvell IT
or” curvell | ﬁ
o curvel2

' main setup_groovel
-~ main setup_groove2

/ main setup_tum
-~ sub setup_groove

/ subb setup_tum Curve chaining
~fA Sufaces L e
3 Solids
L ' il If you have not yet created curves, you need to do so before creating your feature.
J-@EZ Layers
% :‘:{ck mdj:: [ <gack |[Cext> ] |ﬂ" Einish M | Canc&l-—\ | Help \
g erence Ads

D e -

20. Next three times

21. Fill in the depth value at .5mm

22. Select the rough operation from the feature properties and select the tool
endmillM0080:swiss:reg:mini
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Side Properties - sidel

@ sidel

= Settings
| 4+#| Dimensions
: L*, Location

o s Strategy
- Side control
o Misc

é Cperations
~TE rough
E TE finish

Todls  Ffs Coolant Tool Usage Stepovers Plunge PostVariables Milling

Criteria to restrict tools in list:

Tool Group: | || Flat End Endmil v|
Diameter: | Anything ~ |
End-Radius: | Anything w |

A g [Jrecent tools

23. Click OK

Name 4 Diameter End. Cutt.
1 endmillM0030:swiss:reg 0.800 0.000 3 4,000
| 2
[ endmillM0300: 4swiss:long 3.000 0.000 4 3.000
[0 endmillM0300:4swiss:longrota.  3.000 0.000 4 3.000
£ >
Cancel Apply Preview Help

24. Start the New Feature Wizard and select Turn/Mill then click Next

25. Select Pocket and Next

26. Select curve12 from the part view and add it to the feature curves list

27. Click Next twice

28. Set the Height to 1.746 then Finish
29. Select the rough operation from the feature properties and select the tool
endmillM0080:swiss:reg:mini

Boss Properties - boss1

& bossl
=~ Settings
|| Dimensions
L: Location
- e Strategy
A - Misc
[=)- Operations
T8 rough
E TE finish

Tools  Ffs Coolant Tool Usage Stepovers Flunge PostVarisbles Milling

Criteria to restrict tools in list:

Tool Group: | || Flat End Endmil \,|

Diameter: | Anything v|

End-Radius: | Anything V|

A g [Jrecent tools
Mame 4 Diameter End. 1 Cutt, [d
[ endmillM0030:swiss:reg 0.800 0.000 3 4,000
[} endmillM0080:swiss:reg:mini 2
[ endmillM0300:4swiss:long 3.000 0,000 4 3.000 [i
[ endmillM0300:4swiss:longrota. 3.000 0,000 4 3.000 [i
< >

Cancel Apply Preview Help

30. From the Dimensions tab of the feature properties select the checkbox Wrap

feature around Z axis
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Boss Properties - boss1

@ boss1

- Settings
|++] Dimensions
L*. Location

[+ Dimensions 1% Location 57 stategy Misc

Misc
= Operations
TE rough

TE Finish Draft Angle Chamfer

[0 | [o.000 |

K’ - Height
T
+
Bottom Radius
0.000

A5 |

EAran feature around Z awis Wrap Options

QK Cancel Apply Frevie

31. Click OK

32. Start the new Feature Wizard and select Turn/Mill then click Next
33. Select Hole and Extract with FeatureRECOGNITION
34. Select Around the index axis and check Automatic

MNew Feature - Feature Alignment

A feature can align either with the Z-axis of the current setup or radially around the indexing axis. Which
feature alignment do you want to use?

() Along the setup Z-axis
(OF

Automatic

Spedfy angles

a0

Normal to surface

ey

Reverse direction

< Back Ep - Canicel Help

35. Select Next twice and click Select All

i Strateay Stock Curve... Curves... ¥ Section... Check surfaces...
i

Page 78



!;A/lQ AUTODESK UNIVERSITY

Mew Feature - Hole Recognition Options

Hole selectionconstruction options:
[Jindude partial holes {z.g. corner relief holes)
Exdude hidden holes
Merge holes of the same parameters into a pattern

Add all new holes into a group if there is more than one

Please verify and select holes for your setup. You can use the buttons below to selectfunselect all
recognized holes, or selectjunselect individual holes from the drawing window. Click Finish when you are
done.

Ecelect Al Unselect All

< Back Mext = [ Finish |, Cancel Help

36. Click Finish

37. Start the New Feature Wizard and select Turning then Next

38. Select Cutoff then Next

39. Check the box Transfer to sub spindle and fill in the Transfer Parameters as
shown

Dialog X

Grab distance (G)
III Feed distance (F)

Cancel

40. Click Next and set the Z Position to -25mm then click Finish
41. Select the cutoff operation from the feature properties and select the tool
SW_sCut_160m_RH
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Cutoff Properties - cutoff1 x
B cutcffl Tools  Tool Usage Feed/Speed Coolant Post Variables Cutoff
[=-- Settings
|++| Dimensions
g9 Streteay Criteria to restrict tools in list:
# Misc
= Operations Crientation: ’—D swW v|
TE pre-cutoff
U5 cutoff Insert Shape: ‘ O Groove/Cut \/|
TE posteutoff Presentation Angle: ‘ Anything v|
TE pre-cutoff
TE post-cutoff
TS pre-cutcff h
TS post-cutoff A g [JRecent tools
Mame 4 h [ ang Tipr. Width Type Length
SW_sCut_160m_RH
[Jsw_sGrv 05imRH M@ 0 0.0 0.200 0,508 OD. 50,000
< >

Cancel Apply Preview Help

42. Click OK

43. Select the setup Sub Setup from the Part View

44, Start the New Feature Wizard and select Turning then click Next
45, Select Turn then Next

46. Select the curve subb setup_turn from the dropdown

Mew Feature - Curve

The Turn feature requires a curve to define the boundaries of the feature. If you have already created a
curve for your feature, you may select it from the dropdown list.

If you have not yet created a curve, you need to do so before creating
your feature,

1. Use the geometry constructors to create the outline of the feature.

2. Then use chaining mode to connect the geometry segments together to make a curve.

Curve chaining...

< Back [ Finish |, Cancel Help

47. Click Finish

48. Select the rough operation from the feature properties and change the tool
Orientation dropdown to EN

49. Select the tool EN_sBore_80m_RH
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Turn Properties - turnl x

Tools  ToolUsage Feed/Speed Coolant Post Variables  Turning

Criteria to restrict tools in list:

Insert Shape: | % Anything v|

Presentation Angle: | Anything

i |

.{"—'; “1 % [Jrecent toals

Name 4 |:| [j Ang Tipr. Width Type Length
[C] EN_sBore_80m_RH W [ so0 0.000 0.000 Boring  30.000
[]EN_sBore_Grv_064. EZ 0 0.0 0200 0635 DG 50,000
£ >

Cancel Apply Preview Help

50. Click OK

51. Start the New Feature Wizard and select Turn then Next
52. Select Groove in the From Curve section then Next

New Feature

What kind of feature would you like to make?

From Dimensions From Curve
() Hole

O Groove
() Thread
IFace

(O Cutoff
(C)Bar Feed

() Part Handling
() User

() sub-spindle
() Toolpath

() Misc.,

< Back ﬁ" Finish |, Cancel Help

53. Select the curve sub setup_groove from the dropdown then Finish
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Mew Feature - Curve

The Groove feature requires a curve to define the boundaries of the feature. If you have already created a

curve for your feature, you may select it from the dropdown list.

your feature,

If you have not yet created a curve, you need to do so before creating

1. Use the geometry constructors to create the outline of the feature.

2. Then use chaining mode to connect the geometry segments together to make a curve,

Curve chaining. ..

< Back

oo .

Cancel

Help

54. Select the rough operation from the feature properties and select the tool
EN_sBore_Grv_064m_RH

Groove Properties - groovel

-_ groove1
(=) Settings
4| Dimensions

B Operations
-85 rough
83 finish

Tools

Criteria to restrict tools in list:

Tool Usage Feed/Speed Coolant Post Variables Turning

Orientation: | #* Anything

Insert Shape:

| 0 Groove/Cut

Presentation Angle: | Anything

.e"-'; 1 % [Jrecent tools

- | -

Mame 4

%) EN_sBore_Grv_064m_RH
[ sw_sCut_160m_RH

h!.jf-\ng

Tipr. Width

Type

Ler

55. Click OK

& 0 o0 0.050 1.000 Cutoff 50,

[ sW_sGrv_051m_RH ! o oo 0,200 0,508 oD, 50,
< >
Cancel Apply Preview Help

56. Open the Tool Posts tab from the Results window on the right side of the

FeatureCAM Interface.
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57. Select the 4 sub spindle operations (colored in purple) and drag them to the back
working tool post (P4)

P1:Gan P2: End P4: Back
s | | c
- - - &
g EP P1: Gang ‘ P2: End | - P4: Back -
—
B &
B &
e
S T E——
[ [5] -
& ol i
e e R T e

:ﬂ

58. Run a 3D simulation and, if desired, avMachine Simulation
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¥ O-rcuoma

A XODWrOO=

o
Wire Electrical Discharge Machining (EDM)
Programming wire EDM in FeatureCAM is as seamless as everything else we can done this far.
Again, FeatureCAM utilizes standard industry terms such as Die, Punch, and Side for the

feature types available. FeatureCAM is capable of programing strait 2 axis wire EDM features
as well as tapered wall (4-axis) features.

2-axis

1. Open the file FW_2Axis(FR).fm

2. Start the New Feature Wizard and select Die and Extract with
FeatureRECOGNITION
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Mew Feature

What kind of feature would you like to make?

2 Asis 4 Axis
®Die: Oie
(CPunch () Punch
(D) Side () Side
(O Rapid () Rapid

From Feature
() Group
() User

O Pattern

Make & pattern from this feature
Extract with FeatureRECOGNITION

Create new setup...

< Back |ﬁq Einish |., Cancel Help

3. Select Next twice

4. FeatureRECOGNITION will generate geometry for us so that we can create curves
to define the boundaries of our die cuts. Select the large circle then click Create
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Pick the other large circle and click Create again

Finally click the small hole and click Create again

Select Next twice

Pick the blue word Thickness

Pick the top and bottom of one of the side wall or the top and bottom surface to pick
the thickness of the feature

©Co~NOO
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10.

11

12.
13.

14.
15.

\

Click Finish and OK

. Start the New Feature Wizard and select Punch and Extract with

FeatureRECOGNITION

Next twice

Select the geometry that makes up the outside profile to chain the feature curve then
select Next

Select Finish

Run a 3D simulation — to remove the cut pieces simply click on them
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4-axis

1. Open the part FW_4Axis.fm

2. Start the New Feature Wizard and select Die and check the box Extract with
FeatureRECOGNITION then Next twice

3. Select the circle that makes up the hole then click Next

4. Pick the Offset for curve Z location and pick the top of the stock
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Mew Feature - Location

The top of the feature will be aligned to the Z location of the curve. Do you want to offset the top of the
feature from the curve?

Offset from curve Z location:

NED

Preview

< Back [ Finish | , Cancel Help

Click Next

Pick the word Thickness

Pick the top of the stock and the bottom of the stock

Click Finish

. Start the New Feature Wizard and select Punch from 4 axis

0. Check the box Extract with FeatureRECOGNITION then select Next twice

S©oNOO

MNew Feature

What kind of feature would you like to make?

2 Axis 4 Axis
Cipie () Die
OPunch ®2unch
O side O side
() Rapid (O Rapid

From Feature
O Group
O User

O Pattern

Make a pattern from this feature
Extract with FeatureRECOGNITION

Create new setup...

< Back lﬁ“ - Cancel Help
11. Drag select the entire visible part

12. Hold down Ctrl and select the surface that makes up the hole
13. Click the ﬂ to add the surfaces into the list
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Think back to the turn/mill part that we programmed earlier and reference the machine

AUTODESK UNIVERSITY

Mew Feature - Selid Faces

Please select solid faces that consist of the feature you are creal

face_262
face_261
face_260
face_259
face_258
face_257
face_256
face_255
face_254
face_253
face_252
face_251
face_250
face_243

# | 1+

~

[Hide surfaces when finish

Slicing heights for obtaining the upper and lower curves:

‘ < Badk

[[mext> | & Enish .| | cancel | | Hep |

14. Click Next and set the Upper Z to the top of the stock

15. Click Finish
16. Run a 3D simulation

New Feature - Dimensions

Enter the dimensions of the Punch 4x:

Project curves

Lower Z
Spline tolerance
[Reduce arve
| <Badk [ mext> | [#Ensh|.| | cancel | | hep |

simulation that we looked at. While the part did get cut complete, we were only using the upper
turret to cut everything, while the lower turret simply sat there and did nothing. Let’s take a look

at how we can optimize this program and more efficiently utilize the machine.
1.

2.
3.

Open the part file that you programmed, alternatively you can open the file Hole
synchronization not synchronized.fm
Open the properties of turn1 feature and select the Strategy tab

In the Operations section pull the drop down next to Rough Pass and select Pinch

Turning

Page 90



AUTODESK UNIVERSITY

Turn Properties - turni

@ twml

E----Seﬂings

] || Dimensions

- o Strategy

H Misc

= Operations
TE rough
TE finish

4. Click OK

5.

[ elow centerline
[Juse canned cyde

|+#| Dimensions g Strategy @ Misc

Reuse path in canned cyde
() Back Face

]

Cydle: ® Turn (O Face
Toolpath: (®) Turning O cut-Grip
(O Offset (O Round Insert
() Turnmilling
Operations

Rough pass
Feed direction:

[ semi-finish pass

Feed direction:

Finish pass
(®) Conventional
Feed direction:

() No-Drag

In the Results Window select Tool Posts

Pinch Turning w
Single Tool Post
Pinch Turning

Follow Turning

Toward spindle

Single Tool Post L
(® Toward spindle

Cancel Apply

|:| TMR. Comp
() Toward face

THR. Comp

Toward face

[Juse finish tool
IR Comp
(O Toward face

Preview

Help
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¥ v=irctmx

Operation List

<

2 op List | vetais | [e2] ne Coo

R Operation
dril
rough Tool Post 1
finish
rough Tool Post 2
rough pass 1
firish
drl
dril
dril
drill
rough pass 1
finish
dril
drill
drl
dril
dril
drill
dril
dril
dril
drl
dril
dril

pre-cutoff baxis_...

cutoff

post-cutoff baxis...

pre-cutoff kt
post-cutoff it
Results

Featurs

hole1
tum1
tumil
tum1
bore1
bore1
hole2
hole3
holed
hole®
side
side
hole6
hole7
hole8
holeS
hole10
holz11
hole12
hole13
hole14
hole15
hole16
hole17
cutoff1
cutoff1
cutoff1
cutoff
cutoff1

Tool

TD_20000_2:M
SW_Tum_80_RH
SW_Tum_80_RH
NW_Tum_80_RH
Wh_B_Small_80_RH
WN_B_Smal_80_RH
TD_05000_112:J+otary
TD_05000_112:Jrotary
TD_05000_1[2:J+otary
TD_05000_112:Jrotany
endmill 2000 regrotary
endmil 2000 regrotary
TD_03750_38:J+otary
TD_03750_318:Jvotary
TD_03750_318:J+votary
TD_03750_3I8:Jvotary
TD_03750_38:J+otary
TD_03750_318:Jvotary
TD_03750_318:J+votary
TD_03750_3I8:Jvotary
TD_03750_38:J+otary
TD_03750_318:J+votary
TD_03750_318:J+votary
TD_03750_3I8:Jvotary

SW_Cut_250_RH

6. Select Operations View

Y

lv oo

/,_/-“’

L1 Tool Posts
1 @ Time view
T O Operation

F1: badis_hea

] (<]
ki hole dril

s hml1 ranah Taol Past 1

SRR OO
Feed Speed
0.0187 IPR 477 F
0.0300 IPR 1200
0.0060 IPR 1600
0.0300 IPR 1200
0.0150 IPR 1200
0.0060 IPR 1600
14.32 IPM 1910
14.32 IPM 1910
14.32 IPM 1910
14.32 IPM 1910
31.04 IPM 1241
2865 IPM 1910
14.32 IFM 2548
14.32 IPM 2546
14.32 IPM 2546
14.32 IPM 2546
14.32 IFM 2548
14.32 IPM 2546
14.32 IPM 2546
14.32 IPM 2546
14.32 IFM 2548
14.32 IPM 2546
14.32 IPM 2546
14.32 IFM 2546
0.0060 IPR 1600

7. We can see now that we are using both the upper and lower turrets to turn the profile of the
part. We could do the same thing with the bore, but it really is not large enough to fit both

tools in it.
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P1: baxis_head

m

fa

z
>l

=
(=]

=
[]

>
&

hole3

drill
TD_05000_1|2:)-rotary
Start: 3:03.2, Len: 0:10.3

FEYEEEVEVEYEEE

= = =1 (w3l (w3 (W (R3] (] (R (] (] (]

L

8. Holes 6-17 are all of the holes around the OD of the part (12 holes all together). If we look at
the holes, in every instance there is a hole that is oppose it. In the Tool Posts tab select
hole12 — hole17 and drag them over to P2 (or turret 2)
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P1: baxis_head

F1: bads_head P21t

LN
I%

N
> [lE

ISIWEI
m|n
=],
{

i
(= L=t [=

| iiiiiE

ii
[

II'E
il

iiiiiiiiiiiiiiiiiiii‘
=
©
o
ki

1§| 1§|
) ¥

9. Select hole6 and hole2 (use the Ctrl key) and click on the button Set sync point at oper
&1 I 1L
start =

10. Repeat the process, hole7 and hole13, hole8 and hole14, hole9 and hole15, hole10 and
hole16, hole11 and hole17
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P1: bais_head ‘ P2t h

H-luilhole‘l drill ~
W tum1 rough Tool Post 1 ¥ tum1 rough Tool Post 2
G tum1 finish

[ bore1 rough pass 1 iy

&% borel finish

G hole2 diill

[F holed diil

[+ hole5 diill

[F hole3 dil

ib side1 rough pass 1

L sidel finish

Lir hole6 dil [F hole12 drl

Lir hole7 dil G holeld dil

ki hole8 dil fF hole14 dil

Lir holeS dil [F hole15 drl

ki hole10 dril [ hole16 drl

Lir hole11 dril [F hole17 dil

lir cutoffl precutoff baxis_head [r cutoff1 pre-cutoff it
(b cutoff1 cutoff

i+ cutoff1 post-cutoff baxis_head ¥ cutoff1 post-cutoff It

11. Run a Machine Simulation to see the completed part

We are now utilizing the lower turret on the program. FeatureCAM will automatically put
out the wait codes in the NC program to ensure that the machine performs the same
way we see it in the machine simulation

Using completed programs on different machines

FeatureCAM has the ability to quickly and easily change existing programs between like type
machines. The basis of this is to load up the part file that you already have programmed,
change the post, change the tool crib, and change the machining configuration then re-run
simulation to post your code. There is also a user friendly button and dialog that can do this as
well.

1. Open the part Complete.fm
2. Select Options > Add-ins...
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IOBGRE | vincow ep |

&% Viewing...
£J Surface Shading...
KA Simulation..,
Coloring »

A&

Chaining..

Feature Recognition...

Skip Toolpath on Error

[<Il<]

Parametric Modeling
Multiple Regions

Snapping Modes...

EEO

Snapping Grids...
Turning Input Modes »

[<]

Warp Dialogs

File Opticns...
Decirmal Places...
Save Settings Mow
Beload Settings
Save on Exit
Add-Ins...

Update Op-List...

Core Usage...

& [<]

3. Select Library
4. Search for Config
5. Select FC_Configure_By_ Post.bas and click Load
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Add-in Library X

Choose the Add-ins you want to load or unload.

Search:
config Description:
(- Litilities Gives the user the ability to switch Load
FC_Corfigure_By_Part bas between post options, tool cribs,
FC_Corfigure_By_Post bas simulation options, machining Unload

configurations and materials by
visiting just one place. Works with
both milling and turning. This
wversion is triggered by a toolbar
icon that should be runwhen a
different postis loaded. See also
the FC_Configure_By_Part addin.

[Jindude Programming Examples

Cancel Help

6. Click OK twice
7. You will get a button that appears in the upper right of FeatureCAM that is a triangle

Lm Click this button

8. In the Select the Machine Tool dropdown select Haas VF4

Machine Configuration b4

=  Select Machine Tool: | Quickturn et

Quicktum
Haaz TL

OF. Bozsz 5
Haaz WF Saws

DMG

Fanuic

9. Click OK

10. Notice that the active tool crib is Haas

11. Open the properties of the feature boss3

12. Select the rough operation and take note of the tool that is being used endmillM2100:reg
13. Run a 3D simulation and try to note the depths of cut of some of the milling features

14. Click the triangle button again

15. Select DMG from the dropdown and click OK

16. A number of things have changed
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The post is now DMC103V

The active tool crib is now DMG

Open the properties of the feature boss3

Select the rough operation and take note of the tool that is now being used. With the
change of the tool crib, FeatureCAM also changed the tool that is being used to a
tool that is available in that tool crib (21mm reg 2 flt EM)

e. Run a 3D simulation and try to see the difference in the depths of cut of some of the
milling features

apow

We did not change any of the programming, we simply changed which machine we are going to
run this part on, FeatureCAM took care of the rest for us. This is another great advantage of the
feature based machining approach that FeatureCAM uses.

Conclusion

As you can see, the feature based CAM approach makes FeatureCAM one of the most versatile
CAM packages available. You can easily program a wide range of machines from 3-axis to 5-
axis mills, simple lathes to multitasking turn-mill centers, wire EDM machines and even Swiss
turning machines. Programming is consistent across all of FeatureCAM making it easy to use
and easy to learn. FeatureCAM makes it easy to optimize your programs and ensure you are
putting out NC code that will cut your parts the way you want and save you time in machining. If
the machine you intended to have the part on is not available, you can easily make the
necessary changes to put it on a different machine.
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