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FeatureCAM overview

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

FeatureCAM includes five stand-alone modules:

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

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

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

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

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

The following add-on modules are also available:

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

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

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

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

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

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

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

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

Why creating toolpaths is so fast

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

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

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

= Generates toolpaths and creates the NC code.

“{)  You can customize this built-in ‘intelligence’ to your own style
of cutting.
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FeatureMILL3D Roughing Basics

Roughing Basics

Introduction

FeatureCAM has a number of different methods for rough machining parts. The strategy that
is chosen will depend upon the part geometry, the type of stock and the available cutting
tools. By choosing the most appropriate combination of strategy and tooling the user can
greatly reduce the time taken to prepare a part for finish machining. In the roughing course
module we shall look at the three main roughing toolpath types in FeatureCAM. These are Z
Level Roughing, Parallel Roughing and Plunge Roughing. We shall also consider different
stock types and finally take a look at high speed and high efficiency roughing techniques.

Roughing Basics

In this section we will be rough machining the engine casing pictured below. The part has an
assortment of shallow and steep areas, areas with varying radius of curvature and has an
irregular outline.

Each of these properties of the part affects the roughing process, selection of tooling and so
on. By the end of this module you should know how to make choices to enable FeatureCAM
to rough the part efficiently leaving the minimum amount of material on the part in the
shortest possible time.

FeatureMILL3D 2012 1



FeatureMILL3D Roughing Basics

In Z Level and Parallel Roughing a series of horizontal slices is taken through the part. At
each level the profile of the part and the outline of the stock define the area of material to be
the chosen strategy and tooling.

In the picture below a single roughing Z level or Slice is represented by a horizontal plane
intersecting the part. In practice multiple Z levels will be machined successively from the top
of the stock downwards at regular increments to remove the excess material.

Roughing Z Level

Another name for Z level roughing is “Waterline roughing”, the profiles to be cleared may
be visualized as the waterline of the part when it is partially submerged in a tank of water. As
the water is drained from the tank each level produces a distinct profile through the part.

The image below shows a toolpath clearing a single Z level of the part. The tool is making a
series of passes starting at the outside of the block and gradually stepping inwards in a
horizontal direction until it meets the waterline of the part with an allowance for later
finishing processes.

Toolpath to clear Z-Level

2 FeatureMILL3D 2012



FeatureMILL3D Roughing Basics

The part is roughed by machining a series of Z levels resulting in a stepped form where the
majority of material has been cleared out around the model as shown in the pictures below.

A side view of the roughed part showing the roughing Z levels.

An Isometric view of the roughed part.

Depending upon the tooling selected, machining attributes and the strategy chosen the part
may require subsequent rest roughing and semi-finishing processes before finishing can be
carried out.

For some components it is desirable to use a secondary area clearance strategy. This is done
using the Multiple Rough option where a series of tools are specified, each reducing in size
from the previous. This will locally remove pockets of excess material inaccessible to the
previous tool. This will reduce the degree of tool overload and provide a more consistent
material removal rate for any subsequent finishing operations.

If the original material is in the form of a casting or fabrication then it may be necessary to
use a different form of stock so that the roughing toolpath does not end up “cutting air”.

For now we will only consider roughing a part from a simple rectangular stock. In the
following example we shall import and orient the casing model and apply a simple Offset
Area Clearance strategy. First we need to know about the basic machining attributes that
affect the generation of rough machining toolpaths.

FeatureMILL3D 2012 3



FeatureMILL3D Roughing Basics

Basic Roughing Attributes — Finish Allowance & Tolerance

Suitable values are required to control the accuracy and amount of excess material to be left
on a component by a toolpath. The parameters used for this purpose are the Finish
Allowance and Tolerance.

The Finish Allowance specifies the amount of extra material remaining on the work-piece
after machining. It should be noted that this will be the minimum amount of material left on
the part after roughing as the roughing Z level steps are superimposed upon this allowance.

Tool Steps left by
TS Z Level Roughing

Finishing
Allowance Q’ Workpiece

r

The Tolerance controls the accuracy to which the toolpath follows the shape of the work-
piece. The illustration shows an individual roughing Z level pass viewed from above. With a
coarse tolerance the toolpath is more faceted as fewer moves are calculated for each profiling
move.

Workpiece

Toolpath

Coarse Tolerance Fine Tolerance

Note where the Finish Allowance value is greater than 0 it should always be more than the
Tolerance value otherwise the part may be gouged. If a very fine tolerance is chosen for a
roughing operation it may take a long time to calculate the toolpath to an unnecessary
accuracy. The optimum Tolerance value will depend upon the user balancing the required
accuracy against the time taken to calculate the toolpath.
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Roughing Z Level Zigzag

Introduction

In this section the part will be roughed using the Z Level Zigzag strategy. Zigzag removes
the material from the model using a series of parallel passes at each level on the part as
shown below. The Zigzag area clearance is also known as Raster area clearance.

In the image below a single Z level of a Zigzag toolpath is shown, the tool is clearing out the
material from the level by making a series of parallel passes along the X axis, at the end of
each pass it steps over in the Y direction.

First a model will be imported and positioned using the stock wizard.

Open a new Inch milling document.

Press Finish on the Dimensions form and then click OK.

Import the model Primary_Case.x_t

On the import form click Use the wizard to establish the initial setup
location and stock size. Uncheck the “Launch AFR after finish” checkbox.

FeatureMILL3D 2012 1



FeatureMILL3D Roughing — Z Level Zigzag

Setting Up

The long axis of the imported part is aligned with the Y axis. We need to turn the part around
so that it is aligned with the X axis.

Import Results

FileName: C:\FeatureCAM\3-fuis"Roughing“Data“\Primary_Case x_t

@) Use the wizard to establish the initial setup location and stock size
() Accept the imported data ‘as is' and exit the wizard

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

Launch AFR after finish

<Back || Net> | WA Fnish| | Cancel | | Hep |

e Click Next until you reach the Pick Initial Setup X Orientation page.
e Click on Rotate X direction 90 degrees around Z axis

Pick Initial Setup X Orientation

What is the setup’s X direction?
+k | Pick two points to define X direction

ﬂl Rotate ¥ direction 90 degrees around Z axis

Click here

“/New X axis alighment

| <Back || Met> | ¥ Finish| | Cancel | [ Hep |
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FeatureMILL3D Roughing — Z Level Zigzag

e Click Next until you reach the Stock Type page.
e Select a stock type Block and click Next.

Stock Type

What type of stock will this part be machined from?
i@ Block
(71 Round
(") M-Sided

e Check Compute stock size from the size of the part and click Next.

Stock Dimensions

'3',:_'.' Enter specific stock dimensions
(@) Compute stock size from the size ofthe part

Thickness

Width Length

Imported Data: Extra stock size Stock size

e Select the required setup location (stock center) by clicking on the hand
icon indicated

e Click Finish and Cancel.
e Select an Isometric view.

FeatureMILL3D 2012 3



FeatureMILL3D Roughing — Z Level Zigzag

The part is now aligned correctly, the block stock has been sized to the part and the setup
located correctly at the center and top of the stock.

Creating a roughing Feature

Now that the part has been imported and the setup completed we are ready to begin the
roughing operation.

e Click on Features in the Steps view.
e Check Surface Milling and press Next.

-
New Feature m
What kind of feature would you like to make?
From Dimensions From Curve
(T)Hole ) Boss (") Round
@ Rectangular Pocket @ Chamfer @ Side
()5lot (") Groove
@ Step Bore @ Pocket
() Thread Milling From Feature
(OFace () Group () Pattern
() User
(") Toolpath
From Surface

(@) Surface Milling

Extract with
FeatureRECOGNITION

| <Back || Nex> |[#*Einish|,| [ cancel | [ Hep |

4 FeatureMILL3D 2012



FeatureMILL3D

Roughing — Z Level Zigzag

e Box select all of the surfaces and then press the Add from selected

items button il then click next. If the faces already appear, click next.
e On the New Strategy page check Choose a single operation.

e Click Next.

e Check Z Level in the Roughing Strategies part of the form.

e Click Next.

-

MNew Strategy

What kind of strateqy w
Finishing Strategies
() Parallel
i) Z Level
) Isoling
(") 2d Spiral
i) 3d Spiral
() Radial
) Fowline

(") Between 2 curves

ould you like to use?
Specizlized Strategies
(7 Horizontal + Vertical
(7 Comer Remachining
(7 Pencil

) Swarf

Roughing Strategies
@ Z Level
() Plunge
() Parallel
| <Back || Net> |[[%"Einish|,| | Cancel | | Hep |

e Fill in the Strategy page exactly as shown below and press Next twice.

P

-

Strategy
Operation Oiptions
@ Rough () Offset/spiral
i) Finigh @ Fig-zag
[ Profile contaur
Parallel angle 0.0
Clazsify slices as:
(71 30 Pocket
(@ 30 Boss
[] Multiple rough

| <Back || Net> |[[#1F

nish |,| | Cancel | | Help |
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FeatureMILL3D Roughing — Z Level Zigzag

The default tool selected from the crib is a %" diameter end mill. As this is a relatively large
part it would be better to use a 1” diameter bull nosed cutter with a 0.125” tip radius.

¢ Inthe New feature — Default Tool page check “l want to search for
another tool or make a new one” then click Next.

g 3\

Mew Feature - Default Tool

5 surface mill rough - z level
FeatureCAM has selected the following tool for this operation:

endmill 0500:req Tool Parameters

Material HSS
Finish BRIGHT
Diameter 0.5000 in.
Shanl Diameter 0.3750in.
Fltes 2

Cutter Length 0.8120in.
Owverall Length 2.5000in.

End Radius 0.0000 in.
Tool End Type SINGLE
Cutting Type CENTER

() 1 want to use the default toal.
(@ | want to search for another tool or make a new one.

| <Back || Net> || [ Enish|,| | Cancel | | Hep |

e Onthe New Feature — Tool Search page change the Tool Group to
Bullnose Endmill.

Mew Feature - Tool Search

5 surface mill rough - z level ‘

Tool Group: || Bullnose Endr =

Diameter: Arything -

End-Radius: Arything -

MName 4 Diam. End. Fiutes Cutterle. =
[ emBO0S0917 01402 00620 3 1.5000

[ emBOOS1717 02102 00930 3 1.2500

[] emBODG2517-21 0.0%04 00400 2 21765

i) endmil0500:reg  0.5000 0.0000 2 0.8120

1 11 | r

To create a new tool click here: 57

| <Back || Next> | [ Fmish|.| | Cancel | | Hep |

e Click on the New tool button [I at the bottom of the form.

6 FeatureMILL3D 2012



FeatureMILL3D

Roughing — Z Level Zigzag

e Fill in the page exactly as shown below.
[ End Mill Tool Properties e
Endmil | Overides | Holder | Feed/Speed |
MName Bullnose D 1.0 T 0,125
pesre :’70'0;';0 Dia 1.0000
iameter L in.

Cwverall Length L] in.

Exposed Length 3 in.

Cutter Length 1 in.

Flutes 4

Shank Diameter 1.00000 in.

End Radius 0.12500 in.  [C]Ballend

[ Use curve to describe tool shape

Taper 1] deq. Diameter at Bottom Compute from shank

Tool End Type

Cutting Type [¥] Certer Flute Angle

Mateial  [HSS =|  Finish [BRIGHT -

Hand (@ Right Hand ) Left Hand

ok (o]

e Press Apply and then OK.
e At the prompt “ Set the new tool as override?” Press Yes.
e Press Finish and OK.
e Run a 3D simulation.

FeatureCAM chooses a stepdown automatically based upon the cutter diameter. In this case
the stepdown is leaving excessive material on the part. We will now manually change the

stepdown to a more suitable value.

FeatureMILL3D 2012



FeatureMILL3D Roughing — Z Level Zigzag

Stepdown — Z Increment

e Edit the feature (double click on srf_mill 1 in the Part view).
e Click onroughl and select the Milling tab.
e Select Z increment, enter a new value of 0.125 and click Set.

Surface Milling Properties - srf_milll M

® si_milll | Tools | Fjs | Milling | Leads|
=-£D) zlevel
= roughl Attributes for  rough

Check allowarlce B Use altb-axis pos
Comer radius % = ’

Finish allowance = 0.0500 Trochoidal cut
Index X coordinate =
IndexY coordinate = E‘Reorder
Index Z coordinate =
Max. ramp distance =

Zend=
* Zincrement=0.1250
Z start=

New Value: 0.125 —_—

Click on an operation to set
its gttributes apnd I Set H— Unset ] Reset All

feeds/speeds

Plunge feed override % = 50.0000 Flatsurface support

Priority = |Level v
Rough pass stepover % = 33.3000

Stepover rapid distance =
Targethorsepower =

Tolerance = 0.0050 Retract/Plunge...

Toolpath corner % = 0.0000

Total stock = Output Options...

PaostWVars...

I oK I l Cancel ] l Apply ] | Preview | l Help ]

e Click Apply, OK and then run a 3D Simulation.
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Roughing — Z Level Zigzag

The steps are now much smaller and more closely approximate the shape of the finished part.
Notice how the roughing operation has left cusps where the tool is changing direction at the
end of every other pass. We will now modify the feature to rectify this.

Profile Pass

Edit the feature (double click on srf_mill 1 in the Part view).
Click on Z level in the tree view.

Select the Strategy tab and check Profile contour.
Click Apply and then OK.

Surface Milling Properties - srf_milll

¥
B s _mil Strategy | Stock | Surface control
B@ %evel o Operation Options
roug @ Rough () Offzet /spiral
() Finish @ Zig-zag
Profile contour
/ﬁlﬁ"el angle 00
Classify slices as:
() 3D Pocket
3D Boss
Muttiple rough
Click on an operation
to set its attibutes and
feeds/speeds
[ oKk |[ cancel || ey || Pevew | [ Hep

e Run a 3D simulation.

FeatureMILL3D 2012
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The tool is now profiling the part after roughing each Z level. This will increase the cutting
time but will give more consistent tool loading in subsequent operations.

Stepover %

We can check the time required to complete the roughing operation by looking on the Details

tab of the results pane.

Manufacturing Details
(@) Operation List
() Tool List

|

| v w-rcoma

e Open the Results window if it is not already
open.
e Click on the Details tab.

You will see that there is a current time taken to rough
machine the part. Make a note of the time shown in your
results window. This estimation is dependent upon the
distance the tool has to travel which is in turn a function of
the total path length. We can shorten the toolpath by
increasing the stepover between passes. This will increase
the tool loading but as we have already reduced the depth of
cut this will be OK.

e Run a Centerline simulation.
e Using the Op List tab, click on the pulldown arrow

MANUFACTURING OPERATION SHEET

Part: Primary_Case
Date:  Tuesday, December 16, 2008 14:45:10
Time:  26:31

Part: Primary_Case
Stock: L10.0787 in.xW 6.2287 in.x T 15208 in

et ALURINURA, 111.00 Brinell,0.30 HP min/in~3

Setup: Setupl
Fixture: 54
Origin: % 5.0393in. Y 31141 in_ Z-0.7604 in

Op:1 srf_milll {roughl, z level)

Fis 2482 RPM, 9.3 1PM (0.01001PT)
Tool:  #1 (Bullnose D1.0 T 0.125,1.0000 in))
Depth: 0.1250n

Other:  Stepover: 0.3330n

Allowance: 0.0250 in, Tolerance: 0.0050 in

Time:  26:23
Power: 1.24 (est. 1.24) HP

next to roughl.

e Selectthe Z level at Z -0.9994 (or thereabouts) as shown below.

(
\
\
[]
[]

‘Uperaton LISt
1 @ Automatic Ordering

T op et Details NC Code

R Operation Feature
o> rough-zlevel ¥| si_mill
Resuls 2 level: 01126
zlevel: -0.2253
zlevel: -0.3379
z level: -0.4505
z level: -0.5631
z level: -0.6758
zlevel: -0.7884
z level: -0.9010

z level: -1.0979
z level: -11569
z level: -11963
z level: -1.3087

zlevel: -1.4211
zlevel: -1.5335

&
3
U
£| ™ & Menual ordering OHEM OO
-3
L

z level: -0.9934

Tool
= T1 Bulln:

In the graphics window, this displays just the single Z level that is selected. This is a useful

trick when you want to see how the roughing toolpaths are behaving at a particular depth.
The default stepover is 33.3% of the tool diameter, as the tool is 1” the stepover is 0.333".
Follow the arrow pointing out the dimension at the upper right of the part in the image

above to see the stepover value.

10 FeatureMILL3D 2012



FeatureMILL3D

Roughing — Z Level Zigzag

Edit the feature. (double click srf_milll in the part view again)
Click on rough1 in the tree view.
Select the Milling tab.

Click on Rough pass stepover % and set it to 75%. Apply and OK.
Select a Top View and run a Centerline simulation.

e Select the Z level at Z-0.4505 (or thereabouts).

The stepover has now increased to 0.75” instead of the previous 0.333”

e Open the Results window.
e Click on the Details tab.

It can be seen that the time taken to rough
the part has reduced from around 25

minutes to a much quicker time. Compare
your original time to the time shown now.

| ¥ wercuma

i E [Operation List |
2| A @ Automatic Orderin
; -'i ‘?‘:'!‘gnu:lnos::ng ¢ ?éu ﬂﬂ L @ @ @ 0
0.750 | R Opemton Fealure Tool
il =3 roughl-zlevel ¥/ sif_milll = T1 Bullne:
T Resits z level: 01126
zlevel: -0.2253
7 level: 03379
z level: -0.5631
— 7 level: -0.6758
2 level: -0.7884
z level: -0.9010
7 level: -0.9994
7 level: 10979
zlevel: -1.1569
2 level: 11963
2 level: 13087
zlevel: -1.4211
2 level: 15335
IManufacturing Details
(@ Operation List
(™) Tool List
PARNUFACTURING OFERATION SHEET
Fart: Frimany_Case
Date:  Tuesday, December 16, 2003 15:14:25
Time: 1632

[ ] Edlt the Featu re. Surface Milling Properties - srf_milll l ? J—Jﬁ
Select ROU g h and g ;g_mlwlﬂ | ‘Ton\s |F]S | Milling | Leads
Ml I I | n g . =S rought Attibutes for  rought
1 %Y Cz;e::r?!umasice: || Use alt5-axis pas
b CIICk on Fin ISh : 2 *gimsh a\lgwan?e=00250 ["] Trochoidal cut
Allowance.
e Enter a new value Maxramp disince = oot0 Flatsutace support
o e SRR o
¢ Change the T
Tolerance to 0.01”. Toal sock-
Zincrement= PostVars...
Z start=
This has changed the NewValu: 07
minimum amount of b et Unset
material left on the partto | ="
- OK l [ Cancel ] [ Apply Pravi
be 0.025”. Please note that
FeatureMILL3D 2012 11




FeatureMILL3D Roughing — Z Level Zigzag

the actual amount of material left on the job will depend upon the Finish Allowance, the Z
increment (the step down between roughing levels) and the shape of the surfaces being
roughed.

Reducing the tolerance results in a less smooth toolpath but reduces the time taken to
calculate the moves. For a roughing operation normally the finish is unimportant. On a large
part, changing the tolerance may make a huge difference to the toolpath calculation time.

Important Note: The Tolerance should always be LESS
than the Finish Allowance to avoid gouging the part.

Arc Line Approximation

If a part has a prismatic form, and a coarse machining tolerance is used, this can result in
facets appearing on the machined part. If these are too pronounced this may lead to an uneven
amount of material for the following operations causing uneven tool loading. If the part is
large it may be impractical to tighten up the tolerance. Luckily FeatureCAM has a work
around in such situations. Rather than outputting the profiling operation as a series of straight
line moves you can choose to output as a series of arc (G2 & G3) moves within tolerance.
This will get rid of any faceting and also reduce the overall size of the post processed
program.

M13700 =-4.9512 %-3.0942

e Run a Centerline simulation. M13705 -4 8537 -3 2661
e Click on the NC code tab. M13710-4.8132 *-3.3156

M13716 x-4 5413 *-3.4534
e Scroll down to the end of the program. N13720 -4 4694 /-3 538

N13725 %-4.2875 v-3.6715
You will see that the final profiling pass is being carried out ~ M13730-4.1256 *-3.5654
by a series of short, straight line moves. There are 6,885 MN13735 #-3.9537 v-3.5202
lines of code in this picture. Make note of how many you m 3;32 igigg?\;@%?ggz
see in your NC code. The post processor being used here is 13750 %-3 1585 -1 £191
the standard HAASVF.cnc which is shipped with M13755 GO Z1.0
FeatureCAM. M13760 G53 G439 20, M3
We will now compare this NC code with that output when N13765 GBIV,
Arc/Line Approximation is being used. MEELES

e Edit the feature.

e Click on the Milling tab.

e Select Output Options... Select Approx. linear moves with arcs and
lines (leave the values in the fields as in the picture below)

e Run a Centerline simulation.
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Roughing — Z Level Zigzag

Surface Milling Properties - srf_milll
B sd_mill Tools [ FfS | Milling | Leads
55 ¢ lowvnl
3 roughl

Total siock =
Z end=

Zincrament=
£ starl =

Output Options

Candral hiew fhes foo
algarithm.

Chutpiet Filbgnng
Lisa ahS-auis pos Filter linear ¢
Trachaidal cut
Filtar linearr

| Reorder Fedisnbale

Flat surfice suppest
Level
Dizection
| ReracyPlinga A Fiting

[ Outpu Opsians - ey p——

e e e et il

Aucline Sing tal

| Postvars

Surlace angle

ME7ED 11792 %3 644

ME7EL 2-1.4335

ME7ED G 2-1.6455 F49.6

ME7ED YIETHT FYY.3

MEPA0 G3 X-0.1496 %2 BEET 10,2341 J-1.7485
ME77E x-0.3652 2 067Y 12,1385 J-1.0906
ME7ED GE »-0.5486 %1.9144 -0.2415 J0.1021
ME7ED G »-3.0423%1.7365

ME7H0 G3 >-4.5404 %71 1633 10,1697 J-2.BEE
ME7H5 >-5. 3866 0.0124 -0.1865 J-0.7445
MEE00 >-5.5444 -0 6377 |2.3943 J-0.9252

MNew Value m

MEE05 GO 21.0

MEE10 GE3 G49 20, MY
4 MEE1HGRIYD.

MEE20 k30

%

Chck on zan opiershon o sol
its amibules and
teads/speeds

QK

e Click on the NC code tab.
e Scroll down to the end of the program.

You should now see FeatureCAM using a mixture of straight line and arc moves as shown on
the right. The length of the program (in this picture) is now only 2,910 lines. Compare your
original Code length to what you see now. The code is about 60% less than before. For
older controllers with limited data storage or slow baud rates this can be extremely useful.

Parallel Angle

By default a Zigzag roughing operation will machine up and down the X axis, stepping over
in the Y direction. Depending upon the shape of the part this may or may not be an efficient
strategy. If a part was longer in the Y direction than the X it would make more sense to make
cutting passes along the Y axis rather than the X. FeatureCAM allows the user to specify any
angle they like for the pass direction. This allows the user complete control to optimize the
pass direction for a given part.

e Edit the feature.
e Click on z level and select the Strategy tab.
e Change the Parallel Angle to 20 degrees. Apply and OK.

Surface Milling Properties - srf_milll |i|
M =f millt Strateqy | Stock I Surface cortrol
- @ e ni Operation Options
S roug @ Rough *) Offset/spiral
() Finish @ Zigzag
Profile contour
el Parallel angie 200
Classify slices as:
() 3D Pocket
@ 30 Boss
[ Muttiple rough
Click on an operation
to set its attibutes and
feeds/speeds
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e Run a Centerline sim and then display just the pass around Z-0.350
e Select Top View

[ ' ;
S N
=]
.-l.l ] o
' %. x
, et .' |

Note how the roughing passes are now going at 20 degrees to the X axis. Selecting an
appropriate roughing angle can greatly reduce the time taken to rough machine a part.
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Rough — Z Level Offset/Spiral

Introduction

We will now look at Offset/spiral roughing. In this method the passes follow the profile of
the part at each Z level rather than being parallel to an axis direction. An Offset/Spiral
toolpath is often shorter than a Zigzag toolpath with the same settings. Given the speed with
which FeatureCAM calculates toolpaths it is worth experimenting with settings to get the
shortest possible cutting time on the machine.

Open the part Primary_Case.fm
Box select all of the surfaces

Click on Features in the Step view of the TOOLBOX.

Check Surface Milling and press Next twice.
On the New strategy page check Choose a single operation.

Click Next.

Check Z Level in the Strategy part of the page. Click Finish.
Edit the Feature. (double click the srf_mill feature in the part view)
Select Z level and the Strategy tab and check Offset/Spiral.
Select the Rough operation and the Milling tab.

Set the Z increment to .125
Click on Apply/OK.

Surface Milling Properties - srf_milll

M sd mil

Stratedy | Stock |Surface control

=55 zlevel

= . Ciperation
rougl

@ Rough
) Finish

[ Muttiple rough

Click on an operation
to set its attributes and
feeds/speeds

Ciptions
(@) Offset/spiral
) Zigzag

Classify slices as:
) 30 Pocket
@ 30 Boss

0K | [ Cancel |[ Apply

|

Run a Centerline simulation.
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e Selecta Top view

e Open the Results window and the Op List Tab.
e Select the down arrow to the right of “roughl — z level”

lé Operation List

s| (@) Automatic Ordering

U - (" IManual Ordering DM R OO
'II-' R.. Operation Feature Tool Feed

s E sif_mill endmilld... 49.66 IPM

~ Results

The tool profiles smoothly around the part with fewer sudden changes in direction than the
Zigzag strategy.
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Multiple Rough Diameters

So far we have roughed the part using a 1” diameter bull nosed mill with a stepdown of
0.125”. This is giving us a roughing toolpath that closely approximates the finished part.
However, because of the small stepdown, we are spending more time clearing the rough
material than necessary. Also there are areas where the 1” tool cannot fully enter, particularly
in the recesses above the bolt holes resulting in excess stock being left on the part. We will
now look at a technique that allows us to use a series of progressively smaller tools to clear
out the rough material more efficiently.

Edit the feature.

Click on z level and select the Strategy tab.

Check the Multiple rough checkbox.

Enter the values exactly as shown below. Apply and OK.

Surface Milling Properties - srf_milll |i|

M sf_mill Strategy | Stock I Surface control
=557 zlevel . Operation Options
= roughj @ Rough @ Offset/spiral
5 rougn _) Finigh ) Zigzag
Classify slices as:
— 7 3D Pocket
\ @ 30 Boss
lag Multiple rough
Tool diameters 2,05
Click on an operation
to set its attibutes and
feeds/speeds
Cance Apply Preview ‘ I Help

e Run a Centerline simulation.

Notice that there are two separate tools cutting material away. Click on the rough toolpaths
in the Op List of the Results window one at a time to compare the two toolpaths.

We will now choose different tooling and modify the strategy to remove the material in a
more consistent manner. This will provide consistent tool load for subsequent operations.

e Edit the feature. (double click the srf_milll feature in the part view)
e Click on z Level and select the Strategy tab.
e Enter the tool diameters to be used as shown below. (1.75,0.5).
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Surface Milling Properties - srf_milll |_

M sd_mill Strategy | Stock | Surface cortrol

= @ zélevel . Operation Options
5 rough_r @ Rough (@) Offset/spiral
rougn () Finish

) Zigzag

Classify slices as:

(0 3D Pocket
@ 3D Boss
Muttiple rough
Tool diameters 175,05
Click on an operation \
to set its attibutes and
feeds/speeds
Cancel Apply Preview ] [ Help ]

e Click Apply.

You should now see two roughing operations as in the above image. When FeatureCAM has
been told to multiple rough it uses the first tool to machine the part in the normal manner.
The second smaller tool is used only to machine the material left by the first. In this way we
can reduce the size of the steps left by the first, larger tool and then pick out the inside
corners where the big tool could not fit. This process is also called Rest Roughing. We will
now modify the attributes of the two roughing operations to optimise the roughing process.

Surface Milling Properties - srf_mill1 l 2 ﬁ]
® sit_milll | Tools [ F/s | Milling | Leads|
=50 zlevel
= rough6 Attributes for  rough6
S rough? . Check allowance =
Cornerradius % = )
* Finish allowance = 0.0250 [[] Trochoidal cut
Max. ramp distance =
Plunge feed override % = 50.0000 Reardar
Priority =

Rough pass stepover % = 33.3000

Stepover rapid distance = Flat surface support

Target horsepower = 1.2402 ’Off v]
Tolerance = 0.0050
Toolpath comer % = 0.0000
Total stock =
Zend= Retract/Plunge...
*Zincrement = 0.5000
Z start= Qutput Options...
MNew Value:
Click on an operation to set
its gttributes and Set Unset ResetAll

feeds/speeds

Cancel Apply I Preview H Help ]

e Select the first roughing operation (rough6 above).
e Select the milling tab.
e Set the machining attributes exactly as shown above.
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Select the second rough operation.

Select the Tools tab.

Select the Tool Group “Bullnose Endmill”.

Create a new tool by clicking the New Tool icon shown below.

Surface Milling Properties - srf_mill2

B st mil2 Tools |F/5 | Milling || Leads |
Bgfj z lewvel !
& Criteria bo restrict bools in list:
5 raughs
5 raught ool Group [] Bulinose End s
DNmeter: Angthing w
AVRH
Mame Diam.  End.  Flutes  CutterL &
[] emBOOD4T-HI0 01120 0.0470 3 05000
[ emBOO18S:A7:20 01040 00460 2 03401
[ emBOOBZ5:t7:20 0.0304 0.0400 2 21789
[ emBOO 2547200 00678 00300 2 0.2329
1) 2rdmillD500reg 05000 00000 2 0.8120 oy
Click. on an operation o ¢ i | Y o
et its attributes and — =
feeds/speeds
Caticel Apply [ Preview ] [ Help
¢ Name the tool 500 tip 06 rad.
e Enter the values as shown below.

End Mill Tool Properties

Endmil | Overides | Holder | Feed/Speed|

0.
0.

37500 irn,
06250 in.

Shank, Dliameter

End Fadius []Eall-end

Name 500 tip 06 rad |

Meazure |hiches

Diarneter ifn, Dia 9.5000
Overall Length in. _':'I |'=:'_
Expozed Length in.

Cutter Length in.

Flutes

[]Usze curve ta describe tool shape

Diameter at Battom Compute from shank

Tool End Type | SIMGLE W

Taper

Cutting Type 7] Center Flute ngle |STANDARD v |
b aterial |Hss v| Fini$h|BF||I3HT v|
Hand {*) Right Hand ) Left Hand
Co J o]
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e Click Apply and OK.
e Click Yes on the “Set the new tool as override?” page. Click OK.

e Edit the Feature. (double click on the srf_milll feature in the part view)
e Select the second rough operation (rough7 below)
e Select the milling tab.
e Set the machining attributes exactly as shown.
[ Surface Milling Properties - srf_mill_1 ? e
® sit_mil_1 | Tools [ F/s | Milling | Leads|
=85 z level
= roughf Attributes for  rough?
£ rough? Check allowance =
Comer radius % =
Finish allowancs = 0.0500 [C] Trochoidal cut
Max. ramp distance =
Pl feed ide % = 50.0000
*Prlilgﬁg(:gs averride % \ Fieorder

Rough pass stepover % = 33.3000
Stepoverrapid distance =
Target horsepower = [Level .]

Flat surface support:

Tolerance =0.0050

Toolpath comer % = 0.0000

Total stock =

Zend= Retract/Plunge...

Zincrement =

Z start= Output Options...
New Value:

Click on an operation to set
its attributes and Set Unset Reset All
feeds/speeds

Cancel Apply [ Preview l l Help l

e Click Apply and then OK.
e Go to the Options menu and select Simulation.
e Check Tool Colors on the General tab. Apply and OK.

This will display the area cut by each tool in the simulation as a different color.

i | E:g |"|

Simulation Options N R

General | 2D/3D Shaded | Centerine | Part Compare | Wire |

General

Tool Colars ‘*—

[] Show Holder

Show Spindle

Simulation Speed: min {] man
Status

Feed [7] Operation

Speed Tool

Time Position
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Select a 3D simulation and click Play to next operation.

The larger 1.75” tool and the 0.5” stepdown are now removing the bulk of the rough stock
much more quickly. As flat surface support has been turned off the stepdown is exactly 0.5”
regardless of the shape of the part.

e Click Play to next operation.

The second, smaller tool is now only machining the remaining material. This will result in a
more efficient toolpath that is leaving a more consistent material thickness for following
tools.
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Z End

You may have noticed that the final pass of the second tool machined the flat area at the
bottom of the stock. You can see this clearly if you slow down the simulation when running
the second pass. FeatureCAM assumes that the bottom of the stock requires milling off unless
we tell it otherwise. We can do this by applying a Z end value above the bottom of the stock.

e Open the Stock Properties of Stockl1 (double click stockl in part view)
e Set the thickness at 2”
e Apply and OK

We will use this extra material as if we were clamping our part in a vice to demonstrate
how Z end works.

Run a 3D Simulation. Notice that FeatureCAM will cut to the bottom of the
stock.

e Edit the feature.
e Open the properties of rough6 and select the Milling tab.
e Set the Z End attribute to -1.510 as shown.
e Do the same for rough?7
e Apply and OK.
( Surface Milling Properties - srf_mill_1 | 'EJ 2K )
® sif_mil_1 | Tools [ Ffs | Milling |Leads|
Ehgn zlevel
= roughf Attributes for  rough?7
S rough? Check allowance =
Corner radius % =
Finish allowance = 0.0500 [[] Trochoidal cut
Max. ramp distance =
*El;lgﬁtiff;g override % = 50.0000 Reorder

Rough pass stepover % = 33.3000

Stepover rapid distance = Flat surface support

Targethorsepower = ’Level v]
Tolerance = 0.0050

Toolpath corner % = 0.0000

Total stock =

Zincrement=

Zstan-

New Value: -1.51

Click on an operation to set -
its attributes and Set Unset Reset All
feeds/speeds

OK l I Cancel ] I Apply Preview

e Run a 3D simulation

Note that the pass at the bottom is not cutting all the stock all the way to
the bottom as it was before.
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Parallel Roughing

Introduction

Parallel roughing is similar to Z Level Zigzag in that the toolpaths are parallel to an axis,
either X, Y or at an arbitrary angle. Unlike Zigzag the user does not have the option to make
a profiling pass at each level. Instead of profile passes the strategy makes a 3D Parallel semi-
finish toolpath over the whole part to remove the cusps left by the initial roughing operation.
Due to the nature of the toolpath the default tool chosen is a ball nosed cutter. We will now
rough machine the engine casing using a parallel roughing strategy.

e Open the part Primary_Case.fm
e Box select all of the surfaces
e Click on Features in the Step view.
e Check Surface Milling and press Next twice.
e On the New strategy form check Choose a single operation.
e Click Next.
e Check Parallel in the Roughing Strategies part of the form.
e Press Finish.
e Edit the feature by double clicking on it in the Part View window.
e Click on roughl in the tree view.
e Select the Milling tab and set the Z increment to 0.4” as below.
e Check Skip final Pass, click Apply then OK.
Surface Milling Properties - sr{milll l @ LX) )
® sit_mill | Tools [Fjs | Milling |Leads|
£ parallel
= roughl Attributes for  roughl
Check allowance =
Finish allowance = 0.0500
Maxx ramp distance =
Plunge feed override % = 50.0000
Priority =
Rough pass step_over“/uf 33.3000 /
Tolerance = 0.0050
Zend=
MNew Value: 04
oo e J[ wa |
feeds/speeds
OK ] ’ Cancel ] ’ Apply ] Preview
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e Click on the Tools tab and select a 1” Ball Endmill.
e Run a Centerline simulation.

The tool path runs parallel with the x-axis at the z-increments specified. Note the ramping
approach moves, these are needed where a non center cutting tool is approaching the stock
from above. We will deal with ramp moves in detail further on in these notes.

e Run a 3D RapidCut Simulation

Note the large cusps left between each pass along the X axis. We will now reduce these by
adding a semi-finish pass.
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e Click onroughl in the tree view.
e Select the Milling tab and uncheck Skip final pass.
e Click Apply and then OK.

e Run a 3D RapidCut simulation 9

Not
Machined

Large Cusps

The tool path now has a final pass that is parallel to the x axis that changes in z according to
the contour of the part. Note how the very top of the part is not machined. In order to ensure
that the semi-finish pass goes all the way across the part we need to put additional stock on
top to a thickness greater than the Finish Allowance. You will also notice that where the part
form is steep in a direction perpendicular to the cutting direction the stepover leave large

cusps. We will now fix these two problems.

Stock Dimensions

OEnterspeciﬁc stock dimensions
(@) Compute stock size from the size of the part

e Double click on the stock. Width
e Click on Resize.

Length

Imported Data: Extra stock size

Thickness

Stock size

e Add0.1” to the top of the

Length: 100787  + Extra stock size (-X):  0.0000 in. = 10.0787
stock. o
. + Extra stock size (+X): in.
* . CIICk NeXt and then Width: 6.2281 + Extra stock size (-Y):  0.0000 in. = 62281 I
Fl nis h . + Extra stock size (+Y):  0.0000 in U
Thickness: 1.5391 + Extra stock size (-Z2): Q0000 o, = 16391
+ Extra stock size (+Z).  0.1000 in.
<Back ” Mext > ” W Eimsh] ’ Cancel ] ’ Help ]
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e Edit the feature, select parallel in the tree view.
e Check Add perpendicular re-machining pass.
e Set the Steep slope angle to Zero degrees.
’Surface Milling Prope;ties - srf-_miilll‘- — - il T — u1
B sif_mill1 Strategy |Edges | Stock | Slopes | Surface comwl|
=55 parallel
5 roughl Operation Options
(@ Rough @ X parallel
(" Finish Y Parallel
Parallel angle 0.0
———p [/] Add perpendicular
remachining pass
=3 Steepslopeangle 0.0
["IRemachining
Previous tool diameter
Qvercut percent
Minimum rest material
Click on an operation to set
its attributes and
feeds/speeds
[ OK I | Cancel ‘ | Apply | [ Preview ] l Help

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

By setting the steep slope angle to zero we are forcing FeatureCAM to semi-finish in two
passes one along the X direction and the second along the Y across the whole part. This
technique can be useful when cutting very large parts with a ball nose cutter. If a larger Steep
slope angle is sent then only that portion of the part that is steeper that the specified angle
perpendicular to the X direction will be re-machined.
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Plunge Roughing

Introduction

Plunge roughing is a technique for removing large amounts of stock very quickly by a series
of drilling operations. Plunge roughing uses specialised tooling which resembles a long reach
insert drill. Before attempting plunge roughing you should consult with your machine tool
supplier to ensure that your machine spindle is capable of withstanding the large torque and
axial loads involved.

When applied correctly plunge roughing can give superior metal removal rates when
compared to traditional Z level roughing, particularly where deep parts are being roughed.
With normal roughing when working in a deep part, long reach tooling is required. As these
longer tools are more easily deflected the cutting feed rates have to be slowed to reduce the
side loading on the tool. With plunge roughing the main loading is along the axis of the tool
so the length has a much smaller effect on tool deflection.

e Open the file Die_Block.fm.
e Box Select all surfaces.
e Create a new Surface Milling Feature. Next twice.
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e Choose asingle operation. Next.
e Onthe New Strategy page select Plunge Roughing.

New Strategy

-

Finii

What kind of strategy would you like to use?

shing Strategies Specialized Strategies
Paralel () Horizortal + Vertical
Z Level () Comer Remachining
() Isoline © Penci
() 2d Spiral }
(7) 3d Spiral © Swarf
() Radial .
(7) Flowline

() Between 2 curves

Roughing Strategies

Z Level
Plunge
Parallel

[ <Back || Nea> %% Emish|,] | Cancel | [ Heb |

e Click Finish.

e Select roughl in the feature properties and click on the Tools tab.
e Select the 2” Plunge roughing tool then click Apply and OK.

-
Surface Milling Properties - srf_milll o )
B s mil Tools |F/§ | Miling
BE‘Z} plungs Criteria to restrict tools in list:
e 5 rough1
Tool Group: M Plunge Ml + |
Diameter: Arything - |
Ared
MName 4 Diam. End. Futes Cutterl =
D] plunger1300:PL 15000 0.0000 2 35000 =
[ plunger1500:PL. 1.5000 0.0313 3 17300
™l plunger2000:PL  2.0000 0.0000 & 4.0000
[ plunger2000:PL. 20000 00313 4 15700
[ plunger2500:PL 25000 00000 6 H5000 -
Click on an operation < | I | *
to set its attibutes and
feeds/speeds
oK || Cancel |[ eply || Preview Help

e From Options on the Menu bar select Simulation.
e Click on the 2D/3D Shaded tab and check Translucent part.

e Click Apply & OK.
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e Run a 3D Simulation.

The tool rapidly removes the material from the part by a series of drilling operations along
parallel lines in the X direction. The distance between the parallel passes and the shape of the
part determines the amount of material left on the part after plunge roughing. We will now
make the distance between the passes smaller to reduce the steps in the remaining stock.

e Eject the Simulation
e Edit the feature, click on rough1 and select the Milling tab.

There are two attributes which control the way that the plunge roughing tool steps over along
a single roughing pass and between each pass. We shall now look at the effect of each.

The first is the Rough pass stepover %.
This sets the spacing between each drilling operation along a roughing pass. The stepover is a
percentage of the tool diameter.

Rough Pass Stepover %

Rough Pass Direction
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The second attribute is the Next row stepover %o, this is the distance between each pass. The
default value is 80%, with our 2” diameter plunge rougher this is giving a stepover of 1.6”
leaving large steps.

J] J;;;;;;;;;;""bPassZ

Next Row
Stepover %

% 51,1,,,,, » Pass 1

When setting these two attributes, the user should take care to ensure that only the cutting

portion of the tool is plunging into the stock. Where an insert tool is not center cutting it is
very important to ensure that this will not be plunged into the stock. Failure to do this can

result in damage to the tool, the part, and also the machine tool spindle.

e Setthe Next row stepover and Rough pass stepover both to 33%.
Attributes for  rough

Check allowance =
Finish allowance = 0.0500
* Mend Row Stepover % = 33 <4

Plunge feed ovemde % =500000 | _—
Priarity = —

* Rough pass stepover % = 33

e Setthe Z start to -0.1".

By pulling the Z Start below the top of the material we are ensuring that we do not waste time
by plunging into material at the top of the part that is very thin.

e Click Apply and then OK.
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e Run a 3D Simulation.

It can be seen that the reduced Next row stepover % has removed a lot more material from
the part giving a closer approximation to the finished part. In most cases plunge roughing will
be followed by a semi-finishing operation to even out the steps in the remaining material on
the part.

e Open the file Die_Block_Fin.fm
e Options, Simulation, 2D/3D Shaded tab, turn off Translucent part.

e Run a 3D Simulation.

A Z-Level finish operation with a ball nosed cutter has been used with a leave allowance to
semi-finish the part by removing the steps left by the plunge roughing operation.
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Stock Types, Total Stock &
Boundaries

Introduction

So far in this module we have only considered roughing from a rectangular block of material.
Often in practice we may have material that is round or multi-sided, has been pre-machined,
or may be a fabrication or a casting. We will now examine the different options available for
defining the type of stock we are using. The first one we will look at is Round Stock.

Close down all documents in FeatureCAM.

In Windows Explorer navigate to the Data folder.

Drag and Drop the file Round.x_t into the FeatureCAM graphics area.
Select an Inch Milling document and click OK.

Select “Use the Wizard....” and Uncheck Launch AFR.

Import Results

FileMame: C:\FeatureCAM\3-fds"Roughing’\Data“Round x_t

(@) Use the wizard to establish the initial setup location and stock size
() Accept the imported data ‘as is” and exit the wizard

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

[ Launch AFR after finish

c8ack || Ned> |[¥A Fiish| [ Cancel | [ Hep |

e Click Next three times until you reach the Stock Type page.
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e Check Round and Z then click Next.

Stock Type

What type of stock will this part be machined fram?

() Block
@ Round
() N-Sided
Pods: @) X
ey
@z

In this case our part is round and has its axis pointing up the Z axis. We now need to ensure
that the round stock is centered on our part.

e Click on Center of revolved surface button.
e Click on the surface shown. Shade the solid if necessary.

Select Round Stock Center

FeatureCAM finds
the central axis of
the selected surface
and aligns the stock
to it.

e Click Next.

p

TN

/

&

¥

|/

\

\

|/

Select the center point of the round stock

M Pick location
ﬂ Center of revolved suface *—

[-1| Centerof imported data’s bounding box

™S Select this surface

| [ <Back ][ Nex> |[¥ Fiish| [ Cancel | [ Hep |

e Fill in the stock dimensions as shown and then click Next.

Stock Dimensions

Length

(@) Enter specific stock dimensions
Compute stock size from the size ofthe part

F—

D

Offset

Imported Data: Stock Dimensions ~ imported data
Length: 21017 25 in. Len Offset  0.0000 in
oD 275 in.
D 0.0 in.
[ < Back H Mext > ][\9‘ Eimsh] [ Cancel I l Help ]

The next step is to position the setup at the required position. In this case we want it to be at
the center of the upper end of the stock.
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e Click on the Hand to the Right of the stock on the form.

Pick Initial Setup XYZ Location

What is the location of the setup?

- @D

M Pick location "
@ Center of revolved surface

X 0.0000 Y 0.0000 Z 0.0000 The X¥Z locations are relative
to the center of the Leftend of

the stock.

| <Back || Next> | ¥ Einsh| | cancel | [ Hep |

e Click Finish.

The part is now correctly set up within the resized stock. We will now create a Z Level Offset
roughing path to clear the excess material from around the part.

e Click on Features in the Steps view.
e Check Surface Milling and press Next.

e Box select all of the surfaces and then press the Add from selected

items button il then click next.

e On the New strategy form check Choose a single operation.
e Click Next.
e Check Z Level in the Roughing Strategies part of the form.

Mew Strategy

What kind of strategy would you like to use?

Finishing Strategies Specialized Strategies
(L) Parallel () Horizontal + Vertical
(D ZLevel () Comer Remachining
I_llsoline (™) Pencil
(") 2d Spiral
(") 3d Spiral @) Swar
(L) Radial () 5-Axis Trim
() Flowline

() Between 2 curves

Roughing Strategies
@) Z Level
(") Plunge

() Parallel

| <Back || Next> | @FEinish| | [ cancel | | Help |
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o Click Next.
e Fill in the Strategy form exactly as below and then press Finish and OK.
Strategy
Operation Options
(@ Rough (@) Offset/spiral
() Finish (C)Zigzag
Profile contour
0.0
Classify slices as:
(7)3D Pocket
(@30 Boss
[ Multiple rough
’ < Back “ Next > ”@Einish '] ’ Cancel ] ’ Help ]

e Run a Centerline simulation.
e Changetoa Top View.

|

’f'
..‘\\
R

Note how the roughing passes are now confined to a cylindrical area around the part.
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N-Sided Stock

FeatureCAM can also create stock with a regular polygonal form such as hexagonal bar
stock. The stock size is defined by its number of sides and outer diameter (circumscribing

circle).

) Apply and OK.

Double click on the Stock in Part View and fill in the properties as shown.

Stock Properties - stockl

-

® stockl

Dimensions | indexing

() Block
() Round

(@) N-Sided
() User defined

%] x[ooo00 0.0000

ALUMINUM
Hardness (Br): 111
uHP: 0.30 HP min/in"3

Z 0.0000

Lo ]| J{

Cancel

Apply

)

Edit the surface mill feature, select rough1l and then the Milling tab.
Set the Z increment to 0.1 and Z End to -1.6 as shown. Apply and OK.

Surface Milling Properties -

srf_milll

==

® sif_milll
£-8D 2 level
=l roughl

| Tools [ Fjs | Miling |Leads|

Attributes for  rough

Check allowance =

Comer radius % =

Finish allowance = 0.0500

Index X coordinate =

Index Y coordinate =

Index 7 coordinate =

Max. ramp distance =

Plunge feed override % = 50.0000
Priority =

Rough pass stepover % = 33.3000
Stepover rapid distance =

Target horsepower =

Tolerance = 0.0050

Toolpath comner % = 0.0000

Total stock =

*Zincrement = 0.1000
Z start=

*Z end = 1.6000

[[JUse alt5-axis pos
[ Trochaidal cut

Reorder

Flat surface support:
Level
Direction..

Retract/Plunge

Output Options...

I

PostVars...

-1

New Value:

Click on an operation to set
its atributes and
feeds/speeds

Y

[ Set

I

Unset

|

Cancel

Apply

Lok ]I ||

] Preview

Run a Centerline simulation.
Change to a Top View.
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The roughing operation is now confined to a hexagonal region around the part.

e Run a 3D simulation.
e Change to as Isometric View.

Note: how the hexagonal stock is accurately represented in the simulation.
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Stock Curve

Often a part has to be machined from a billet that has been pre-machined into an irregular
prismatic form. For example the outline of the part may have been cut out using a band saw
or machined using a 2.5D feature such as a Side or a Boss. It would be very inefficient in
such a case to prepare a roughing toolpath based on a rectangular or round stock when most
of the material has already been removed. A Stock Curve allows you to define the outline of
the remaining material and then rough just within that area.

e Open the part Primary_Case_Stock_Curve.fm
In the Stock Properties dialog you will see that there is a curve in the part called “curve3”
which is offset by 0.125” from the outline of the model. We will now use this to define the

profile of the roughing stock.

e Double click on the stock1 to edit its properties.
e On the Stock Properties form click Stock Curve.

Stock Properties - stockl |£|

@ dndc Dimensions

© NSided | ALUMINUM
- Hardness (Brl: 111
uHP: 0.30 HP min/in™3

Stock Curve. .. ] [ Resize... ] [ Material...

i@ Block
(7 Round ) User defined

e Check curved and then click the OK & Apply button.

|'1

Select Stock Curve |i

Shiow all[ ] m
il E ;rzftilljec_kcﬂsxuendaw
Xiw o —

+

e Click OK.
e Change to an Isometric View.
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You will see that FeatureCAM is now using the curve to define the stock as an extrusion of
the outline of the remaining material. The thickness of the material defaults to the previous
thickness of the rectangular block but can be changed if required.

Box select all the surfaces.

Create a Z Level Rough. Use Offset/Spiral and Boss in the strategy.
Finish and OK

Run a Centerline Simulation.

Only the area within the stock curve is roughed out.

e Run a 3D Simulation.
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Total Stock

If the part is being machined from a casting or fabrication it may have an even thickness of
material left on all of the surfaces. In such a case using a stock curve will result in the
roughing making unnecessary air cutting moves. Fortunately in FeatureCAM we can allow
for this by using the Total Stock attribute. By setting a total stock value we are telling
FeatureCAM explicitly how much material is left on the part as a uniform thickness across
the whole model.

o Edit the surface mill feature, select roughl and then the Milling tab.
e Setthe Total Stock to 0.125” and Z Increment to 0.05” as shown.
e Apply and OK.

Surface Milling Properties - srf_milll | ki i:hl
® srf_mill | Tools [Fjs | Milling |Leads|
=12 z level
= roughl Attributes for  rough1

: Check allowance =

Comer radius % =

Finish allowance = 0.0500 Trochoidal cut
Max. ramp distance =

Plunge feed override % = 50.0000 7| Reorder
Priority =

Rough pass stepover % = 33.3000

Stepover rapid distance = Flatsurface support:

Target horsepower = 0.1240 Level -
Tolerance =0.0050
Toolpath comner % = 0.0000 Direction...
* Total stock = 0.1250
Zend= Retract/Plunge...
*Zincrement=0.0500 —
Z start= OQutput Options...
PostVars...
MNew Value: s
Click on an operation to set = —
its atiributes and —El Hnset ResetAll
feeds/speeds

Cance Apply Preview | | Help |
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The tool is now making a single roughing pass at each level to clear the remaining stock.
Stock Solid

When using Total Stock the remaining material is defined as an even thickness over the
whole model. In practice however, the stock form is often only a simplified version of the
finished model, and may include runners, risers and other features required by the
manufacturing process. FeatureCAM allows the user to represent the stock using a solid
model. Where a solid is used as the stock, the roughing process will only remove material
between the solid stock and the part being machined.

e Open the part Primary_Case_Stock Model.fm

In this part there are two solids, one (part_model) represents the part to be roughed, and the
other (casting) is to be used as the stock material.

e Show all and then hide the solid part_model. Shade if necessary.

This solid (casting) is the same as the part model except for certain changes; the recesses
where the screw holes were have been filled in and casting sprues have been added. The aim
of the following roughing process is to clear the area around the screw holes and remove the
sprues using the minimum amount of roughing moves. Note the runner (to the right) and the
risers (to the left). We will now prepare a roughing program to remove these from the part
model and to rough out the recesses

10 FeatureMILL3D 2012
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e Double click on the stock.

e Change the Stock type from Block to User defined.

e Click on Stock Solid.

Stock Properties - stockl

® siockl

=)
Dimensions | indexing
(7 Block w@/ ALUMINUM
= = Hardness (Bry 111
) Round @ USer defined
- nound SILSErdened 1. 0.30 HP minjin™3
| x[ooooo | v[ooooo |z [ooooo
| e .

Check the solid casting and then click the OK and Apply button. OK.

[ select Stock Solid )
Show all[] [T]
[wl sti
B[ conna
.
Ly

Run a Centerline Simulation then a 3D RapidCut simulation.
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You will see that the stock in the 3D simulation is the solid “casting” but that the actual
roughing toolpaths are still sized to the previously defined block. We need to make one more
change to allow FeatureCAM to calculate the roughing paths from the stock solid.

Eject the simulation.
Edit the feature srf_mill1.
Select the z level feature and then click on the Stock tab.
Check Use solid model then select casting from the pull-down menu.
Apply and OK.

Surface Milling Properties - srf_milll

|

B srf_millt
E}@ z level
.= roughl

| Strategy| Stock |Surface control

Choose the clipping curves for the material to be remaoved

() Use partsurface dimensions

() Use stock dimensions

Crearocut %2 100

.
P (@) Use solid model

l.:_.'SeIectcurvesforboundaries lelt
(@) Tool center

Curve Options Contact point
Tolerance  |0.00100
Show Combined Boundary
() Stock Model A

Click on an operation to set

its attributes and

feeds/speeds

[ OK ] I Cancel ] [ Apply ] Preview
T

¢ Run a Centerline Simulation then a 3D RapidCut simulation.

12
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Note how the roughing now machines only those areas between the finished part and
the stock solid. This eliminates a lot of air cutting.
Pocket/Boss

In all of the roughing operations so far we have used the default 3D Boss option on the
Strategy tab. We will now take a look at the 3D Pocket option and how it differs from the
Boss. The main difference between these two options is that with a Boss the tool will
approach the part horizontally from outside of the stock if possible. If the feature is defined as
a Pocket the tool will approach the part from above either by a plunging move or by ramping.

e Open the part Primary_Case_Pocket Boss.fm
e Run a Centerline Simulation and then a 3D Simulation.

|

Plunge

You will see that as the part is roughed out of the block stock the tool approaches the outer
areas by plunging outside of the block, the inner, enclosed areas are approached by a ramping
(blue zigzag) move from above.

Often when roughing such a part the stock may be clamped on the outside, or the material
may have been roughed earlier by cutting from the opposite side of the block. In such a
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situation the user would probably want to machine only the center pocket of the part and
leave the outer area. We can do this by switching from the 3D Boss option to a 3D Pocket.

o Edit the feature srf_milll and click on z level.
e Click on the Strategy tab and check 3D pocket. Apply and OK.

Surface Milling Properties - srf_milll |£|
M sif_mill Strategy | Stock | Surface control |
EIEE' %evel » Operation Options
roug i@ Rough (@) Offset/spiral
() Finish () Zigzag
Profile contour
Parallel angle 0.0
Classify slices as:
ﬁ @ 30 Pocket
713D Boss

e Run a 3D Simulation.

FeatureCAM is now looking for enclosed pockets so the area outside of the part is not
machined. This only happens because there are NO Part Surfaces selected outside of the
area to be machined. If any surfaces outside of the pocket area are selected then they would
be machined also, however, the selected areas outside of the pocket would be approached
from above by ramping moves and the tool would not go outside of the block. This can be
useful when machining a part that is held in soft jaws with the minimum amount of damage
to the jaws.

We will now add in extra surfaces to the Part surface list to force FeatureCAM to rough
outside of the part as well as inside while restraining the toolpath to the stock outline.
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Right click on the solid Base in the Part view and Show selected.
Edit the feature srf_milll and click on Part surfaces.

Select the face face_267 and Add it to the part surfaces list.
Click OK and Apply then OK.

Note: face 267 is the upper face of the solid called base.

e Run a Centerline Simulation and then a 3D Simulation.

Notice how the toolpath now remains inside the outline of the stock and approaches by a
ramping move from above in all cases. The final roughing pass is above the surface face_267
by a distance equal to the finish allowance plus the tolerance.
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Use of Boundary Curves

It is often convenient to limit the area to be machined using a Boundary. A boundary is a
curve which is used to define an area of the part that is to be machined. The area to be
machined may be either within the curve (a boundary) or outside of the curve (an island).
Multiple curves may be used to define “nested” roughing areas as long as the curves do not
cross. In this first example a simple curve will be used to limit roughing of the upper side of
the primary case model.

e Open the part Primary_Case_Boundaries.fm from:
e Run a 3D simulation.

A 2.5D Boss feature has been used to rough out the billet. We will now rough out the
remaining material using a boundary to minimize air cutting.

e Box select all the surfaces.
e Create a Z level surface mill feature. Offset/spiral and 3D Boss
e Finish.

Select the Milling tab (roughl) in the Surface Milling Properties dialog.
Set the Z Increment to 0.1”.

Select the Stock tab (pick z level in the tree).

Click on Select curves for boundaries.

Click on Curve Options button.

Surface Milling Properties - srf_milll l&

B sf_milll | Strategy| Stock |Surf‘ace contral
=55 z level

= roughl Choose the clipping curves for the material to be removed

() Use partsurface dimensions
() Use stock dimensions
100
00
() Use solid model
@ casting - 0.00000

-@.-Selectcurves for boundaries Limit

. Tool center
> (S Cntons Contact point

nonann
L.oUToU

’ Show Combined Boundary

() Stock Model -

Click on an operation to set
its attributes and
feeds/speeds

OK l ’ Cancel ] I Apply Preview
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Click on the Curves... button.

Boundary Curve

Boundary curve type. oK

30 pocket [closed profiles, optional clozed izlandz)

i@ 3D boss [closed profiles] Cancel

“I o

Help

Curves

Lirnit tool path to boundaries AMND stack
Owercut % (100

Curves Other zide

lsland curves lslands...
Curve allowance 0 Ise default
Total offset Use default

\

Select the curve called profile.

P

Select Boundary Curves L

Show all [ oK.

&+ | curveld
=
il O curvel?
O curveld
il vl profile
O curve2d

Click OK, OK then Apply and OK.
Run a Centerline simulation.
Run a 3D simulation.

FeatureMILL3D 2012
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FeatureMILL3D

The 3D roughing now only machines the material left after the initial 2.5 Boss roughing

operation. This gives a very efficient toolpath removing the maximum amount of stock in the

minimum time.

= . .
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Stepovers & Leads

Introduction

During roughing operations, FeatureCAM gives the user a very high level of control over the
way that the tool initially engages the part and how it steps over between each pass on a z
level. These connecting moves are controlled from within the Leads tab of the roughing
feature. We will now look at the options available for stepping over between passes.

Stepover types

When FeatureCAM clears a z level it does so by means of a series of parallel passes, each
separated from the next by the Rough pass stepover %. The way in which the passes are
connected on a z level is controlled by the Stepover type attribute on the Leads tab of the
roughing feature. Stepover types that are available are Direct and Arc. By default the
stepover type will be direct.

e Open the part Primary_Case_Pocket_Leads.fm
e Run a Centerline Simulation.
e Inthe Operation List click on the pulldown next to roughl — z level.

Operation List

2 (@) Automatic Ordering
o4

Manual Ordering to
R.. Operation Feature Tool
o roughl -z level x| sf_milll endrr
Results 7 level: -0.0909

e Select the first z level.
e Hide all features and select a Top view.

Straight line
\‘J\ stepovers between
T parallel passes
b

By default FeatureCAM
makes a direct straight-line
move from the end of one
pass to the beginning of the
next. This can lead to sudden
changes in direction which
may be undesirable,
particularly during high
speed machining.
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We will now change the stepover type from Direct to Arc. In an Arc stepover the tool makes
a smooth circular arc move off one pass and then leads into the next pass with a second
circular arc. This minimizes the rate of change in direction of the tool, and also reduces the
changing of the tool load as it leaves one pass and engages the next.

e Eject the simulation.
e Edit the feature srf_mill1 and click on rough1.
e Select the Leads tab.

Surface Milling Properties - srf_milll |£|
g
| =t mil] | Tools |F/5 | Miling | Leads | /
J-53) zlevel Stepover type |ﬁ.m ‘ v|
S roughl Lead4n/out options

e Change the Stepover type to Arc. Apply and OK.
¢ Run a Centerline Simulation.
¢ Inthe Operation List click on the pulldown next to roughl — z level.

Operation List

2 (@) Automatic Ordering

Manual Ordering T
R.. Operation Feature Tool
o roughl -z level x| sf_milll endmr
Results 7 level: -0.0909

e Select the first z level.
e Hide all features and select a Top view.

k\ Smooth "S-shaped” arc

\ links connecting passes
%

The passes are now connected by a smooth S-shaped arc leading off from one pass and onto
the next. This allows the machine to be run at a higher speed and minimizes shock loading on
the tool, thus reducing chipping and wear.
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Ramping moves

When FeatureCAM roughs out a pocket, by default, all approach moves to the part will be
ramps. That is, instead of plunging the tool directly into the material the approach will be
made by a series of zigzag moves which progressively move the tool down into the material.
We will now examine how these ramping moves may be controlled.

Ramp angle and Maximum ramp distance

The two attributes that control linear (straight line) ramping are the Ramp angle and the
Maximum ramp distance.

The Ramp angle controls the angle at which the tool approaches the part while moving
downwards to the roughing z level. By default this is 5 degrees. In practice the angle that can
be used will depend upon the type of tool being used and the material. For example with a
center cutting tool it may not be necessary to ramp at all whereas an insert cutter may require
a shallow ramp angle.

The Maximum ramp distance controls the length of the Zigs and Zags in the ramp. If no
value is explicitly set by the user then FeatureCAM will base the maximum ramp distance on
the tool diameter. The user can also choose to enter a value based upon the cutter geometry so
as to prevent build-up of swarf below the tool center.

Max. Ramp Distance

Ramp Angle

!

The diagram above shows a side view of a toolpath ramping into a part.

e Run a Centerline simulation.
e Click on the pulldown next to roughl in the operation list.
e Select the first roughing level. Change to an Isometric view.
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)

The tool approaches the material by making a series of zigzag moves at the default angle of
five degrees to the horizontal plane.

Eject the simulation.

[ ]
e Edit the feature srf_milll and click on rough1l.
e Select the Leads tab.

[ ]

Set the Ramp angle to 15 degrees.

Surface Milling Properties - srf_milll |_§§ |
M s mill Tools I F/S | Miling | Leads
= @ zlevel Stepovertype [Arc v]
5 rought Lead-in/out options

() Plunge to depth

@ Ramp to Depth
[ Helical:
Ramp angle 15

() Plunge to Pre-drll location
Dirill diameter

1]
=)

Approach options
Approach outside whene possible

Click on an operation

to set its attribut d
f::dsf:p)eegs =
Cancel Apply Preview ] [ Help ]

¢ Run a Centerline simulation. Apply and OK.
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e Click on the pulldown next to roughl in the operation list.
e Select the first roughing level.

\
\

The tool is now approaching the material at a steeper angle and making fewer moves on the
way down. Approach moves are made at a slower feedrate than normal cutting moves,
typically 50% slower. This means that the amount of time spent ramping can end up being a
significant proportion of the overall machining time. By increasing the ramp angle we are
reducing the total distance travelled in the approach moves and thus reducing the time taken

to machine the part.

Eject the simulation.
Edit the feature srf_mill1 and click on rough1.
Select the Milling tab.

Set the Max. ramp distance to 2 Inches.
Surface Milling Properties - srf_milll e

B sif_milll | Tools | Fis | Milling | Leads|

=hg1 z level
= roughl Attributes for - rought

Check allowance =
Corner radius % = _
Finish allowance = 0.0500 [C] Trochoidal cut
Plunge feed override % =50.0000 Reorder
Priority =

Rough pass stepover % = 33.3000

Stepover rapid distance = Flat surface support

| Target horsepower =0.6201 [Level

Click Apply and OK.

¢ Run a Centerline simulation.

e Click on the pulldown next to rough1l in the operation list.
e Select the First roughing level.

Note how the length of the ramping moves has increased from the default of the tool diameter

to two inches.
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e Click on the pulldown next to roughl in the operation list.
e Select the roughing level near Z -0.850.

S

Straight Ramp

Helical Ramp

At this lower level the size of the part is smaller and consists of two separate pocket areas.
FeatureCAM uses the specified ramp distance wherever possible. In the smaller round pocket
area it is not possible to fit in a ramp with the specified length of two inches so FeatureCAM
automatically switches to using a helical ramp.

It is possible to force FeatureCAM to use a Helical ramp in all cases:

Eject the simulation.

Edit the feature srf_milll and click on rough1.

Select the Leads tab.

Check the Helical check box below the Ramp to depth wording.
Apply and OK.

Run a Centerline simulation.

All of the ramping moves are now helical. It should be noted that the Maximum ramp
distance also applies to helical ramping moves. Rather than defining the length of the move
before the direction is changed for a helical ramp the distance defines the diameter of the
helix.

Eject the simulation.

Edit the feature srf_mill1 and click on rough1.

Select the Milling tab.

Change the Max. ramp distance to 0.25”. Apply and OK.
Run a Centerline simulation.

Note how the diameter of the helical ramp is reduced.
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Plunging to Pre-drilled holes

If a roughing cutter does not center cut ramping moves can be used to allow the cutter to
engage the material without causing damage to either the cutter or the part. The main
disadvantage of ramps is that the cutter is moving at a reduced feedrate and making
unproductive moves. Where a part has many roughing levels and a shallow ramp angle used
the ramps can become a significant proportion of the overall cutting time. It is often more
efficient to use a pre-drilling operation to provide a location where the roughing tool can
plunge into free space and then engage the material in a horizontal cutting move.

Eject the simulation.

Edit the feature srf_milll and click on rough1.
Select the Leads tab.

Check Plunge to pre-drill location.

Set the Drill diameter to 0.75”. Apply and OK.

Surface Milling Properties - srf_milll |_

M sf_mil1 Tools IF,-’S |Milling Leads

i S predil Stepover type [Direct v]

E% 2level Lead+n/out options
5 [k () Plunge to depth

() Ramp to Depth

Relical:

(@ Plunge to Pre-drill location

Drill diameter 0.75 [ Spot drill

It is also possible to add a Spot drill operation if required, in this case we will not.

e Use Play to next rapid in a 3D simulation.

The tool plunges into the center of the pre-drilled holes. The locations of the holes are
automatically calculated to lie at the lowest point of each enclosed area of the part.
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Roughing Flats

Introduction

The area clearance strategies in FeatureMILL3D have an option that allows the user to
control the way in which flat areas of the model are rough machined. There are cases in
which the user will want to ignore flat areas leaving extra material in the vertical direction on
those areas. Usually it is necessary to remove material from the horizontal areas to leave the
same amount of stock there as on the rest of the part.

e Open the file Flats.fm.
e Select an Isometric view. Shade the part if necessary.

This model contains several horizontal flat areas. If these areas are not machined there may
be an excess of stock remaining for semi-finishing process to work well. We will now look at
how to control the machining of flats.

e Click on Features in the Step view.
e Check Surface Milling and press Next.
e Box select all of the surfaces and then press the Add from selected

items button il then click next.

¢ On the New Strategy dialog check Choose a single operation.
Click Next.

Check Z Level in the Roughing Strategies part of the dialog.
Press Finish.

Edit the feature.
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e Click onroughl in the tree view.

e Select the Milling tab.

e Fill in the form exactly as shown below, setting Flat surface support to Off
and setting the Z increment to 0.5”.

e ™
Surface Milling Properties - sri_milll m
B srf_mill | Tools | F/s | Miling | Leads|
E}g@ zlevel
.= roughl Attributes for  roughl

Check allowance =
Cornerradius % = .
Finish allowance = 0.0500 [ Trochoidal cut
Max. ramp distance =
Plunge feed override % = 50.0000 Reorder
Priority =

Rough pass stepover % = 33.3000
Stepover rapid distance =

™~

Flatsurface ghipport

Targethorsepower = ’()ﬁ v]
Tolerance = 0.0050
Toolpath comner % = 0.0000
Total stock =
* Z increment = 05000

New Value: 5

Click on an operation to set
its attributes and Set Unset ResetAll
feeds/speeds

o J [ cmonr J[_poww ][ roven

Press Apply and OK.

Click Manufacturing on the main menu.

Choose Post Process.

Set the Tool change location Z to be 4”. Click OK.
Run a Centerline simulation.

As Flat surface support is turned off, FeatureMILL3D has ignored all of the flat surfaces and
cut only at the specified Z levels (every 0.5” down from the top of the stock).

It can be seen that a lot of
stock remains in the areas
indicated. This could cause
problems for subsequent
operations. We will now
look at the alternatives.
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Edit the feature.

Click on rough 1 in the tree view.
Select the Milling tab.

Change Flat surface support to Level.
Click Apply and OK.

Run a Centerline simulation.

Select a view from the Left.

1

== A - %
Three new levels added T

Three extra roughing levels have been added. These are offset from the flat surfaces by the
Finish Allowance plus the Rough Tolerance. The levels extend all the way to the edge of the
block thus increasing the machining time. If a part has many flats the machining time may
become very long.

e Select an Isometric view.
e Run a 3D Simulation to see how the flat levels are cleared all the way to
the edge of the stock.

We will now look at the most efficient way of machining the flat areas on the part.

Edit the feature.

Click on rough 1 in the tree view.
Select the Milling tab.

Change Flat surface support to Area.
Click Apply and OK.

Run a Centerline simulation.

Select a view from the Left.
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Note how the flat area clearance now only extends to the edge of each flat area. This
eliminates unnecessary tool moves and will result in a shorter, more efficient toolpath.

e Select an Isometric view.
e Run a 3D Simulation to see how the flat levels are cleared only in the
required areas.
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High Speed and High
Efficiency Roughing

Introduction

The aim of the roughing process is to remove as much material from the part in the shortest
possible time. There are three main approaches to this, High Efficiency roughing, High Speed
roughing and Plunge roughing.

In high efficiency roughing special tooling is used to take very heavy cuts. This removes the
maximum possible amount of material per pass. Due to the heavy cuts it is important to
maintain a steady load on the tool. FeatureCAM uses the trochoidal milling method in areas
where a tool overload condition would occur. Trochoidal milling moves the tool into the
material in a series of loops whenever a potential overload is detected.

In high speed roughing a relatively light cut is taken but the cutting speed is made as fast as
possible. While it is possible to output NC code with very high feederates, in practice such a
program would probably not run at the programmed speed on a machine tool. The controller
slows down the feedrate each time a sharp change of direction is detected. The accelerations
and decelerations involved can result in a program taking much longer to run than expected.
To program a true high speed program it is important to minimize changes in direction and
make the transitions between directions as smooth as possible. FeatureCAM’s trochoidal
milling and patented raceline machining processes are ideally suited to high speed roughing.

Plunge roughing roughs a part by a series of drilling moves using a large cutter. Specialized
tooling is required. As the machine is only moving in Z it is more rigid and hence more
aggressive feeds can be used. Plunge roughing is particularly suited to deep pockets. With
conventional cutting the feed rate has to be reduced the longer the tool gets. With plunging
the same feedrate applies all the way down the pocket. Plunge roughing is covered in a
separate document.
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High Speed Roughing

Open the file Fast_Rough.fm.

Box select all the surfaces.

Create a Z Level roughing feature. Use Offset/Spiral in the Strategy.
Click Finish.

Click on rough1 and select the Milling tab.

Change the Rough pass stepover % to 15%. Apply and OK.

Run a Centerline simulation.

In the Operations List, click on the down arrow next to the roughing
operation and select the second roughing level.

Operation List

i1, @ Automatic Ordering

|_JManual Ordering T
R.. Operation Feature Tool
o roughT -z level x| sf_milll endm
Reslts z level: -0.0596
z level: -0.5025
z level: -0.7978

e Selectatop view.
P e ]

ANRRRRANRRINRERNE:

w [l (
LA RAT T

Eg é ],

LT —"TH

|
1

This has created a Z Level roughing operation with the default settings. Note the sudden
changes in direction; this path is not suitable for high speed machining. We will now modify
so that it can be run at high speed.

Eject the simulation &
Select the Milling tab and change the Toolpath corner % to 50.

Click Apply, then Preview and then Play selected B
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¢ In the operations list click on the down arrow next to the roughing operation
and select the second roughing level.

=
=
.
=
7
(i
=

—l

A0 —O o

Note how the toolpath now has radii where it changes direction also the way that the paths
are smoothed as they get further from the profile. This path has some cuts which engage a
large part of the cutter diameter however as we are going to use a small depth of cut this is
not important. Although the cutting portion of the toolpath now is much smoother the
stepovers still make sudden changes of direction. We will now change this.

Eject the simulation =

[ ]
e Double click on the feature to open its properties.
e Select the Leads tab and change the Stepover Type to Arc.
e Select the Milling Tab.
e Setthe Zincrement to 0.025” and Rough pass stepover to 10%.
Surface Milling Properties - srf_milll :@u‘
® sif_mill [ Tools [F/s | Miling |Leads|
=80 7 level
= roughl Attributes for  rough1
CheckaHowanﬂce=
gi%g?g”a;\;snf; 00500 [TI Trochoidal cut
Max ramp d\stance:u
E:-l‘f,?; :esd override % = 50.0000 Reurder
Sepovmreapddance— Fiatsuface support
Target horsepower = 0.0186
Tolerance =0.0050
Toaamee [ precten- ]
*ZZ\e:cdr(:ment:DDQBD

New Value: 0.0250

Click on an operation to set -
its attributes and Set Unset Reset All
feeds/speeds

l OK ] l Cancel I [ Apply Preview

e Run a Centerline simulation.
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¢ In the operations list click on the down arrow next to the roughing operation
and select the roughing level at Z -0.4053 or thereabouts.

LSS
=/

N
W
W [ANSAN

—
= M=

Note: the links now make a smooth arc between the toolpath segments.
e Select an Isometric view and run a 3D simulation.

The material is roughed out in a series of shallow steps with a small stepover. The smooth
shape of the toolpath and the small amount of material being removed per pass means that the
cutter can run much faster giving an overall high rate of metal removal.

e Eject the simulation —
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High Efficiency Roughing

We will now take a look at high efficiency roughing where a large tool will be used with a
deep cut and small stepover to increase the metal removal rate.

e Double click on the feature to open its properties.
e Select the milling tab and fill in exactly as below.

Surface Milling Properties - srf_milll :MJ
® si_mill | Tools | Ffs | Milling | Leads|
E-8D 2 level
g roughl Adributes for  rough1

Check allowance =
Comer radius % =

Finish allowance = 0.0500 [T Trochoidal cut
Max. ramp distance =

Plunge feed override % = 50.0000 Reorder
Priority =

*Rough pass stepover % = 33.3000
Stepover rapid distance = Flat surface support

Targethorsepower =1.2402

Tolerance = 0.0050

Toolpath corner % = 0.0000
Total stock =
Zend= Retract/Plunge...
*Zincrement = 0.5000
Zstart= Qutput Options...
New Value
Click on an operation to set
its atiributes and Set Unset Reset All

feeds/speeds

[ OK ] i Cancel ] i Apply Preview

"

e Single step a 3d simulation.

The initial moves into the material are taking a very heavy full width cut. This overload
situation may cause damage to the tool and would require a reduced feedrate. We will now
use Trochoidal roughing to reduce the tool loading.
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Limiting tool overload

When roughing a part which has narrow slots, when entering a sharp corner or on the first
pass in a pocket it is desirable to avoid overloading the tool. It is possible to do this by using
trochoidal machining. This strategy detects when tool overload is likely and changes from
normal machining to a toolpath which enters the overload area in a series of loops as shown
below. This greatly reduces the tool loading and allows the toolpath to be run at a higher
feedrate without damaging the tool.

Naﬂow
.'ICh annel

wmharp Corner

e Eject the 3d simulation.

e Edit the feature and select the Milling tab.

e Check Trochoidal cut and set Avoid overload to 25%.
Surface Milling Properties - srf_milll

| e S

F/s | Milling | Leads|

iand/Collapse the Toolbox Window. il
b I

= @_Zlevel
= roughl Afiributes for  rough1

* Avoid overload (% stepover) = 25

Check allowance =
Corner radius % =

Finish allowance = 0.0500
Max. ramp distance =

Trochoidal cut

[¥]Reorder

This is telling FeatureCAM that when the tool engagement reaches 25% of the tool diameter
the cutting strategy should be switched to Trochoidal.

e Click Apply and then OK.
e Run a Centerline simulation.
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¢ In the operations list click on the down arrow next to the roughing operation
and select the roughing level at Z -0.5037.
e Take a Top view.

=
: )
(
=
AT -
e

T AN
It can be seen that the toolpath has changed so that the tool overload situation is avoided by
changing to Trochoidal moves. The tool loading is significantly reduced but the overall

toolpath length is increased, this will mean that the roughing process will take longer to
complete. This can be fixed by using FeatureCAM’s Feedrate Optimization capability. We

will see how to do this at the end of this module.

e Run a 3D simulation.
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The bulk of the material is removed quickly but the remaining stock has large steps. Due to
the large tool diameter a lot of material is left on the inside corners. A second roughing pass
will be added to reduce the steps and remove more material from the corners.

Double click on the feature to open its properties.
Select Z level and fill in the form as below.

Surface Milling Properties - srf_milll

M s mill Strateay | Stock | Suface control
EI@ e Operation Options
S=fned IRET -
roug () Finish () Jig-zag
[¥] Prafile contour
Farallel angle
Classify slices as:
i) 3D Pocket
@) 30 Boss
Muttiple rough
Tool diameters 05,025
Click on an operation
to get its attributes and
feeds/speeds
| ok || cancel || Appy || Preview || Hep |
Click Apply.

Select the second roughing operation and set its Z increment to 0.05”.
Run a 3D Simulation.

FeatureMILL3D 2012



FeatureMILL3D High Speed and High Efficiency Roughing

The material is quickly roughed out by the large tool, the steps and excess inside
corner material are then reduced by the smaller tool in the second roughing operation.

Feedrate Optimization

In the previous example trochoidal roughing was used to reduce the loading on the tool when
first engaging the part and in confined areas. While this technique reduces the tool loading it
also increases the overall length of the toolpath. Fortunately FeatureCAM has the ability to
vary the feedrate on each block of NC code within a toolpath. The rate can be increased or
decreased depending upon the actual amount of material being removed by the tool and a
target horsepower which the user sets for each operation.

e Run the simulation and then click on the NC Code tab.

NC Code

%%
00001 (FAST_ROUGH FIN)
EEE,I#’S;gE}Lﬂ}ﬂﬁ;&S?‘E) Just two machining feedrates are being used within this,

{ MACHINE TIME = ) program, the plunging feedrate and the cutting feedrate.

M35 { ROUGHS Z LEVEL SRE_MILLT ) ] ]
M40 GO G17 G20 G40 We will now instruct FeatureCAM to calculate the

MN45 T1 W6 ( ENDMILLOSOD:-REG 05 DI4, ) it maintai i i
N0 GEA G40 532177 70,0995 S496E M3 feedrate such that it maintains an optimum loading on the

NES G43 H1 21.0 8 tool, where the cut is lighter the tool will move faster,
NED 20.1 where the cut is heavy it will slow down.
NG5 G1 Z-0.0608 F24.8

N70 32052 F49.6

N7 X3.183 v0.0592

N80 X3.141 v-0.0117

NBS 3.0947 'v-0.0798

MNA0x3.0436 v-0.1502

NAE X3.0038 'v-0.2023

N100%2.9515 v-0.2624

N105 %2.7334 v-0.265

e Edit the feature and select the Milling tab for the first roughing operation.
e Setthe Target horsepower to 0.2 HP.
e Click Apply and OK.
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IS B
Surface Milling Properties - srf_milll .M

® sri_mil | Tools | F/s | Milling | Leads|

=50 z level
= rough5 Attributes for  roughs

£ rought Avoid overload (% stepover) = 10.0000
Check allowance =

Corner radius % = [¥] Trochoidal cut
Finish allowance = 0.0500
Max ramp distance = Reorder
Plunge feed override % = 50.0000
Priority =

Rough pass stepover % = 33.3000

Stepover rapid distance = ’Level ']
* Target horsepower = 0.2000

Flat surface support:

Tolerance = 0.0050
Toolpath comer % = 0.0000

Zend=

Z start=

New Value:  0.2000

Click on an operation to set
its attributes and [ Set ] [ Unset l Reset All
feeds/speeds

Cancel Apply [ Preview ] [ Help ]

Given the required tool loading (0.2 HP) FeatureCAM can then look at the spindle speed,
number of flutes on the tool and the material properties and calculate the required feedrate to
maintain the load on the tool.

e From the Manufacturing menu select Feed optimization.
e Fill in the form as shown below:

i B
Feed Optimization |i|

i

Increasze feed when load iz below % of target horsepower 25

But do not increase feed beyond % of programmed feed. 400

i

[Decreaze feed when load is above % of target horsepower. 110 4
But do not decrease feed below % of prograrmmed feed. 25 %

Perform super zampling to calculate instantaneous tool load.

Murnber of times to meazure tool load per simulation 500
TNt

Uze different feed rates on a single block. when toal load varies.

it

Digtance to split toolpath based on % of tool diameter. 10

E nable proportional £ plunge target horsepower reduction.

Fleduce target horsepower by % on straight 2 plunge. a0 =

[ Rezet l [ Ok ] [ Cancel ] [ Help l

The first item is telling FeatureCAM that if the load is less than 85% of that specified (0.2
Hp) then the feedrate should be increased until the calculated load is as required.

10 FeatureMILL3D 2012



FeatureMILL3D High Speed and High Efficiency Roughing

The second item limits the feedrate so that if the cut is extremely light the feedrate does not
go more than four times the originally programmed rate.

The third item is limiting the overload on the tool by setting an upper limit for the
horsepower, in this case 110% or 0.22HP.

The fourth item sets a lower limit on the feedrate so that the tool does not move at an
unreasonably slow speed when encountering heavy cutting conditions.

The other items are fairly self explanatory, for further information please see the help file.

e Click OK.

FeatureCAM now recalculates the toolpath. For each move it calculates the feedrate required
to maintain the spindle loading within the limits specified above. The resulting NC code is
shown below.

NC Code

%4

o000 (FAST _ROUGH FIM)
(SETUFT -01/07/2009-11:34:26 )
[ FEATURECAM - HAAS WE )

{ MACHINE TIME = )

M35 [ ROUGHS 2 LEVEL SREF_MILLT )

MAD GO G17 G20 G40

M45 T1 kB (ENDMILLOSO0:REG 06 D14 ) It can be seen that the feedrate is now varying.
M50 G4 GHDX3.2177%0.0995 54965 M3 As the Trochoidal toolpath is reducing the

MB5 G43 H1T 21.0 M8 loading the feedrates are being increased. This

MB0 201 . . ..

NEE 51 7-0.0608 F99.3 \t/_VI|| resutlrt] in theht_oolpath running in a shorter
N70%3.2052 F198.6 Ime on the machine.

MG H3183 ¥ 0.0592 F184.7 ) ]

ME0 X3 162 v0.0237 F157.4 The more constant loading will also reduce

MBE 23141 %-0.0117 F198.6 rubbing in areas where the cut is light and
ME0%3.0847 %-0.0743 prevent overloading in heavy cut areas. This will
Y5 %3.0436 ¥-0.1502 increase the tool life and give a better surface
MT00x3.0038 ~-0.2023 finish

M105=2.9615 v-0.2524
M110=2.7334 v-0.265
MT15Y-0.2525

M120=2.7409 v-0.2443

MT25 =2.7482 v-0.2371 FIE6.3
M130=2.7817 v-0.2014 FEER
M135=2.8152 v-0.1656 FB3.1
MT40%2.8638 v-0.1105 FEZ B
M145 29089 v-0.0524 FE1 B
MN1E0 2934400172 F/1 5
M165=2.9599Y0.018 FB5.9
MTB0>3.00040.0776 F105.8
MTBE *3.0372 Y0.1396 F133.1
MT70=3.0631 Y0.1865 F171.8
M175=3.1148 Y0.2803 F198.6
MT80>3.1454 0.3398
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