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PowerMILL 2011 1. Getting Started

1. Getting Started

Introduction.

This course covers the 3-Axis functionality available in PowerMILL. The additional features
available with PowerMILL—-Pro and Five Axis licenses are covered in separate modules.
PowerMILL will quickly create gouge free cutter paths on imported component data. It
supports Wireframe, Triangle, Surface, and Solid models created by other Delcam products
or from neutral formats such as IGES. If the relevant PS-Exchange translators are purchased
PowerMILL will also directly import data created by other of proprietary CAD packages.

Start PowerMILL

e Double click the relevant PowerMILL shortcut icon on the desktop:

Note:- On the training pc the icon will be displayed as PowerMILL . 0 e

The following screen is then displayed:
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1. Getting Started

PowerMILL 2011

The screen is divided into the following main areas:

File %iew Insert Oraw Tools Hel
1) Menu Bar - a

Clicking one of the menu names on this bar (for example, File) opens a pull-down list of
associated commands and sub-menus. A sub-menu is indicated by a small arrow to the right
of the text (for example File - Recent Projects >). Highlighting this arrow generates a list of
commands/names specific to that sub-menu (for example, File - Recent Projects displays a
list of recently opened projects that will open directly when clicked).

2) Main Toolbar - o g1 5 | @ 5 FF WG S | & | & [Eroser s v %o fTR

This provides quick access to the most commonly used commands in PowerMILL.

3) Explorer -

»
—>

The Explorer provides control options and storage of PowerMILL entities
created during the session.

4) Graphics Window — This is the large, visual display area to the right of the
Explorer (Look at the illustration on previous page).

5) View Toolbar - |7, 7.5, @6 E® 0 & 0,2 | Iy 7 x
Provides quick access to standard view and shading options in PowerMILL

6) Information Toolbar -

&, "R W® o | (s [sws]lo | gn tHm P -9 |z«

This area provides a reminder of some of the active setup options.

Tool Toolbar - facilitates the rapid creation of tools in PowerMILL.

The other toolbars are not factory defaults, and are therefore not shown at initial startup. To
display any of these, select using the relevant option under View - Toolbar, for example
View - Toolbar - Toolpath to display the Toolpath Toolbar:

Fie | View Insert Draw Tools Help

[ FResmwFt
= ZoomtoBox...
$ " ren
— 10
. Tool

H: Rotation Anchor

1 Refresh

" Blank Selected
° Blank Except
4" Blank Toogle

! Unblank

1 Snapshot...
- Dynamic Sectioning...

-8 Macros

Fé&

Cirl+R.
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Cirl+K
Cirl+y
Cirl+

FTowows

2% &
- b

v Viewing Alt+y
w ViewMill

Boundary g

v Status

v Todl
Wieb

v Simulation
Machine Toal
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Slices
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To change the background colour of the graphics area, select Tools - Customise Colours and
select View Background. The Top and/or Bottom colours can be changed independently
and Reset using Restore Defaults to restore to the original settings:

% Customise Colours

2

-- MC Program
- Toolpath
- Tool

-- Boundary

;I Selected Colour ———————————

Edit... |
Reset

(- Pattern

-- Feature Set Cipboard

- Workplane @@”:I
[ Model

- Stack Model

- Block

-- Area Clearance
- Collision Checking
(- Local Thickness Sets

[#]- Default Thickness Sets
&- Machining Mode
I -Transform
E| View Background
R To)

All Colours

28|

Reset All |

Restore Defaults |

PowerMILL remembers Toolbar and colour selections from one session to the next, for
example, if the Toolpath Toolbar is open when the session is closed, it will appear the next
time that PowerMILL is opened.

Mouse buttons
Each of the three mouse buttons perform a different dynamic operation in PowerMILL.

Mouse button 1: Picking and selecting

This button is used for selecting items off the pull down menus,
options within forms, and entities in the graphics area.

The method of selection is controlled by 2 options accessed from the
Viewing toolbar the default being ‘Select using a Box’

i

LR R

Select using a box _[:EJ

If the cursor is positioned on an entity, such as part of a surface model and the left mouse
key is pressed, then the item will turn yellow signifying that it has been selected.

If the same process is applied to another surface, all currently selected items will be de-
selected.

If the Shift key is held down during the process then the new selection will be added to the
original selection.

If the Ctrl key is held down while clicking on a surface it will be removed from the total
selection.
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1. Getting Started PowerMILL 2011

Select by dragging the cursor E

If this option is selected then multiple, selection of entities will occur by simply dragging the
cursor across the required items. This is ideal for quick selection areas of the model
consisting of multiple surfaces. To deselect the Ctrl key is depressed while dragging across
an entity.

Mouse button 2: Dynamics

Zooming in and out: - Hold down the CTRL key and mouse
button 2. Move the mouse up and down to zoom in and out.

Pan around the model: -Hold down the SHIFT key with mouse
button 2. Move the mouse in the required direction.

Zoom Box — hold down the Ctrl and shift key, drag a box around
the area to zoom into using the middle mouse button.

Rotate mode: Hold down mouse button 2 and move the mouse,
and the rotation is centered about the trackerball.

View Spinning- Dynamically rotate the view and quickly release the mouse. The faster the
mouse movement, the faster it will spin. This feature is switched off by default.

e Select Tools -> Options - View - 3D Graphics and tick the option Spin
View. 21x

:
\ Toolaths 3D Graphics
= View Pick radius | 5.0
wwwww g tolerance | 0.1
5Spin view I
Import Use model colour for holes
Project Dim background entities in editing modes [~
NC Programs
Setup Sheets
Unit System
Curve Editor
Intelligent Cursar
Status Bar
Restore Defaults | sccept | canel |

Mouse button 3: Special Menus & PowerMILL Explorer Options

When this button is pressed it brings up a local menu relating to
whatever the mouse is over, such as a named item in the
PowerMILL Explorer or a physical entity in the graphics area.
If nothing specific is selected the View menu appears.
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HELP!

PowerMill provides the user with help in a number of ways:

1. Tooltips. Place the mouse cursor over a menu button. A box will appear containing
a description of what that button does.

2. Online Help. Select Help>Contents... from the Main Toolbar, to access the
online help documents. There is a full index and search facility provided.

3. Context Sensitive Help. Pressing the F1 key will display the help page for the
currently active form. Clicking on the E] button in the top right hand corner of the
form, followed by a left click in any of the input fields will focus on the help topic
for that part of the form.

4. PowerMill User Forum. On any PowerMill PC with an Internet connection,
selecting Help from the main toolbar, followed by Visit the User Forum, will
enable you to participate in web based user discussions on PowerMILL issues. The
forum can also be accessed from any other internet connection by going to
http://forum.delcam.com/

5. Telephone and Email Support. UK customers with up-to-date software
maintenance can call 01216831010 or mail support@delcam.com to get help or
advice on specific application problems.

PowerMILL contains On-Line Help the main access being via the Help tab on the main
pulldown menus.

Draw Tools

- e Contents...
U _E t
a = What's MNew...
Parameters 3 \

Check for PowerMILL Updates... * Select Help -> What’s New.
Subscribe to the PowerMILL Mewsletter...
Visit the User Forum

Data Translation Services. ..
Delcam on the Web 4

About...

A summary of all the new functionality available in the current version of PowerMILL is
loaded into the html pane.
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Simplified PowerMILL Example

This example provides a quick overview of the machining process. It shows how to create
and output a couple of simple toolpaths on a model of a valve chamber (using default settings
wherever possible).

The basic procedure is:

[S—

Start PowerMILL.

Import a Model.

Define the Block from which the part will be cut.

Define the cutting Tools to be used.

Define Set up options (Rapid Move Heights — Start and End Point).
Create a Roughing Strategy.

Create a Finishing Strategy.

Animate and Simulate the toolpaths.

e S A O T

Create an NCProgram and output as a post-processed ncdata file.

10. Save the PowerMILL Project to an external directory.

Import a Model

e From the main pulldown menus select, File - Import Model and browse
for the model file:-
D:\users\\training\ PowerMILL_Data\Models\PmillGettingStarted.dgk.
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Blanking of Model entities

This provides the user with a quick and simple way to control which individual, model
entities are displayed. In the illustrations below, the light blue surfaces are selected.

If one or more surfaces are selected they can temporarily be removed from the graphics area
by using the Blank Selected option (Ctrl J) in the local Model menu (accessed by right
clicking on a surface).

< O

If one or more surfaces are selected all others can be removed from the graphics area by
using the Blank Except option (Ctrl K) in the local menu.

The 2 selected items are light blue.

To return all Blanked items back to the graphics are the Unblank option (Ctrl L) is selected
in the Default menu (accessed by right clicking in the graphics area). The Blanked items are
returned to the graphics area and become selected (back to the left hand image above).

Also accessed form the Default menu is the Blank Toggle option (Ctrl Y) which if selected
will switch the Blanked and Unblanked items to the other status.
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Definition of the Block

¢ Click on the Block icon @ on the top toolbar.

[ % Block (2 )
Defined by  Box v D

Coordinate System

The Block Form is used to define the 3D
working limits. This could be the actual

Active Workplane hd | v| . . .
raw material size or a user defined volume,
Limits localised to a particular part of the
Min Pax LEI"Igth Component_

X -00 120.0 1200
Y -00 100.0 100.0

The Block Form default is Defined by -

£ 09 4373668 4373668 Box around the model dimensions on

clicking the Calculate button. Individual
values in the form can be edited or locked

(greyed out) as required in addition to
being calculated to include an offset by
entering a suitable value in the box marked
Expansion.

Cylinder Parameters

Centre ¥ \E‘ Diarmeter
Centre \E‘ |E|

Estimate Limits

&

Tolerance 0.1 Type Model -

Include reference surfaces

Expansion 0.0
Draw [¥] Opacity — 11—

¢ (Click on the Calculate button.
e Click on Accept.
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Cutting Tool definition

The Tool definition forms are accessed from the icons accessed from the Tool toolbar
located to the bottom left corner of the graphics area.

For use with this example, 2 tools will be created, A Tip Radiused for roughing out and a
Ball Nosed for finishing.

'1'_|v

e Click on the down arrow to display all of the Create Tool icons.

All of the tool types appear as icons.

|Create a Tip Radiused tool|

Placing the cursor over an icon will open a small box containing a description of
the tool type (Tool tips). Note the unavailable, greyed out tool definition icons
are only available in PowerMILL Pro.

Un

W

C[EIBECECTCECT

e Select the Create a Tip Radiused tool icon. Ej
21|

Tip |Shank| Holderl Holder Proﬁlel Cutting Datal Descriptionl

 Tool Assembly

Name |D12t1 M
- Geometry

Tool Status | Valid

Tool Numberl 1
Number of Flutesl 1

| |
[ | |
! I
Length ‘ I
I 60.0 : |
|
¥ | v
|
Tip Radius - - |
[1.0 |12.0 I
Diameter |
|
|
|
|
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The Tip Radiused Tool form opens ready for the user to input the required values. When a
diameter value is input the tool length automatically defaults to five times this value. This
value can be edited if required.

It is highly recommended to input a more appropriate Name for the tool. In this case the tool
has been renamed as Name D12t1.

If appropriate, a specified Tool Number can be output to the NC program. If the machine has
a tool changer this number will represent the location in the carousel.

Enter a Diameter of 12 a Tip Radius of 1.
Enter D12t1 in the box marked Name before Clicking on Close.

Repeat the Tool Definition operation, this time selecting ‘Create a Ball
Nosed tool’ and in the form entering a Diameter 12 with a Tool Number 2
before and enter the name BN12 before Clicking on Close.

In the explorer panel on the left of the screen, open the tools and right
mouse click on the D12t1 tool to raise the local menu. Select Activate.

=9 Tools Only one tool can be Active at any one time and the
= U EE ‘ word Activate in the local menu will be prefixed with a
é) _ dl:'ﬁ: 8% pizu tick. the active tool will automatically be included in the
8 Patterns form when a machining strategy option is opened.
:I? Feature Sets Settings... In the explorer, the Active tool will be displayed in bold

text and prefixed with > *.

Rapid Move Heights

The Rapid move heights form is essential to allow the user to safely control rapid tool
movements across the component. Safe Z is the height above the job at which the tool can
move at rapid feedrate, clear of any obstructions such as the workpeice or clamps. Start Z is
the height to which the tool will descend, at rapid feed rate prior to applying the plunge feed
rate. PowerMill displays rapid moves as dotted red lines, plunge as pale blue and cutting as

green.
Safe Z
» Y

Start Z

e R apid

—————p Plunge

—— > Cutting
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Click on the Rapid Move Heights icon.
¢ |n the resultant form select the Calculate button.
e C(Click on Accept.

~ Geometry This will automatically set absolute SafeZ and

Safe Area [Plane = S.tart y/ Yalues 'to be above the? blogk by the
distance in the incremental height fields shown at

Wiarkpane | =l the bottom of the form.
An Absolute setting will always cause the tool to
feed down from the same height.

Mormal
( 10.0 1|00 K[Lo

Safe 7 53,7366

Start Z | 48.7300!

r Calculate Dimensions

iER

Rapid dearance 5.

Plunge dearance 3.0

Calculate

Apply | Accept | Cancel |

Tool Start and End Point.

e C(Click on the Tool Start and End Point icon. é

; .
NS 2 The Start and End Point form allows the user to
Start Point | End Point | define a position where the tool travels to before and
= after a machining strategy. By default the tool Start
Method L3, Point is set at Block Centre Safe and the End Point
[ vVietno . .
Use [Block Centre Safe = is set to Last Point Safe.
Approach Along ITDD| Axis j Start Point  End Point |
Approach Distance I 5.0 IF
~ Coordinates Method
X IGU'D ¥ I 50.0 7 I 53,7366 Use ILaStPDint Safe j
— owerride Tool Axis [
i |0.u J|u.0 K|1.0
Other Start and End Point definitions are achieved
Apply Start Point | by selecting different options in the Method area on
the form.
Epply | Accept | Cancel | These include Block Centre Safe, First/Last Point

Safe, First/Last Point, and Absolute.
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e Accept the form with the default settings.

The D12t1 tool is positioned at the Block Centre Safe position ready for the user to create
the first toolpath.

Creating a Roughing Strateqy

e From the Main toolbar select the Toolpath Strategies icon.
i ?ﬁ @' @ Raster Finishing

e Select the 3D Area Clearance tab.

ﬁi Strategy Selector 2l

Favourites I MyStrategies | 2.5D Area Clearance 3D Area Clearance IE|ISIG | Driling | Finishing I Legac 4 I L4

BEs @

Preview

U= Corner Clearance

‘S\ice Area Clearance
&4 Slice Profile

e Select the option Model AreaClear Model to open the form shown on the
following page.
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¢ Input the new Name D12t1-a1 for the toolpath that will be created.

- H
@ Model Area Clearance

=)

. Toolpath name  D12t1-al

----- h Workplane
il Block

-4 Model area clearance
= Raster
.4} Wall finishing
H Unsafe segment remaoval
' -gg» Flat machining

= 2 Order

..... T Approach
- Ty Automatic verification
Lﬂ; Cutter compensation

----- s Point distribution

..... 17 Tool axis

.= Rapid move heights
-1 Leads and links

- Start point

- End point

[y Feeds and speeds

----- = Notes

..... & User defined settings

[Model area clearance

Style

<

Cut direction
Profile Area

Climb - Climb

Raster

Tolerance

01

Thickness

0.5

Stepover

@ 100

Stepdown

Automatic

v@s.n

[] Rest machining

[ Caleulate | | Queue | [ ok | [ cCancel |

Select Style
Raster.

Edit the
Thickness
value to 0.5.
This is the
amount of
material that
will be left on
the job

Edit the
Stepover value
to 10. This is
the distance
between each
raster pass (the
width of cut).

The Stepdown
value (depth of
cut) is left at the
default of 5.

e Click the Calculate tab to process the machining strategy.
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The resultant 3D Raster Area Clearance can be simulated as follows:

o Raise the Simulation Toolbar by selecting View>Toolbar>Simulation.

&¥ PowerMILL Pro 2010 [ * Hone ]
File | view Insert Draw Tools Help

@ Resize to Fit F& Jﬁé%‘@W@

Zoom to Box...
@ From b . |> [“]
— 150 x|
Tool b
U: Rotation Anchor 4
-} Refresh Cirl+R
=" Blank Selected Cirl+3
Blank Except Cirl+
' Blank Toggle Ctrl+Y
Unblank Cirl+
(IR -
lllll . Dizlogs ¥ o Explorer
v Viewing Alt+v
~{  Snapshot... ViewMil
..... Dynamic Sectioning... Command
-£7 Levels and Sets Pattern
[_]' Models v Toolpath
-4 PmillGettingStarted Boundary
-4 Stock Models v Status
..... ¥ Groups v Toal
-8 Macros Web
Machine Toal ! |
Furmraccinm Editnr

° From the Simulation Toolbar, select toolpath D12t1-al in the first field and then click
the Play button to initiate the simulation.

File WView Insert Draw Tools Help

pH| S eaFIUE ST & |

& Diatial v ol D1t - bl
| o= |

L= 1

The other buttons on this toolbar can be used to rewind or step through the simulation.

$ 1 - B LR R Y ] . 0 =

NB. The above strategy has been processed almost completely using the default values, the
exceptions being the Name, Thickness and Stepover.
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PowerMILL 2011

Creating a Finishing Strategy

¢ In the explorer right mouse click on the BN12 tool and in the local menu
select Activate (or double left mouse click on the tool’s explorer icon).
e From the Main toolbar select the Toolpath Strategies icon.

i % KEJ @ Raster Finishing
I
e Select the Finishing Tab.

2.5D Area Clearance | 3D Area Clearance | Blisks | Driling | Favourites Finishing |Legacy|I I Ports |

@Projecﬁon Line Finishing
%Projecﬁon Plane Finishing
**g) Projection Point Finishing

£ 30 Offset Finishing
Constant Z Finishing
| corner Finishing

Preview

Corner Multi-pendi Finishing
Corner Pendil Finishing
Disc Profile Finishing

Mintimizad Crnctant 7 Finichi

L}é'v:,\li‘rojecﬁon Surface Finishing
Radial Finishing
‘Raster Finishing

I ﬁﬂnir;ﬂ Fimichinn

Embedded Pattern Finishing (ZRaster Flat Finishing
Offset Flat Finishing ff’}Rotary Finishing
e Select the option Raster Finishing follwed by OK to open the following
form.

f ﬂ Raster Finishing I. 2 &_r
Toolpath name  BM12-al ° Inlet Name
BN12-a1
----- Lz, Workplane Raster finishing 1
-4l Block
..... I_I Tool Angle 0.0
..... o Limit
_____ 3¢ Stock engagement Start corner  Lower left hd
E—JE Eategimeiing Perpendicular pass
e U? High speed Perpendicular pass []
Wy Automatic verification
..... & Point distribution A
i"_li -Rrs;?ilda):o\re heights FpmisE perele pes
-1 Leads and links i
-l Start paint Ordering
@ End point Style | One way -
[#--fqr Feeds and speeds 00
----- ~ Motes
----- 2'. User defined settings Tolerance
01
Thickness ) Ed|t the
0.0 g
Stepover
Stepover Value tO 1-0
10 A
e Click the
[ Preview ] CIDraw Calculate tab
to process the
machining
strategy.
[Calculatel ’ Queue ] ’ OK ] ’ Cancel ] gy
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The Raster
Finishing pattern is
projected down Z
onto the component
taking into account
tool geometry and
machining settings.
Note:- The toolpath
link moves, clear of
the job are not
displayed in this
illustration for
clarity.

Toolpath Simulation and ViewMILL

PowerMill provides two stages of options for simulating toolpaths. The first simulates the
cutting tool as it progresses along the toolpath. The second also includes a shaded image of
the stock material being reduced as the tool progresses along the toolpath.

1 — Toolpath Simulation

¢ In the explorer right mouse click on the roughing toolpath D12t1-a1 and
from the pop-up menu click Activate to make the toolpath active (ticked).

----- MNC Programs
£ g

£ Toolpaths

@V (@ >Di2tl-al  Note: The Active toolpath is displayed in bold text and
| m-v) § BB BN12-al prefixed with a > symbol.

Elhﬂif Tools

¢ In the explorer right mouse click on the roughing toolpath D12t1-a1 again
and from the menu click Simulate from start.

~f3 NC Programs
- Toolpaths
ERRE 1> D12t1-al
w-v) § B BN12-al
=547 Tools
m- ¢ >D121
m- L) BN12
-{_) Boundaries v Activate

""" £F Patterns Activate Workplane

D12t1-al

Simulate from Start %
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e The Toolpath Simulation toolbar will be displayed at the top of the screen.
This displays the name of the toolpath and tool, together with buttons to
control the simulation.

<& Dpiatl-al > 4 pm = b I0 4 IP <44 Db KPH ] .

The operations performed by each of the buttons are as follows:-

b

Play - starts the simulation and plays it in continuous mode.
Pause - pauses the simulation.

g Step Back - steps the simulation back by tool moves. Click the Play button to
resume continuous mode.

b Step Forward - steps the simulation by tool moves. The faster the speed (defined

using K- Speed Control) the bigger the step. Click the Step Forward button
again to see the next move or click the Play button to resume continuous mode.

« Search Backward - steps the simulation back to the previous toolpath segment.
Go to End - moves to the end of the toolpath.

pb Search Forward - steps the simulation to the next toolpath segment. Click the
Search Forward button again to see the next component or click the Play button to
resume continuous mode.

K Go to Beginning - moves to the start of the toolpath.
P Go to End - moves to the end of the toolpath.

% y Speed Control - controls the speed of the simulation. The fastest setting
is by having the slider at the right, the slowest at the left.

NB. Resting the mouse pointer over any button will also raise a tool-tip describing the button

function.
e Simulate the toolpath by clicking on the Play button. [}

e Activate the finishing toolpath BN12-a1 and repeat the simulation
process.

¢ Unload the toolpath when complete.
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2 — ViewMILL

e Activate roughing toolpath D12t1-a1 and select it in the simulation
toolbar.

e Raise the ViewMILL toolbar by selecting View>Toolbars>ViewMILL from
the top toolbar.

File | view Insert Draw Toolz Help

Resize to Fit F& PN | |
— Zoom to Box... lg“ % =L @
@ From v 1 v D uu
— Is0 P = =
Toal »
n: Rotation Anchor »
- Refresh Ctrl+R
B Blank Selected Ciri+1
Blank Except Cirl+
Blank Togale Ctrl+Y
E Unblank Cirl+H
A Dialogs ¥ Explorer
v Viewi Alt+V
----- ' Snapshot... =
----- 5 Workplanes
- ; ) Pattern

The ViewMILL toolbar will be displayed, although initially all the icons will be greyed out.

o e |1, | @ *

e Click the first button i to Toggle ViewMILL Window and enter
ViewMILL mode.

The ViewMILL toolbar icons will become active (highlighted).

Dle¥lqeedy| | wyvA|l@ x

=

Click the fourth button |"‘—| to select a plain shaded image.
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e Select the tool icon “L to display the tool followed by the Play icon b :

© pma - gl oum TP INA DKM —] 2
o exfceedy| lwvE@ x

-5

- |@] |

@ MC Programs
B )@ Toolpaths
vy & >Dp12t1-a1
v § B Bn1zal
=147 Tools
B § L) >p1m
v ez
-4 Boundaries
g Patterns
1:? Feature Sets
(£ Workplanes
[]--Q} Levels and Sets
[+ Models
‘ Stock Models
- # Groups
[+ 8 Macros

In ViewMILL the machining of the material block is simulated as shown above.

BRAE N E: - DIl > KAPN ] x
When the above simulation is finished, in the Simulation Toolbar, select

the finishing toolpath BN12-a1 followed by the tool icon ||L :

e Select Play icon [} again, to view the continued simulation of material
removal by the finishing toolpath.

¢ |n the Simulation toolbar select the ViewMILL Exit icon @ to exit the
ViewMILL session.
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NC Programs (Post-Processing and Ncdata Output)

e In the main pull down menus select Tools - Customise Paths to open the
PowerMILL Paths form (shown below right).

File View Insert Draw | Tools Help E 2|
@ E | & Ea ﬁ Echo Commands |NC Program Cutput =l gﬁ&l ﬂﬁj
Reset Forms L NC Program Output

IE File Dialog Examples Button
- Default Directory
v Snamng File Dialog Button 1
- il [ File Dialog Button 2
H:" .I ‘::.’I =X Filter Template Paths
Filter SthE [ Setup Sheets Template Paths
Setup Sheets Export Paths
@] MC Programs o Option Files
Customise Paths...
E@ Toolpaths
. m-v ¢ @ D12tlal  Release Licences »

G- 0 B =BN12. RequestLlicences k

¢ In the Powermill Paths form select the option NC Programs Output.

Select Path ed |
- . Navigate to the desired path, creating new folders if necessary. Press OK to accept or
&% PowerMILL Paths RIx Cancel to quit.
NC Program Cutput |2 ’% @ Desktop
¥ B My Documents

Ciftemp/MCPrograms

My Documents = '_'é My Computer
= < Local Disk (C:)

I=2h dcam
|2 defrag
This controls where the post-processed, Siameles gl
. . |2 Documents and Settings
ncdata files are output ready for 5 ) drivers
download to a machine tool controller. User Path 1 Disss
|2 NVIDIA
b |2) PowerMILL_Data
2 |C2) Program Files
User Path 2 B ) temp
s} CPrograms
I2) PowerSHAPE1D213

I users

¢ Right mouse click the Add path to top of list icon and in the Select Path
form browse to the required location C:\temp\NCPrograms and select OK.

e In the explorer right mouse click over NC Programs to open the following
sub-menu.

=] »@ Toc  NC Programs
v NC Preferences enable the user to control the content of
v Create NC Program files for d load Machi Tool
NC Program Names output files for download to a Machine Tool.

=47 Toc
Deactivate
Write Al

) Boul|  gepp Sheets ,

P Fea Preferences...
Project Settings
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¢ Inthe NC Programs sub-menu select Preferences to open the following
form.

&% NC Preferences

| output | Toalpath

Changes made here will not change existing MC Prograns The OUtPUt FOlder
defaults to the location
Output Folder | C: ftemp/MCPrograms already defined in TOOlS'
OukpLE File | %%[neprogram] Customise Paths.

IMachine Option File . C: fdcamjconfigiduct post/heid400.opt

[ Apply l[ Accept ][ Cancel ]

e In the above form click on the Machine Option File icon (arrowed) and in
the resultant form select heid400.opt before clicking Open.

Q Look in: Ibductpust FQ 2 =
ﬂ fanucom.opt ﬂ heid426.0pt
(4] fidia. opt 4] Heid530.0pt
j fidian.opt j heid.opt
R j ge2000m.opt j heidiso.opt
ﬂ h33.opt ﬂ hurco.opt
. ﬂ h155.0pt ﬂ incon. opt
ﬂw _ﬂ haas.opt ﬂ kryle.opt
. heid400.opt ﬂ maho.opt
File name: [reid400.opt =] Open
Files of type: IMachine Option files (*.opt;* pmopt) j Cancel |/
%

e On return to the NC Preferences form select the Apply tab to action the
settings and then Accept the form.

¢ In the explorer right mouse click over NC Programs and from the sub-
menu select Create NC Program.

B TNC Programs An empty NC Program will appear in the
EIQ\ Toolpaths explorer ready to have machining strategies
T NC Programs . . .
VAR assigned to it. The NC Program form will
. @-v) ¢ B BN Create NC Program also open in the Graphics area.
E"‘*#f T‘C"GEU MC Program Mames 3
H 3
& | BN Folder Mames
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¢ In the explorer move the cursor over the toolpath D12t1-a1 and while
holding down the left mouse key drag a ghosted image onto the NC
Program named 1.

Note:- Alternatively, Right mouse click on foolpath D12t1-al and from the local menu,
select Add to > NC Program.

= @] <4 )

E@ NC Programs A copy of the toolpath name will appear in the NC
B ) Program indicating that it has been assigned as part of the
[}Jﬁﬁb Toolpaths .

B Diztiat output file.

- @) § B >BN12-a1
=.4#% Tools

¢ In the explorer drag a copy of the finishing toolpath name BN12-a1 onto
the NC Program named 1 and click on the small, adjacent boxed plus sign.

= ﬁ NC Programs
S
+ & Diztl-al
58 BM12-at
- -%-\' Toolpaths
#-- & Diztl-al
w1~ B =BN12-al
4" Tools

.

The toolpath names are listed in the NC Program
ready to be post-processed.

¢ Inthe NC Program form displayed in the graphics area, select the Write
tab to start the post processing operation. The following Information form
will open providing the user with a progress and confirmation summary.

& Information

Write NC Program

+ DUCTPOST VERSICN 1.4 +
+ Revigion 50 BETA +

Copyright (c) Delcam plc, Birmingham, England
1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
2001, 2002, 2003, 2004, 2005, 2006

Licensed to Delcam Software Development for 2007
For academic use only

Supplied by asw@delcam.com

Using built-in standard

e Close both the NC Program and Information forms and using the
windows explorer move to C:\temp\NCPrograms and note the existence
of the ncdata output file 1.tap.
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Saving the Project

e Left mouse Click on the 2" icon along the Main toolbar to open the Save

Project As form. 20
File View Insert Draw Tools He % Savein_I@PowerMuL_PmJeds Hoe T m
pH &lesdtd —

& pitrat A R
| p— -

2)
| Flememe’  [GetingStared-1 = Save |
Save as type: IinerMILL Project j Cancel ,
A

If the Project has been Saved before then the Project will be updated without the following
form being opened.

e Select File - Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Profects\GettingStarted-1

e Left mouse click in the Save tab to store the Project to a named external
directory (the form will close automatically).

¢ |n the Main toolbar select File — Delete All followed by Tools — Reset
Forms.

The content of the explorer will be deleted and all forms will be reinstated to factory, default
settings. The externally stored copy of the Project (GettingStarted-1) can be reopened as
required.

Additional Exercise

e |Import the model facia.dgk located in the Examples directory.

e Save the Project as:-
C:\users\training\COURSEWORK\PowerMILL_Projects\Facia-1

e Use the same Tooling and create similar machining Strategies to those
created in GettingStarted_1.

e Once completed and the Project finally Saved, select File - Delete All
followed by Tools - Reset Forms.
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2. Machining Setup in Detail

Additional Preparation before creating toolpaths

In the previous section the toolpaths were created using the default values wherever possible.
We will now look at the machining process in more detail.
In particular:
Setting up direct access to regularly used files
Repositioning of the component to a suitable alignment for machining
Detail Examination model features
Tool and Holder definition
Material Block Definition
Safe Z Heights

Setting up direct access to regularly used folders

To Import a Model the user can select File > Import Model from the top pulldown menu. A
selection of sample model files are supplied and installed from within PowerMILL in a

default directory called Examples.
Exan.'u-:-les

These are directly accessed via the icon in the Import Model form.
Alternatively, regularly used models can be accessed quickly with the user definable buttons

and on the Import Model form.
1, 2
User Path 1 User Path 2

e From the Main pulldown menus select Tools - Customise Paths.

2
20 T 1
Help Nawga‘l‘e to the desired path, areating new folders if necessary. Press OK to accept or
| Cancel to quit.
Echa Commands | Fie Dislog Eutton 1 = @&I 23 ’
Reset Forms ¥ :Jusersftraining PowerMILL_Data/Madels “ j Eé?f;iﬁif =
My Document s |2 Delcam-Draft Data
¥ Snapping j Elec:odejata
anap Filker 3 = F:;;ECEAMJHE
) pmil2-stopped
Filker Style » . () PowerINSPECT Data
'} B [ PowerMILL Data
Customise Paths. .. sereel ) fvears
x \ (2 HighSpesdme
i () MachineData
Close User Path 2 =Y oce: ]
i Patterns
¢ | W i e
. . .
L4 S e | eCt th e 0 pt | O n Flle Dla Iog Button 1 Folder: [ rusers\raining PowertLL_Data Models
. .
followed by the Add path to top of list icon _tetenroe | o |

@J and browse to:-
C:\users\training\PowerMILL_Data\Models

Issue PMILL 2011 2.1




2. Machining Set up in Detail PowerMILL 2011

e Repeat the last process, but this time set File Dialog Button 2 to provide

direct access to:-
C:\users\training \PowerMILL_Data

Note:- Outside the training environment the location of the PowerMILL_Data directory will
depend on where the user has installed it!

Loading a Model into PowerMILL

e From the Main pulldown menus select File - Import Model.

e Use Shortcut Button 1 or browse to:-
C:\users\training\PowerMILL_Data\Models

& Tmport Model 7=l
é Look in: I_} Models j G i =
"9 mouse.dgk "9 SparWithClamps.dgk "9 wheel_segment.dgk
&) Op10p2.dgk &) speaker.dgk &) WingMirrarDie. dak
Q phone.dgk M Q WingMirrorPunch. dg
"ﬂ PmillGettingStarted.dgk "ﬂ StockModel-2.dgk]| "ﬂ yoghurt tray.dgk . . .
O ocicrs ok Donbecdsk [ rm oo bosment Note: A variety of different types of Model
[} [ ek sk OhrediiuL g Date Modfed: 16/10/2003 10:34 || format can be imported into Power MILL
ii "ﬂrotary_botﬂe.dgk "ﬂundercutjort Size: 3.01MB . . . . .
) solid_holes.dck @ undercut_port.dak These can easily be discriminated on the
) | 1 2| form using the filter Files of type to widen
Flename:  [speaker_core dok =] [ e or narrow the choice for file extension.

Files of type: | Delcam Models (*.dgk:" do"ddz;" psmodel; = | ﬂl
A

e Click on the file name speaker_core.dgk and then select the Open.

7 ®

e Select View from top (2) followed by Resize to fit from the
Viewing toolbar to the right of the graphics area.

The model will be displayed (as shown) in the PowerMILL
graphics area looking down the Z-axis with X aligned from left to
right and Y from bottom to top.

= |EF In most cases the X dimension of a machine tool table will be
= = L greater than Y in which case the longer side of the component may
= be in excess of the travel limits in Y.

If this is the case it will be necessary to align the component with
the longest side along X to ensure that it can be positioned within
the travel limits.

Saving the Project
It is good practice to create a Project as soon as possible and then to update (Save) it at
regular intervals both manually and automatically.

e From File select Save Project As:-

C:\users\training\COURSEWORK\PowerMILL-Projects\Spkr_Core
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Viewing the Model
Although the model is displayed it is a good idea to look at it from all angles to fully
understand its size and features.

=
e Select an isometric ISO 1 view. L-I-j

Although it is possible to rotate the actual component
this is not generally regarded as the ideal approach.

An additional moveable datum (Workplane) will be
created and rotated through 90 Degrees to effectively
create the condition that the longer side of the component
is parallel with the front of the machine.

The original coordinate set-up can then easily be re-
activated for tasks such as checking dimensions.

Orienting the Model — creating the machining datum using a
Workplane

A Workplane will be created and rotated through 90 degrees about Z to effectively arrange
the longest lower front edge of the model to be aligned to the front of the machine tool i.e.
along the X-axis.

e Select the whole model by dragging a box over it while the left mouse
key is depressed.

e Right click over Workplanes in the PowerMILL explorer and select:-
Create and Orientate Workplane > Workplane at top of Selection

L e
L
ﬁ rLﬂ-aovdeeli;an" e — Workplanes are additional
& StockMod  Create Workplane datums tk}at can be rpqved
7 Groups | Get Workplanes From Mode! and/or orientated within the
+ A Macros il e b global environment. One
Workplane Names 4 Multiple Workplanes .
Falder Mames 4 Waorkplane From Three Points Workpla'ne can be ACtlve at
) Waorkplane Aligned to Geometry any one time. If no
B Warkplane Positioned Using Block 3
Draw Al i Workplanes are active then
ol e anct
Waorkplane at Centre of Selection the orlgma g oba ransiorm
Create Folder Workplane at Bottom of Selection is the datum.
Delete All

A Workplane will appear at the fop centre of the selected model components.

The new Workplane will also be registered in the PowerMILL explorer. For easy
identification it is recommended to Rename entities created in the explorer with something
relevant to their application.

e |nthe PowerMILL explorer right mouse click on the actual workplane and
from the local menu select Rename.
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= :r Workplanes
o |
+ Q Levels and £ 1
=g Models
+- g speaker) Workplane Editor. ..
& Stock Model;
¥ Groups
+- £ Macros

Activate
v Draw

Rename

Properties

e Inthe form change the default Name to Datum.

e Right mouse click on the new Workplane named Datum and select
Activate from the local menu.

e From the same local menu select Workplane Editor to open the

Workplane editing toolbar. ~ =# Workvla
5N =

. Q Levels i
E| 8 Models

.pSDEM|

""" & Stock M v Activate

The next step will be to rotate the new Active Workplane to indirectly re-orientate the model
such that the longer side is aligned to the X-Axis.

o Select the Twist about Z icon.

(3 e \l\@sggjl E e

sz [

v R

[ £ Twist @Iér

e Enter Angle 90.0 before selecting Accept.

e Select the Green Tick on the toolbar to finally Angle
accept the changes. 0
Accept ] [ Cancel ]

0o og

ODI:IEO

OLLIJO [a)

e Select a View from top (Z) to see the effect of the rotated, Active
Workplane providing a more suitable machining position for the model.

It will not always be necessary to create and rotate or move a Workplane after import into
PowerMILL. It depends on the original, orientation of the model when exported from the
CAD software.
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Examination of Model Properties

Information regarding the model dimensions in relation to the world datum (Transform) or
(if present), an Active Workplane can be obtained.

¢ Inthe explorer Right click over Models and select Properties.

Models
Create Plane 4
Paste as nen Motk
Irnport Model
Import Reference Surfaces All Models
X Y Z
Select All Minimum: -330.00078 -175.00404 -187.50256
Salect Wireframes Maximum: 330.00078 175.00404 0.00000
Length: 660.00156 350.00807 187.50256
Select Surfaces
Deselect all
Select Duplicate Surfaces Machineable Models
) X Y 4
Deselect Duplicate Surfaces Minimam: —330.00078 ~175.00404 —187.50256
Drawing Onti Maximum: 330.00078 175.00404 0.00000
rawing Uptions Length: 660.00156 350.00807 187.50256
Expart All ...
Edit 4
Reverse Selected
Delete Empty Models
Delete All

If required, the values in this form can be copied (Ctrl C) and then pasted (Ctrl V) into
other forms (Such as to modify the position of a Workplane).

All Models
X

¥ A
Minimoam: -330.00078 -175.00404 -187.5025&
Maxi roam 330.00078 175.00404 0.00000
Length: 660.00156 350.00807 187.50256

¢ Eject the Model Properties form by clicking X in the top right corner of the
form.

e Select a Y- view. l:[

The Workplane is shown
positioned on the top of the
model, which has the longer
edge aligned to X.
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Minimum Radius and Draft Angle shading views

Visual checks can be made quickly with the use of two shading options found in the views
menu on the right hand side of the screen.

It is useful to know before generating tools and toolpaths what the minimum radius is on the
model and also whether there are any undercuts or draft angles.

S THTHTHFE L0 O|le,
&3

¢ Open the Shading Toolbar by clicking the small arrow in the bottom right
corner of the main icon, as shown above.

e Select the Minimum Radius Shade icon on the toolbar. g

Any internal radii that are smaller than the specified Minimum Tool Radius will be shaded
RED. The settings are located in the explorer - Model pull down menu in Drawing
Options.

Examine the model to identify areas that are inaccessible to the specified radius (shaded
Red).

The two internal radii can be seen shaded red visually identifying that they will not be
machined to their correct size if the default value tool was used.

The specified Minimum Tool Radius can be modified to suit in the Drawing Options area
within the Models menu in the explorer.
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e |n the explorer Right click over Models and select Drawing Options.

GE Model Drawing Options 2=l
dels
~ Wireframe

Models Style ISohd VI Colour |
Create Plane 4

Laterals v Longitudinals v Filter Angle ID.D
Import Model —Shade
Import Reference Surfaces Shade Inside Shade Colour -l
Select All Draw Qutlines [+ Shading Tolerance I 0.1
Select Wireframes Draft Angle Shading
Select Surfaces ’7 Draft Angle I 0.0 Warning Angle I 5.0 ‘
Deselect all —

Minimum Radius Shading

Select Duplicate Surfaces ’7 Minimum Tool R% |—10.D
Deselect Duplicate Surfaces
Drawing Options
Fernrt &l

/

e Change the Minimum Tool Radius value to 5.

The shading on some parts of the model has changed from Red to Green signifying that from
a finishing viewpoint these local areas are fully accessible to a Dia 10 Ball Nose cutter.

e Change the Minimum Tool Radius value to 2.

All of the red areas have now disappeared which suggests that the maximum tool size
guaranteed to access all areas of the component would be a Dia 4 Ball Nose cutter.
The model can also be visually inspected for the size of draft angles and undercuts.

e Select the Draft Angle Shade icon on the shading toolbar. 'r;"

The model is shaded in three different colours, red, green and yellow.

The red areas represent angles equal to or less than the current Draft Angle specified in the
Drawing Options form (default is 0).

The green areas represent angles above the current Warning Angle specified in the Drawing
Options form (default is 5).

The yellow areas represent the areas between the current Draft Angle and Warning Angle.
On this particular model the yellow areas represent angles between 0 and 5 degrees.

e To check for undercuts change the Draft Angle to -0.2 and the Warning
Angle to 0.2.

All of the red areas have disappeared and all that remain are green and yellow. If any red
areas remain then these would indicate an undercut situation greater than —0.2 degrees.

The yellow areas indicate on or near vertical faces because the difference between the Draft
and Warning Angles is so small.

e Accept the Drawing Options form

=
e Select the Draft Angle Shade icon I{-' again to turn off the shading.

e Make sure the Wireframe @ icon from the View toolbar is on so the
model is displayed in Wireframe only.
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Measuring the model

The user may require dimensional information relating to certain features on the model. A
measuring tool is provided in PowerMILL that allows the user to snap in the graphics area to
obtain dimensions based on points, lines and arcs.

Before any such measurements can be taken the PowerMILL, Snap Filter will need to be
modified.

e From the top Pull Down menus select Tools > Snap Filter and use the left
mouse key to untick - Anywhere.

reb
Echo Commands & | i\ E
Reset Forms | ——
v Snapping S If Anywhere is unticked then measurements can be only be
Filter Style »| v Boundary snapped onto the remaining ticked entities and not in free space.

v Pattern
v Feature

Customise Paths...

Release Licences 4
Fequest Licences L4

Customise Colours...
Options...

e Zoom into the area shown by the arrow below.

The gap at the bottom of the slot will be measured to determine its size and depth. Note that it
is essential to Zoom in close to be able to discriminate the close proximity node points.

e From the Main toolbar select the Measure model icon. T

The Model Measurement for appears defaulted to Line. An Anchor Point is required to
commence measuring.

e The PowerMILL Calculator form will open in Line measurement mode.
Using the left mouse button drag a window around (or snap) point 1 shown
below to display the XYZ coordinates in the form.
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Drag a window around (or snap) point 1.

Standard Calculatorl Scientific Calculator  Line | Circle I

Reset all
—Anchor Point
/:l X [-111.997528 | v [-113.7308%9 | Z [-79.884369 |:{>|

rEnd Point

2 &/A X [-111.997528 |y |-113.730899 | Z [-79.884369 il

rDifferance
x 0.0 v Joo z [0 ﬁl
—Angle

vz | xz | xv |
The Anchor Point is now selected and is pstance o0
represented by a small circle. Eeveton [ )

The x, y and z values seen in the above
form are relative to the Active Workplane
‘Datum’.

e Drag a window around (or snap) point 2 to obtain the final ‘point to point’
measurement information.

A temporary line appears connecting the two points, and the information relating to the line is
displayed in the form.

Minimum Radius is measured via the Circle tab combined with snapping three points on the
model.

o Select the Circle tab on the Model Measurement form and zoom into the
area shown below.

e Select three points along the arc either by dragging a small window
around, or snapping onto each one as shown below.
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5 e ) \
- ‘ R - ._

A temporary circle will appear after the third point is selected as shown above.

% Measure Grcle 2=l

Standard Calculator I Sdentific Calculator I Line ~ Circe |

Reset all Q
~Start Paint
Q X |97.621434 v | 52.759051 z |-5.020482
—Mid Point
;A X [97.0599 v [52.925861 z [-10.434685
End Point
Q X |95.704238 ¥ |53.328576 z |-11.020482 The Circle measurement form will dlsplay
P details of the arc as shown.
x |95.704238 v | 53.328576 z [-8.020482 ﬁl
Radius [ 2.0 ﬂ
Dizmeter [ 4.0 il

¢ Close the Model Measurement form.

PowerMILL Panes

H}' l .I _‘_”JI On the left hand side of the screen above the explorer are the
- PowerMILL panes.

@ MC Programs

»@ Toolpaths

""" #¥ Tools The standard format pane is denoted by the Power MILL symbol
C) Boundaries and contains the explorer tree categorised into NC

""" £3 Patterns Programs,Toolpaths, Tools, Boundaries, Patterns, Feature Sets,

(4P Feature Sets Workplanes, etc.
- Workplanes
EJ---Q Levels and Sets
- Models

& Stock Models The second pane is the HTML browser used for viewing HTML files
E:Il:: S‘m”ps or Help files and the third pane opens the PowerMILL Recycle Bin.
+- acros
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Setting Feedrates

Feedrates can be set individually for the current tool and toolpath or loaded from a database
of predefined values. At this stage we will look at setting the feedrate individually. The Tool
Database will be covered later in the course.

-

e C(Click the Feeds and Speeds icon I on the top toolbar to raise the Feeds

and Speeds form.

@ Feeds and Speeds e |
r Toolpath Properties rTool Properties
Toolpath: (none active) Tool
Type Diameter
IFinishing
. Mumber of Flutes
Operation
IGeneraI Overhang
ToolMaterial Properties ~Cutting Conditions
Surface Speed Spindle Sgead
urface Spee pindle Sg
@] oo m/min [ (2000 ) om
Feed,Tooth Cutting Feed Rate
il
| ID.D mm I'y mm,/min
Axial Depth of Cut Plunging Feed Rate
| ID.D mm | |4D.D mim,/min
Radial Depth of Cut Skim Feed Rate
| [0.0 mm [3000.0 mm/min
1 Working Diameter
Depth of Cut Surfiace Slope Coolant
IEI.EI mm I 0.0 IStandard j
I Overhang Compensation
Reset Apply Accept Cancel

¢ In the Cutting Conditions section of the form, enter a Spindle Speed of
1200 and a Cutting Feed Rate of 400 (as shown above).
e Accept the form.

e Select Save Project to update the content of the externally stored Spkr-
Core folder (Do not close).
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Tool and Holder Definition

e Open the Tip Radiused tool form.

& Tip Radiused Tool 2x|
—gﬂ Tip IShank | Halder | Hoalder Profile | Cutting Data I Description |
n’.‘-l ‘l l P— l—DSDTS [Tool Assembly ———————
£ ncprograns [~ Geometry M
| I
| I
! |
From Database... =g ‘ !
Tool Names End mil 125.0 " |
Deactivate Ball Nosed |
Draw Al Tip Radiused > | J
_ Undraw All Tapered Spherical |
Tip Radius i
6.0 I 50.0 |
Diameter |
Tool Status | Valid |
|
Tool Humber | & |
Mumber of Flutes | 1 \ ! F;
I

Close

¢ In the (above) default Tip form define a Dia 50 Tiprad 6 - Length 125 -
Named D50T6 - Tool Number 6.

% Tip Radiused Tool 2=l

Tp  Shark |Holder I Holder Profile I Cutting Data I Description I

— Comporfnts Tool bly
+T:515 = (E| 3°F
Dimen§ons ——— |
Uppel Diameter I 50.0
Lower yameter IW
Lkngth W

125.0

|125.0

Cutting lehgth

£

\
o=\
\

¢ Inthe Shank form, click the Add a shank component icon and enter
Upper/Lower Diameter 50 and Length 125.
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% Tip Radiused Tool 21xl

Tip | Shank  Holder |Holder Profile | Cutting Data I Description |

— Components —Tool Assembly

Holder Name | 1 M
559 gl 2|

CiMe=nsions

pper Diameter I 120.0
Loler Diameter ISD.D
Length | 125.0

Tgnore [~ The Overhang is the
- vertical distance from the
Qverha I 250.0 =
ﬂ bottom of the holder to the
e | || tip of the cutter.

|
|
|

B

\
o=\
\

¢ In the Holder form, click the Add holder component icon entering Upper
Diameter 120 - Lower Diameter 80 - Length 125 and Overhang 250.

¢ |nthe Holder form, click the Add holder component icon entering an
Upper/Lower Diameter 120 and Length 100.

e Close the form

The style in which the tool is displayed can be controlled by right clicking on TOOLS in the
tree browser pane and selecting Shaded.

- .
E  100ls| |

C.) Bou Tools

""" £3 pat Toolbar...

|j;' Fea
- woi  Create Tool 3
[]...Q Ley  Tool Mames 3
- I Mo Deactivate

"' St praw Al

""" LF Gro Undraw Al
-2 Mac

i

v Draw Shank
v Draw Holder

Create Folder

Add All Tools to Database
Change Stock Material for all Tools

Delete Al

Issue PMILL 2011 2.13



2. Machining Set up in Detail

Material Block Definition

PowerMILL 2011

e Calculate a 3D working volume (Block) to actual model dimensions using

X 00 0.0 0.0
Y 00 0.0 0.0
Z 00 0.0 0.0

Cylinder Parameters
0.0 0.0

0.0

Estimate Limits
Tolerance 0.1 Type Model -

Include reference surfaces [

Draw [¥] Opacity I
[ Accept ] [ Cancel ]

the Defined by - Box option.

[ & Block (o ) |
Defined by Box -
Coordinate System
v W:;kp'ane . The default option for Block is Box (A rectangular
- volume). Other options include Cylinder (a
™ i Max Length Cylindrical volume), a Triangle model (Casting)

available in PowerMILL PRO only, and
Picture/Boundary (Extruded 2D wireframe
contours).

The dimensions of the Block can be entered
manually or calculated directly to the Type of
entity:-

Model, Boundary, Pattern, or Feature.

The Opacity slider controls the degree of shading
(clear to dense).

Rapid Move Heights

e |n the Rapid Move Heights form click the Calculate tab to set the default
values for tool rapid moves to clear the component by 10.

4 Rapid Move Heights L2 [
Geometry
Safe area Plane -
Workplane v]
MNormal
100 ] 00 K 1.0
SafeZ 0.0
StartZ 0.0

Calculate dimensions

Rapid clearance 5.0

Plunge clearance 5.0

Calculate

Applh Accept ] [ Cancel ]

¢ Input the active Workplane Datum.

The Rapid Move Heights options enable safe rapid
moves between tool tracks clear of the top of the
Component or Block (whichever is the higher).
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Start and End Point

e |nthe Start and End Point form use the default settings :-
Start Point - Block Centre Safe and End Point - Last Point Safe.

& Start and End Point Form @@ @& Start and End Point Form @E|
v S5
StartPoint | End Paint Start Point | End Paint
Method Methiod

[ 1 =5t Point Safe
Retract Along | Tool Axis w

Retract Distance | 5.0

Coordinates Coordinates

% | -0.00 v | -61.0 7 | 100 w00 v 0.0 7 |00
Tool Axis Tool Axis

1|00 1|00 K| L0 1|00 /00 K | 1.0

Save Project

e Select Save Project to update the saved PowerMILL Project (Do not
close the Project).

Note: The Project is stored in:-
C:\users\training\COURSEWORK\PowerMILL-Projects\Spkr-Core

Up to PowerMILL 9 it has been the responsibility of the user to Save the Project at suitable
times during the PowerMILL process. In addition to this, Tools - Options - Projects can be
set to include Save the Project automatically either on calculation of each toolpath or after a
set time period (or both). From PowerMILLL 10, if one or both is set, then even if a Project
has not been created the session will now auto recover after a crash.

¢ In the main Pull Down menus select:-
Tools - Options - Projects - Auto Save Project

ﬁ ‘ a} @ ﬁ Echo Commands

Reset Forms [ Tolerances 9
om0 % Toobaths Auto Save Project

Request Licences 13

~———  SnapFilter ] . l_jo—
Q ‘ ’g Filter Style » . eeds and Speeds Minutes Between Auto Saving
——————————————  Customise Paths... y Save on Calculation ¥
E—— - View
h}' l &I f —3| Release Licences 3 - Impart
0 Save Proje

@‘ NC Programs
<4 Toolpaths
£ Tools

" Il ~ neaTe

Customise Colours...

¢ Input Minutes Between Auto Saving as 30 (minutes) and tick the Save
on Calculation Box.

PowerMILL will now automatically apply Save Project after a toolpath has calculated as
well as every time 30 minutes has elapsed since the previous Save Project.
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Toolpath Processing Options

Calculate

Once a machining strategy has all the required settings and values ready for processing, the
Calculate tab can be clicked to start the calculation process. During this time the user is
unable to continue working in PowerMILL until the Toolpath has been created. In this case
the strategy form remains open with just the Recycle and Copy options active.

Calculate Queue QK Cancel

There however two further options:-

Queue (PowerMILL PRO users only)

The second is Queue that allows the user to continue working in PowerMILL while the
Toolpath is being processed in the background. (One or more Strategies can be added to the
Queue and they are calculated in the background, in sequential order). As soon as a strategy
is applied to the Queue the form closes.

E»@ Toolpaths

E»&-\' Toolpaths OB L
g - L2
LTrEn 27 Em
E-v/EE [ 1
£ Tools Simulate from Start
H Imula am r
B gl Note; The ‘Calculator’ symbol changes to the
(2 Boundaries  Activate ‘Queue’ symbol as soon as the Queue option is
..... "% Patterns Activate Workplane selected.
ljp Feature Se ;
Sekhngs...

----- 4 Workplanes

1€ Levels and m Queue can either be applied directly from within

- @ Models et Blodk by a Strategy form, or from the explorer menu (as
shown left).

(mul

OK - Batch Process

The third is OK which closes the unprocessed, toolpath form with the current settings and
values, stored and ready for the Batch Process, menu option to be applied. One or more
unprocessed, machining strategy can be saved to be sequentially calculated later, on selection
of the Batch Process option. While Batch Processing in taking place the user is unable to
continue working in PowerMILL until all the included Toolpaths have been created.

e —

P
SR Toolpaths.

=2 HE Toolpaths
..... i Tools

Toalbar...
- Boundari
----- % Patterns Create Toolpath...

1j) Feature!  Toolpath Mames b
----- . Workplar

""" Levels ar Invalidate Al %

... [ Mnrele
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3. 3D Area Clearance

Introduction

The main strategies for roughing a 3D component Model are called 3D Area Clearance.
These provide a choice of 2D material removal methods, which progressively machine the
area (Slice), up to the component contour, down a sequence of user-defined Z Heights.

Sometimes known as Waterline Roughing the cutter steps down to a specified Z Height and
fully clears an area (Slice) before stepping down to the next Z Height to repeat the pfocess.

For some components a secondary Area Clearance strategy is applied using the Rest
Machining options in conjunction with a smaller roughing tool. This will locally remove
pockets of excess material inaccessible to the original Reference Toolpath or Stock Model.
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 not be necessary
to apply any Area Clearance machining but to go directly for a semi-Finishing strategy.
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Thickness and Tolerance (Applied to 3D Area Clearance)

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 preset and are called
Thickness and Tolerance.

Thickness is the amount of extra material specified to remain on the work-piece after
machining. This can be applied generally (as shown), or independently as separate Radial
and Axial values within the machining options.

Stock

_______________ Thickness|
Stepdown I / l

- TR = P

Component Form

Thickness + Tolerance (Flat Area)

Raster Area Clear example

The Raster Area Clear strategy follows a series of linear moves across the Block limiting to
the Component form at the active Z height. It then, (if required) performs a Profile pass

around the component to leave a constant thickness around the Slice. Other options provide
the abilty to further fine tune the final strategy.
$
e From the Main toolbar select the Toolpath Strategies icon.
e Select 3D Area Clearance tab.

Favourites I MyStrabegiesI 2,50 Area Clearance 30 Area Clearance |B|isks I Criling I Finishing I Legac ! I L4

Corner Clearance

del Area Clearance

—JJJPIUnge Milling
ﬁslice Area Clearance)
< slice Profile

\ OK I Cancel I

e Select the option Model Area Clearance to open the following form.
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Enter the Toolpath

Name D50T6_A1

e Set Thickness to 0.5

e Set Stepover to 20

e Set Stepdown to 10

Keeping all other
values as default,

Calculate the form.

form.

ﬁ MC Programs
= @ Toolpaths
ERVARE e
=9 Tools
¢ > dsote
- Boundaries

The Toolpath icon
can be double-
clicked to Activate
and de-activate the
toolpath.

The + symbol can
be clicked to open a
full record of the
data used to create
the toolpath.

The dotted red lines
represent Rapid
moves and the light
blue lines are the
Plunge feed moves.

After the processing is
complete Cancel the

T6_Al

3. 3DArea Clearance

.

'
(ﬂ Model Area Clearance

/[

Toolpath name  D50T-AL

=

----- 12, Workplane
- Block

..... W Limit

= Raster

€l wall finishing

T High speed
~ Order
J Approach

------ Ty Automatic verification

----- <3 Point distribution
..... Lf_': Tool axis

{17 Leads and links
- Start point

@ End point
H-fr Feeds and speeds
..... ~ Motes

Model area clearance

4 Unsafe segment removal
@ Flat machining

{0 Cutter compensation

E? Rapid move heights

----- & User defined settings

[Model area clearance

Style

Profile
Climb

01

] Rest

Automatic

Cut direction

Raster

Area
- Climb

Tolerance

Thickness

0.5

Stepover

@ 20.0

Stepdown

R4 @ 10.0

machining

|Ca|.cu|.ate| [ Queue ] ’ QK ] ’ Cancel ]

As soon as the Raster Area Clearance (Model) form is
opened an unprocessed Toolpath appears in the Explorer (the
default name has been changed to D50T6_A1).
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Rapid Move Heights in detail

The Rapid Move Heights form provides Safe Z and Start Z input boxes. Suitable values are
entered to define a safe height (Safe Z) at which a tool can safely perform, horizontal Rapid
Moves above the model as well as (Start Z) where a Rapid plunge move changes to a
plunge Feed Rate. If the Reset to Safe Heights tab is clicked then PowerMILL will set the
Safe Z and Start Z to be a safe distance above the Top of the Model or Block (whichever is
the highest).

Rapid Move Heights works in conjunction with the Leads and Links form ﬂ which in
turn provides a more flexible choice of toolpath Link moves.

. -
(74 Leads and Links l ? e

|Z Heights | First Lead In | Lead In | Lead Cut I Last Lead Cut I Extensions | Links L

Short/Long Threshold 100

Retract and Approach Moves Short

Along  Tool Axis Safe

Automaticall}r Extend
Maximum length  250.0

Long
Safe

Default

Retract Distance 0.0 Safe
Approach Distance 0.0

[] Are Fit Rapid Moves

A Accept ] [ Cancel
Short
Safe - id gl - o -
Leng [ i :
Safe - ! ,
Default ﬂ
Safe -

Safe (default) sets the plunge feed rate to apply at a specific height above the job. This is
more predictable and reassuring for the machine tool operator but the time take by the non-
cutting (air) moves is inefficient especially in the case of large, deep components.

In the section of the form labelled Incremental Heights, in addition to Safe, two other
options Skim and Incremental are available.
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Short
Skim -
1 1
Long : :
Skim v : -
1 1
1 1

Default '
Skim -

Skim enables the downward, rapid feed rate to continue to a specified Incremental Start Z
above the full plunge depth before the slow plunge feed rate ‘cuts in’. Skim then applies a
rapid retract to an Incremental Safe Z above the highest point on the component ‘in line’
with a linear link move to the next plunge position. To cater for all types of machine tool
this move is a (Purple) Skim Feed Rate (G1) as instead of a (Dashed red) Rapid (GO).

Short
Incremental - I - i
Long : : : :
1 ' ' 1
Incremental - : : , .
1 1
Default ' ' '
1
Incremental - !

Incremental applies the rapid feed rate all the way down to an Incremental Start Z
measured from the full plunge depth at which point the slow plunge feed rate ‘cuts in’. The
Plunge option differs from Skim in that all rapid link moves occur at the Absolute Safe Z.

Feed Rates assigned to Toolpath element colour
The Feeds and Speeds form uses the Style and Colour of elements along a toolpath to
register the correct type of Rapid Move or Feed Rate settings.

Fixed (GO0) Rapid moves:- Red Dashed - Toolpath elements

Pl Pondi o Variable (G1) Feed Rate moves:-
Spindle Speed [Recommendsd: 1700 rpm)
1700.0 fprn Green/Orange - Toolpath Cutting Feed moves.
Pale Blue - Toolpath Plunging Feed moves.

Cutting Feed R ate [Recommended: 500 mnm./min) .
j Purple - Toolpath Skim Feed moves.
. 500.0 e

Flunging Feed Rate [Recommended: 50 mm/minl  Also, local areas of a toolpath can be assigned with
B0 A min additional Cutting Feed Rate values via the
Toolpath Editing options (See Chapter 8) as a
percentage of the nominal value. PowerMILL will
assign a different colour to areas of the toolpath
edited to have a new Feed Rate.

Skim Feed Rate
30000 mmmin
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L
e From the Main toolbar, select Feeds and Speeds M and input the
values shown above before selecting Accept.
e Right mouse click over the Toolpath icon in the explorer to open the local
pull down menu.

It | @] ]

----- @] MC Programs
|_‘_| @ Toolpaths
> D50t6_A1l

& *” Tc-uls D50t6_A1l

O Boundaries St Fom Start
e IMLlE om i .
""" °3 pattems Note the toolpath can also be activated or

I FeatureSets v Acivate deactivated from the Activate switch in the
=1 Workplanes Activate Workplane
pulldown menu.

L Dm
[]---@ Levels and Set Parameters. .

[l LR PR

e Select Settings to reopen the Raster AreaClear Model form.

e Select the ‘make a copy @] of the toolpath icon.

_l Eﬂ] Teslpathname  On the left of the Model Area Clearance form is an
; explorer window. When an individual option relating to the
""" b ::”;‘kp"""'e strategy is selected all related settings etc are exclusively
ﬂ T;l displayed in the main form. This makes it easier for the user
..... o Limit to navigate, with the minimum settings on the form at any

one time along with larger tabs and icons.

[]---‘ Model area |:|r:araru:r:§
qﬂ__ Cutter compensation
..... £ Point distribution

..... 147 Toal axis

.= Rapid move heights
w1 ¥ Leads and links

-l Start point

.l End point

..... ﬁ; Feeds and speeds

..... Motes

e From the Toolpath form explorer select the Links option and change the
Short, Long, and Default Links to Skim as shown below.

1T Leads and links Short

1T Leadin Skim T
:_: Lead Dut//V Leng
-1 Skirn M
Default
Skim v

e Select the Calculate tab at bottom left the Model Area Clearance form
and once processing is complete click Cancel to close the form.
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Statistics

3. 3DArea Clearance

The tool will now plunge
locally (pale blue move) from
the defined Incremental -
Start Z relative to each slice
and rapid across the roughed
areas using an Incremental -
Safe Z (purple move).

Provides the user with essential information about the Active toolpath and associated

parameters.

e Right mouse click on the original toolpath (D50T6_A1) in the PowerMILL
explorer and from the local menu select Activate.

¢ In the same menu select Statistics and a form will open displaying
information relating to the toolpath and associated settings.

[ | @] ]

@ MNC Programs
E--»@ Toolpaths

CRVIESE 1> D5016_A1

-/ |5 & Dsots_a1_
-4 Tools
- Boundaries
----- F Patterns
1—_‘? Feature Sets
E},}f Workplanes

e

D50t6_A1

Simulate from Start

v Activate
Activate Workplane

Settings. ..

Vo

Load Settings

Properties [ g

Verify

l

3

Trwert Selartinn

& Toolpath Statistics 2=
r~Leads and Links
rLength Time
Rapid I 109981.3¢ 0:35:39
Plunge 27755.63 9:15:06
Ramp [0.00 0:00:00
Others I 114297 0:02:17
Total I 133879.5¢ I 9:54:03
r Cutting Moves
rLength ~Time
Linear I 80290.65 2:40:34
A [1r67 0:00:20
Total I 80461.32 2:40:55
Total I 219341.3: 12:34:58
Lifts I 41l
Estimate | Cancel I

Note; In this case the total machining time is displayed as 12:35 hrs.
e Activate the second toolpath (D50T6_A1_1) and obtain the Statistics.

Note: In this case the total machining time will be around 5:12 hrs.

This large saving is achieved simply by using Skim in the Rapid Move Heights form. In the
original toolpath Absolute was used in the Rapid Move Heights form and this includes a
large amount of toolpath link moves running in fresh air.
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Simulating the toolpath

e Perform both a toolpath and ViewMILL simulation on the final Raster
Area Clearance toolpath.

e Switch the ViewMILL to No Image @ to return to the PowerMILL
session and toggle the ViewMILL On/Suspend < to red (Suspend).

Note:-By toggling back to PowerMILL, the ViewMILL session will still exist in the
background so that any subsequent toolpaths can later be used to continue the simulation.
If the Viewmill session is still set to On, then even though it is set to No Image, the
Viewmill simulation will continue to update parallel with any further, toolpath simulations.

Saving the Project

e From the Main pull down menus, select File - Save Project to update the
stored data.

The Project (C:\users\training\COURSEWORK\PowerMILL-Projects\Spkr-Core) has
now been updated to include the 3D Area Clearance toolpaths.

e Do Not Close the Project as it is to be continued in the next example.

Offset All — Model Area Clearance example

The Offset All strategy starts by following the contour of the both the Block and Component
form at the active Z height. It then progressively offsets into the remaining areas of stock.
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3. 3DArea Clearance

e From the Main toolbar select the Toolpath Strategies icon. @
Select 3D Area Clearance tab.

ﬂf Strategy Selector

Favourites | MyStrategies | 2.5D Area Clearance 3D Area Clearance |Bhsls | Drilling | Finishing | Legac { I L4

20|

!.- Corner Clearance

&9 Slice Profile

ishca Area Clearance

EEB o

Preview

\

s |

. \ ,
Select the option Model Area Clearance to open the following form.

Enter the Name rdﬂ Model Area Clearance M1
D50T6_A2 Toolpath name  D50T6-A2
Select Style _ Offset %:s;tpla"e [Model area clearance
A" || Tool Style
.88 Limit
[—]‘ Model area clearance » >
Set Thickness to 0.5 @ Wai ishing
ﬂ Unsafe segment removal Offset all oS
@ Flat machining
Set Stepover tO 20 T High speed Cut direction
X Order Profile Area
T Approach Climb - Climb -
% Automatic verification
--{li Cutter compensation Tolerance
Set Stepdown to 10 28 Poin detrinaion o1
.1 Tool axis
.= Rapid move heights Thickness
@11 Leads ar.1d links 05
Keeping all other By
@ End poin Stepover
values as default, i) fi Feeds and speeds -
MNotes ’
Calculate the form. 2, Use defined settngs s
epdown
. Automatic - 100
After the processing i
is complete Cancel 220200
the form.
’Calculate] ’ Queue ] ’ 0K ] i Cancel ]

- | @] |

@ MC Programs

E»@ Toolpaths

. @) ¢ & Doots_ad

) ¢ & Doots_A1_1
@V )& > D50T6_A2

b Tonls

As soon as the Offset Area Clearance (Model) form is opened
an unprocessed Toolpath appears in the Explorer (the default
name has been changed to D50T6_A2).
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e Perform both a toolpath and ViewMILL simulation on the final Raster
Area Clearance toolpath.

e Select the ViewMILL Suspend icon # and No Image @ to return to
the PowerMILL session.

e From the Main pull down menus, select File - Save Project to update the
stored data.

The Project (C:\users\training\COURSEWORK\PowerMILL-Projects\Spkr-Core) has
now been updated to include the 3D Area Clearance toolpaths.

e From the Main pull down menus select File - Delete All
e From the Main pull down menus select Tools - Reset Forms
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Area Clearance — Unsafe Segment Removal

This option is designed to filter out machining of confined areas that would involve small
movement of the cutting tool. In the following example it is applied to prevent a relatively
large tool attempting to plunge into a deep pocket area where a smaller tool would be a better
choice.

e Open the ‘Read Only Project:-
C:\users\training\PowerMILL_Data\Projects\MountingBlock-Start

e Save Project As:-

C:\users\training\COURSEWORK\PowerMILL-Projects\MountingBlock

e Activate the Toolpath named No-AreaFilter

The existing toolpath is allowing
the cutter to machine into confined
areas. This is resulting in sudden
sharp changes of cutting direction
and excess loading on the tool.

Right click on the toolpath named No-AreaFilter and from the local menu
select Settings to open the original Offset Area Clearance form.

Select the ‘make a copy’ of the toolpath.
Rename the copy of the toolpath as AreaFilter.
From the toolpath form explorer, select Unsafe segment removal and
input the settings as shown below (Note; Only remove segments from
enclosed areas is unticked).

21|

Toolpath name I D50TE_A2

Unsafe segment removal

[¥ Remove s=gments smaller than threshold
Model area clearance Threshold (tool diameter units) I 10
Offset
wall finishing

Unsafe segment removal

Only remove segments from endosed areas [

Elat mmrbvimin

All tooltracks spanning a distance less than the Tool Diameter (TDU) will be filtered out and
not appear in the final Toolpath.

The effect of unticking Only Remove segments from enclosed areas means that the
recessed areas running out to the Block will be included in the filtering process.
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e Calculate the Offset Area Clear Model form and once processing is
complete click Cancel to close the form.

Area Filter has been applied to prevent the
cutter attempting to machine into confined
areas.

There are however a couple of undesirable
spikes on the unfiltered part of the toolpath.
These can be reduced by applying the High
Speed - Profile Smoothing option.

e Right click on the toolpath named AreaFilter and from the local menu
select Settings to open the original Offset Area Clearance form.
[

Select the ‘make a copy’ of the toolpath icon (shown arrowed below).

Taol g | ead

[ Create a new toolpath based on this one|

Rename the copy of the toolpath as AreaFilter-ProfileSmooth.
¢ Keep the same Unsafe Segment Removal settings switched on, and in
High Speed, tick the Profile Smoothing box with the Radius (tool

diameter units) slider set to 0.
u'g Model Area Clearance 2=

m Toolpath name IAreaFiIDer_ProﬁIeSmoo Qg
L1
@ Wall finishing

1& Workplane
v Profile smoothing
Radius { tool diameter units )
H Unsafe segment removal

-l Block
Fiat machining Smoothing allowance
High speed
:

] Tool
e-.“ Limit
[—jg Model area dearance
i@ Offset
e (Calculate the Offset Area
Clear Model form and once
processing is complete click
Cancel to close the form.
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e From the Main pull down menus, select File - Save Project to update the
stored data.

The Project (C:\users\training\COURSEWORK\PowerMILL-Projects\MountingBlock)
has now been updated to include the 3D Area Clearance toolpaths.

e From the Main toolbar select File - Delete All.
¢ From the Main toolbar select Tools - Reset Forms.

Model Rest Area Clearance example

It is generally good practice to use as larger diameter tool as possible for the initial Area
Clearance operation. This ensures that the maximum amount of material is removed as
quickly as possible. In many cases however the larger diameter tool may not have full access
to certain internal corners or pockets within the component. As a result these areas will
require further roughing out with one or more, smaller diameter tool before sufficient
material is removed prior to running the Finish Machining strategies.

In the Model Rest Area Clearance options a smaller diameter tool is referenced to a
previously created machining strategy such that tool tracks will only be produced locally
within the remaining material (stock).

¢ Import the model:-
C:\users\training\PowerMILL_Data\models\ WingMirrorDie.dgk

e Create a Tip Radiused tool of Dia 40 tiprad 6 and Name d40t6.

e From the Main toolbar open the Block form and Calculate using the
Defined by - Box to the full model dimensions.

e Calculate the Rapid Move Heights.

¢ In the Start and End Point form set the Start Point to Block Centre Safe
and the End Point to Last Point Safe.

Issue PMILL 2011 3.13



3. 3D Area Clearance
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e From the Main toolbar select the Toolpath Strategies icon J

¢ In 3D Area Clearance select the option Model Area Clearance to open
the following form.

&# Model Area Clearance

el

k, Workplane
i Block

""'l-,_,-l Tool
ol Limit
=-£% Model area dearance
@ Offset
: @ Wall finishing
H Unsafe segment removal
: & Flat machining
ﬁ? High speed
X Order
J Approach
% Automatic verification
\U’_ Cutter compensation
4% Point distribution
E Tool axis
g Rapid move heights
[]---1E: Leads and links
e’af Start point

eﬁ End point

.ﬁl’ Feeds and speeds

= Notes

2|

Toolpath name I D40TE_D1

Model area clearance

I~ Style

&

I Offset all -
~ Cut direction

Profile Area

| Climb 4| | climb 4|

~Tolerance

r Thickness

¥ Tc &

T e

IAummaﬁc

2| W |10.0

™ Rest machining

Calculate Queue OK. Cancel

Enter Name D40T6_D1.
Select Style - Offset all
From the explorer -
Leads and Links, select
Lead In.

E|1‘.‘I' Leads and links

7y
‘_fI' Lead out
..... | ‘_r‘tl" Links

In the Lead in window

select 1! Choice - Ramp

Select Ramp Options:-
2%

1st Choice |2nd Choice |

Max Zig Angle |4-D
Follow ICirdE vI

Closed Segments only [

Circle Diameter
0.6

Ramp Height

Type IIncremen‘ﬁI vl
Height I 5.0

e Click Calculate to process the above specified Area Clearance toolpath.
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The Offset all - Area Clearance
strategy follows both the contours of
both the Model and Block then
gradually offsets into the remaining
material at each Z Height.

= @ Toolpaths
b} 4> p4016_D1|

=¥ Tools  paoT6_D1
-1
(2 Bounc Simulate from Start
4 Patter
r_‘? Featu
£ Worky

£ Levels:  Settings.).

@ Model
& ctock|  Recreats Block

v Activate
Activate Workplane

¢ Right mouse click on the toolpath and select Simulate from Start to

open the Simulation toolbar.

& DT D1

POl DK —— ] & x

e Ensure that the Viewmill toolbar is also active.

Clevcveedy| L wvHE @ x

e Switch the ViewMill On/Suspend icon from red Y 1o green I: on the

ViewMill Toolbar, followed by the Shiny Shaded image icon |"-'_'“|.

&5 p4076_D1

v | i |peoTe

D A DDA — 2 & X

¢ Press the Play button to start the simulation.

The simulation of the toolpath will start with tool displayed, but this can be controlled by
toggling the light bulb on the tool entity in the explorer pane.

Note: Undrawing the tool will speed up the simulation.

(2 Boundaries
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The finished result indicates that the current tool has not been able to remove enough material

from some areas of the model.
As a result a further Area Clearance strategy is required using a smaller tool to continue

locally into the remaining areas.
This technique is known as Rest Machining.

e Suspend ViewMill _2_

e Switch off the shaded image. Q

Rest Roughing using a Reference Toolpath

e C(Create a Tip Radiused tool of Dia 16, tiprad 3 and name D16t3.
¢ Right mouseg click over the Toolpath icon in the explorer.

It | @) <] /
@ MC Program:

E@ Toolpath4

-RVARSE" 1 - D40t6_D1

o pote_p1 ¢ Select Settings to reopen the Model

-2t L] paots

- ¢ [J>piers  Smuatefom start Area Clearance form.
g Boundaries w Activate

[ Patterns Activate Workplane /

EP Feature Sets

i Workplanes Ml

Q Levels and Sets

e Select the ‘make a copy of the toolpath’icon ﬁ]

Note: All settings originally used to create the toolpath will become re-activated.

e Activate the new tool, D16t3.
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EE Model Rest Area Clearance 21|
@l HJ Toolpath name I D16T3 D1 L4
..... Workpl
12, vieriplane Model rest area clearance
- Block
..... [] Toul ~Style
..... o Limit
[-]-‘ Model rest area dearance
..... & Rest
----- & Offset
----- @ Wall finishing IOfﬁset all 'l
H Unsafe segment removal
e Flat machining r~ Cut direction
..... 'ﬁ? High speed Profile Area
----- X Order ICIimb j ICIimb j
----- J aApproach
----- W Automatic verification [ Tolerance
..... < Point distribution 0.1
----- I‘_': Tool axis
_:"f Rapid move heights  Thickness
-1 ] Leads and links Dl l_ @
i 0.5
..l Start point =
I'.f . .
-l End point ~Stepover
----- fir Feeds and speeds l—
..... =] MNotes W &0
~Stepdown
IAummaﬁc =l W |50
[ ]

&'gf Model Rest Area Clearance

</

Toolpath name I D16T3 D1

----- k Workplane
il Block

..... [] Tool

----- ¥ Limit

[—]-‘ Model rest area dearance
.. Offset

@ wall finishing

H Unsafe segment removal
e Flat machining

I A S|

----- k, Workplane
[ Block

..... U Tool
----- o Limit

Model rest area dearance

¥ Rest machining \

Calculate | Queue | oK | Cancel |

x|

Rest Machining

ITooIpath

Detect material thicker than I 0.0
Expand area by I 0.0

| |paots D1

[
Unsafe segment removal

I Remove seaments smaller than threshold
Threstold/(kool diameter units) I 1.0 Y

only remoyve segments from enclosed areas M

3. 3DArea Clearance

Enter a new name
D16T3_D1.

Thickness 0.5
Stepover 1.0
Stepdown 5.0

Enter:-

Tick the box labelled
Rest machining to
display the Rest option
in the explorer.

=% rest

Select the Rest
Machining type as
Toolpath and enter
D40T6_D1 as the
reference item

In the explorer select
Unsafe segment
removal.

Untick Remove
segments smaller
than threshold.

e Select Calculate to create the additional Offset Area Clear toolpath

shown on the following page.
e Cancel the form.
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e Save Project as:-
C:\users\training\COURSEWORK\PowerMILL-Projects\Wing_Mirror_Die.

e Turn ViewMill On (Green) ¥ —>|3_
« Select the Rainbow Shaded Image <!

e Select the toolpath D16t3_D1 and Play the simulation.

v
Sloreraos «Tv] g |oieTs R R R T e T

The ViewMILL simulation
shows this next toolpath
shaded in a different colour
where it has machined in
areas the previous toolpath
did not cover

The Reference Toolpath has
roughed out material closer
to the component form.

This will reduce the risk of
excessive wear or damage to
tools used for the subsequent
finishing operations.

e Select the Suspend ViewMill icon to return to PowerMILL.
¢ From the Main toolbar select File - Delete All
e From the Main toolbar select Tools - Reset Forms.
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EXERCISE:-

Area Clearance with both Unsafe Segment Removal

and Rest Roughing

e Import the Model:-
C:\users\training\PowerMILL_Data\Models\Cowling

Machining Set Up

e Create the following Tools:-
Dia 20 tiprad 3 named D20t3
Dia 12 tiprad 1 named D12t1

¢ Create and position a Workplane centrally positioned to the top centre of
the model as a more suitable machining datum.

¢ Define a suitable Block using Defined by - Box to Type - Model.

e Apply Calculate in the Rapid Move Heights form.
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Area Clearance Strategies

e Create an Offset All - Model Area Clearance strategy using the Unsafe
segment removal options to prevent the D20t3 tool from attempting to
machine into the central pocket. Use a Thickness of 0.5.

e Create another Offset All - Model Area Clearance strategy this time with
the D12t1 tool.

e Before calculation switch off the Unsafe segment removal option and
switch on the Rest Machining options switched on, referenced to the
previous toolpath.

e Save Project As:-
C:\users\training\COURSEWORK\PowerMILL_Projects\ModelAreaClear-Exercise
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ViewMILL Simulation

e Perform a ViewMILL simulation on both of the Model Area Clearance
toolpaths with the Rainbow shading option active. This will enable the user
to see exactly where the second toolpath (different colour) is removing
further material from the partially machined block.

The Rainbow
ViewMILL Shading
option displays the
resultant material
removal for each
toolpath as a different
colour.

e From the Main pull down menus select File - Delete All.
e From the Main pull down menus select Tools - Reset Forms.

General information on Area Clearance Machining
The following is reference information for the many different options contained in the Area
Clearance form. This can also be found by using Help.

Thickness
Radial
Thickness
Thickness “
Thickness
[
Axial
| Enables/Disables Axial Thickness| /7 Thickness
B £
Y

Clicking the Thickness button on the Area Clearance forms opens the Axial Thickness box
allowing the user to set separate values for Radial and Axial thickness. This faclity is also
available on the finishing forms.
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Z Heights — Manual Input

If Stepdown is set to Manual on the Model Area Clearance form the Area Clearance Z
Heights form will open. In here are five alternative Defined by options:- Z Heights:-
Number, Stepdown, Value, Intermediate and Flat.

Number - divides the block equally into the defined number of Z Heights.

Stepdown - creates a Z Height at the base of the Block and then steps upwards using a fixed
incremental value. If active the Tick Box - Constant Stepdown causes the distance between
all levels to remain constant. To achieve this, the actual stepdown value will more than likely
have to be automatically, modified to be less than the nominal value.

Value - creates a single Z Height at the defined value.

Flat - Identifies flat areas of the model and creates a Z height (+ thickness) at these values.
It can also be set to machine the specific flat areas instead of the whole of the slice.

Intermediate - adds a specified number of Z Heights between the current ones.

Appending Z Heights - Z Heights can be also be cloned from an existing Model Area
Clearance toolpath from the Reference section of the Area Clearance Z Height form.

Profiling

A profile can be performed at each level to remove steps that will be left by the cutter Before,
During, or After a Raster - Model Area Clearance strategy. Additional profile passes can be
applied when machining either on either Every Z, or the Last Z level with Offset, Profile or
Raster strategies.

When
This option is in the Raster form accessed from Model Area Clearance explorer. It allows
the user to determine when the profiling pass occurs during machining.

None - No Profiling pass is performed

Before — The Profiling pass is performed before the Raster path.

During — The Profiling is performed at suitable intervals during the Raster path
After — The Profiling pass is performed last.

Cut Direction

This controls the direction of the tool along the toolpath:-
Any — This instructs the cutter to machine in both directions.
Climb - This will instruct the cutter to profile such that the material is to the right of
the direction of travel (Climb Milling).
Conventional — This will the cutter to profile such that the material is to the left of
the direction of travel (Conventional Milling).
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Wall Finishing

This option is accessed from the Wall Finishing Page in the Model Area Clearance
explorer. It allows the user to make an additional, final profiling pass to further reduce tool
wear.

Allow tool outside block

The Allow tool outside block switch is located in the Limit page Of the Model Area

Clearance form

This enables the first pass of an Area Clearnace strategy to be performed to the specified
Limit &3 « Limit &

Stepover, B rather than the full radius of the tool. sl T

Flat Machining
The Flat Machining page of the Model Area Clearance form contains options to control if
and how the flat areas of a component are machined. These include Off, Area, and Level.
If Level is selected Flat Machining will occur across the whole area defined by the Block.
The nominal Stepdown value will be locally reduced as required to accommodate each Flat
areas as part of an equally spaced, group.
If Area is selected Flat Machining will be confined to the individuall Flat areas. Note: The
nominal Stepdown value will remain constant (independant of the Flat areas).

Ramping

This option is accessed via the Leads and Links form down to be applied where it is
impossible to approach from outside the Block at the full machining depth (eg within a
pocket).

along the machining direction as the

tool ramps into the material. There are
[ _’ 3 different types of ramp move
: "1 Zig angle following the geometry of the

________________________ ) Toolpath, a Circle, or a Line. If the
I Zag angle length of the Zig angle is limited to a
- finite distance a ramp move in the

opposite direction (Zag angle) can also

- be applied.

The Ramp Length is defined as ‘Tool Diameter Units’ (TDU). For example, A Ramp
Length of 2 TDU would equal 20mm for a Dia 10mm tool.
If Approach Outside is set, this will take priority over Ramping.

JTool The Zig angle is the angle of descent

Ramp Length

If the defined geometry for a Ramp move is such that it would cause a gouge, then the tool
will approach using a default, Plunge move.
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Machining Flats

The area clearance strategies in PowerMILL have an option that allows the user to control
the way in which flat areas of the model are rough machined. These are found on the area
clearance form under Machine Flats.

¢ Import the model:-
C:\users\training\PowerMILL_Data\Models\Flats.dgk

e Create a 12mm diameter
End Mill tool named EM12

e Calculate the Block using
the default settings.

e Set the Rapid Move
Heights and check
Start/End Point is set to
default; Start Point -
Block Centre Safe and
End Point - Last Point
Safe.

e From the Strategy Selector - 3D Area Clearance options, select Model
Area Clearance.
e Fill in the form exactly as below.

' h
,ﬂ Model Area Clearance m
) Toolpath name  EM12-Flats [ ] Name -
""" {2 Workplane [Model area clearance 1 .
-l Block
..... U Tool Style
..... W Limit
Model area clearance
ol Offset
gk Wall finishing
# Unsafe segment removal Offset all -
«@» Flat machining
Cut direction
Profile Area
Climb A Climb -
—ilf Cutter compensation Tolerance
----- -} Point distribution 01
..... 1 Tool axis
=7 Rapid move heights Thickness
-1 71 Leads and links
J 05
-l Start point .
QLL‘, End point Stepover L4 ThICkneSS 0-5
-y Feeds and speeds  —
_____ S Noter 50 e Stepover 5
----- & User defined settings
’ Stepdown
Autormnatic - @ 120 L4 Stepdown 1
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.“.:- Model Area Clearance llil

@l m Todlpath name [ EM 12-FatsOFF o
g s Flat machining

-1 Tool Machine fats
o8 Limit
[—]-‘ Model area dearance i A
Offset IMultiple cuts
Wall finishiny
— 9 . : Hurber af cuts Stepdawn o
nsafe segment removal l— l—
L ma ! =
..... 'ﬁ— High speed = Final stepdawn

3. 3DArea Clearance

In the Model Area
Clearance explorer
select the Flat
machining options.

Set Machine flats to Off.

e Select Calculate to process the toolpath and then Cancel the form

With Machine flats - Off the
toolpath has totally ignored
the flat surfaces of the model.
It has maintained the defined,
Stepdown value and
performed area clearance
across the material Block at
each Z Height.

¢ Right mouse click over the Active toolpath and in the local menu select

Settings.
Select make a Copy of the toolpath.

Issue PMILL 2011

Change the Flat machining option to LEVEL (This is the default).
Change the toolpath name to EM12-Flats_Level.
Calculate to process the toolpath and then Cancel the form.

The Model Area
Clearance toolpath now
removes material across the
whole block area leaving
0.6mm stock above each
Flat face (The thickness
plus the tolerance).
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e Right mouse click over the Active toolpath and in the local menu select
Settings.

Select make a Copy of the toolpath.

Change the Flat machining option to AREA.

Change the Name to EM12-Flats_Area.

Calculate to process the toolpath and then Cancel the form.

The Model Area Clearance
toolpath now removes material
locally across each Flat face leaving
0.6mm stock (The thickness plus
the tolerance).

e Save Project as:-
C:\users\training\COURSEWORK\PowerMILL-Projects\AreaClearFlats
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PowerMILL Entity Recycler

¢ Inthe explorer Right click over Toolpaths and select Delete All from the
local menu.

e Use the same method to Delete All - Models (Do not apply to the Tools
section in the explorer).

| Tools Help
Echo Commands

e From the Main pulldown menus select:-
Tools - Reset Forms.

v Snapping

This restores the factory (default) settings in the forms without having to exit and re-enter
PowerMILL.

Note: The Model and Toolpaths deleted from the explorer can at this stage be recovered as
they have been transferred to the PowerMILL Entity Recycler. If File - Delete All is applied
from the main pulldown menus all items by-pass the Entity Recycler and as a result cannot
be recovered. Note: Certain items such as Stock Models cannot be transferred to the Entity
Recycler.

e Left mouse click on the Entity Recycler pane to open the Entity Recycler.

i @ O
E@) Toolpaths
- w2 EM12-FlatsOFF
& EM12Flats_Level
| @-&F EM12-Flats_Area
E| & Models

&1 g Flats

¢ Right mouse click over an item in the Entity Recycler to view the local
menu options to Recover or permanently Delete an item.

e Recover a Toolpath from the Recycle Bin and check that it has been
reinstated in the Toolpaths section of the PowerMILL explorer.

e Return to the PowerMILL explorer and if necessary, apply Delete All
separately again on Toolpaths and Models. (Do not apply to the Tools
section in the explorer).
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PRO - 3D Area Clearance

Introduction

Projects Similar to those saved earlier during the (basic) PowerMill part of the course will
be continued using previously unavailable options, exclusive to PowerMILL Pro.

Rest Machining using a Stock Model

An alternative method of Rest Machining is the use of a Stock Model instead of a
Reference Toolpath.
The benefits of using a Stock Model compared to a Reference Toolpath are:

¢ The remaining surplus material can be visualised and registered along with the
associated toolpaths.

e A Rest machining strategy referenced to a Stock Model will account for all
previous operations registered in that Stock Model.

e A Rest machining strategy created to different Workplane (eg Multi Axis) can be
referenced to a Stock Model. (Note: It is not possible to apply a Rest machining
strategy referenced to a Toolpath that was created to a different Workplane).

The following example will demonstrate the creation of a Stock Model up to the end of the
toolpath D40T6_D1 at which point it will be displayed as the Rest Material. The Rest
machining toolpath D16T3_D1 will then be used as the basis for creating a new toolpath but
this time using the Stock Model.

e Open the Project:-
C:\users\training \PowerMILL_Data\Projects\WingMirrorDiePro_Start.

ﬂj‘ PowerMILL Warning: ﬂ

Project "WingMirrorDiePro-Start' is open read-only.
. Itis being edited by user 'dfb' on computer 'DELCAM.COM/CROC',

It can be saved only under another name, using ‘Save Project
As..)

?K I

e Select OKin the
PowerMILL Warning form.
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e Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\WingMirrorDie

e Inthe PowerMILL explorer, Activate the toolpath D40T6_D1.

@' MC Programs
(£-+8 Toolpaths

ERYAE 1 > D40T6_D1

.m0, 2P DIETID] D40T6 D1

~ o Simulate from Start
C @ gl)owm M
O Boundaries Activate Workplane

e Inthe PowerMILL explorer right mouse click Stock Models to open the
local menu and select Create Stock Model.

@' Levels and Sets
- i Models
Stock Models

P GOUS grock Models |

--{:i Macros @ ——————
Import g

Stock Model Names

Deactivate
Draw Al
Undraw All

Delete All

e Inthe PowerMILL explorer right mouse click the newly created Stock
Model icon and from the local menu select Apply - Active Toolpath
First.

El-48 Stock Models

¥ Groups 1
-2 Macros
v Activate
v Draw
Drawing Options »

Shiow Rest Material
Refresh Rest [Material
Rename

Volume

Export

Caloulate

Apply 3 Block
Active Toolpath First
Active Toolpath Last M)

Set Tolerance
Set Stepover

e From the same menu select Calculate to create the Stock Model as
shown below.
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e From the same menu again select Show Rest Material to display the
Stock Model as shown below.

E|‘ Stock Models |

R
¥ Groups 1
-8 Macros
v Activate
v Draw
Drawing Oplions ld v Wireframe
Refresh Rest [Material Shaded
Rename
Show All Material
Volume .
Export v Show Rest Material
C:'I:’:Jlate Show Removed Material

¢ From the same menu again select Drawing Options - Shaded to display
the Stock Model as shown below.

E|‘ Stock Models |

= e

¥ Groups 1

- B8 Macros —_—
v Activate
v Diraw

Drawing Options Wireframe
e s
Rename
Show All Material
Volume
v Show Rest Material

S Show Removed Material

ow Removed Materia
Calculate

e |nthe PowerMILL explorer - Activate the toolpath D16T3_D1.

¢ Right click the D16T3_D1 toolpath icon and from the local menu select
Settings to reopen the Model rest area clearance form.

e Select the ‘Copy toolpath’ icon (shown arrowed below).

&:‘. Offset Area Clearance [Model Machining]

el E

"Tool—|Create a new toolpath based on this one|
[EW=TIo T3 I Al
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¢ Inthe local form’s explorer select the Rest option and change the settings
to use Stock Model - 1 as shown below.
21x]

Eﬂ] Toolpath name [D1673_D1_t
: |
- fil Block

|_ | Tool
g8 Limit ~Rest Machining
[—]Q‘& Mode! rest area dearance ISth:k model j I 1 j

8
-G Offset Detect material thicker than I 0.0
= @ Wall finishing
.. ﬂ Unsafe segment removal Expand area by I 0.0
.. Flat machining
.. ﬁ? High speed

h 4

oz Order I Consider previous Z Heights
.. J Approach

T Automatic verification N
&y Point distribution -

L Tool axis
.= Ranid move heinhts

e (Click Calculate to create an alternative (more efficient) Rest Machining

toolpath named D16T3_D1_1.
e Cancel the Offset Area Clearance Form to reveal the following toolpath.

Although the Stock Model has been
used to define the machining limits,
the new toolpath is not
automatically added to the Stock
Model. This is carried out as a
second operation if required.

o

¢ Right click over the active toolpath, D16T3_D1_1 in the PowerMILL
explorer and select Add to - Stock Model.

2R ‘k)olpghs
v/ g & D40T6 D1
i/ _ . . . .
}..J . § It is also possible to right mouse click on the
T ere | DweTaDLL named, Stock Model in the PowerMILL
:dlj >D16T3 | SMuate from Start explorer and select Apply - Active Toolpath
Boundaries . .
2 E— Y e Warkelane Last. At this stage the Stock Model will
‘-f T Settngs... disappear from the screen.
[]...9 Levels and Sets Queus
}- odels . .
E: s [ e Right click over the named, Stock
il Model in the PowerMILL explorer
8 acros S — , and select Calculate to create the
£oour ' updated Stock Model as shown.
Rename
Save as Template

Add to 3
Create Individual NC Programs [ME Progranm
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¢ From the Main toolbar select File - Save Project to update the Project:-
C:\users\training\COURSEWORK\PowerMILL-Projects\WingMirrorDie

e Delete all entities in the PowerMILL explorer except the D16T3 tool.

Offset Area Clearance — Offset Type Model

This variant of the Offset Area Clearance is mainly designed for High Speed machining. It
provides a very consistent tool loading at the expense of an increased number of rapid, air
moves across the component. This strategy if applied correctly will dramatically help to
minimise wear to both the tooling and machine.

The strategy is based on the profile around the component at each Z Height being continually
offset outwards to be trimmed to the limits of the material Block.

e Save Project As:-
C:\users\training\COURSEWORK\PowerMILL_Projects\Handle

¢ Import the model -
C:\users\training\PowerMILL_Data\models\Handle.dgk

¢ In the explorer - Activate the Dia 16 tiprad 3 tool D16T3.

e From the Main toolbar open the Block form and Calculate a material
Block to the full model dimensions. Lock the Z max and Z min values,
enter an Expansion value of 10 and Calculate again.
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¢ In the Rapid Move Heightsﬂ, click Calculate.
e From the Main toolbar click on the Strategy Selector. g

e From 3D Area Clearance select the option Model Area Clearance to

open the following form then enter data in the main form exactly as shown

below.

@# Model Area Clearance 2=l

‘\:‘E;ij ﬁ] Toolpath name ID1€I’3-hsm|
:% ‘B“lf;;("”""”e Model area clearance

..... |_| Tool Style
..... o Limit
|:-:|$ Model area dearance
@@ Offset
@ Wall finishing
H Unsafe segment removal Iof—fset model vl
&g Flat machining
T High speed - Cut direction |
% Order Profile Area
2 1ix
T sovronc N TR e -
.. T Automatic verification rCreate Z Heights
.ﬂ. Cutter compensation rTolerance ea =g Type I Height I
----- A Point distribution [or Definedoy  |Vaive = [0 £ 30000
----- L Tool axis
:_",’ Rapid move heights —Thickness ConstanpAtepdovin ¥ -Calmlate
1T i
- & Leads and links Dl I
i 0.5
e"’" Start point -
o ) Refephce
% End point Stepover
..... Feeds and speeds I_ I— oolpath j j
..... Motes W 20 /h{ I
IAppend Al vl Caloulate |
—Stepdown
IManuaI 'l % rDelete By Picking
Ly Ed ('2]
ﬁ Y /l
[ Rest machining
Draw [~ JS@
Cloge |

Calculate I Queue | oK I Cancel | |

¢ In the Model Area Clearance form select Stepdown - Manual and click
on the Z Heights icon to open the Area Clearance Z Heights form.

¢ Inthe Area Clearance Z Heights form input Defined by - value - 3.0 and
then select Calculate (Note: If Z Heights already exist, Delete them by

clicking the blue cross located to the lower right of the form).

e Close the Area Clearance Z Heights form and then in the main Model

Area Clearance form select Calculate to process the toolpath.
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Note: The toolpath is shown with
the Leads and Links undrawn.

e Select anlso 1 view as shown and right click over the toolpath icon in the
PowerMILL explorer to open the local menu.

e Select Simulate from Start and in the Simulation toolbar select Play M
to observe the toolpath being run (If required, select the Esc key to stop
the simulation).

The tool will continuously climb mill,
H:!* *I I starting each tool track a distance from
the material block to allow the tool to

5 reach optimum Feed Rate before
E"&\' Toolpaths contact. Each pass will benefit from
i) § e 1> D16T3-hsm having a consistent material removal

EI*“"‘ Tools rate. The strategy can be further
. U > D16T3 improved using advanced settings to
- Boundaries Simulate from Start progressively smooth away sharp
,,,,, ©% Patterns . corners and straighten tool tracks as
S R they offset further away from the
EIQ Feature sets Activate Workplane

component form.

Al W aelemlamnn

Right mouse click over the Active, D16T2-hsm toolpath icon in the
explorer to open the local pull down menu.

e Select Settings to reopen the Offset AreaClear Model form.

e Select the ‘Copy toolpath’ icon (shown arrowed below).

A

@ Offset Area Clearance [Model Machining]

&l

T !
’7 [ -] |[Create a new toolpath based on this one|

e With the Model Area Clearance form open again, select High speed from
the local explorer options.
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PowerMILL 2011
! ﬁ Model Area Clearance 21X
| ﬁ] Toolpath name Ile‘I’E-hsm_l
ighs
-l Block g
I Toel
-.of¥ Limit ¥ Profie smoothing
=8 g Model area dearance Radius ( tool diameter units )
L..d Offset
0.2
@ Wall finishing e
ﬂ Unsafe segment removal X
@ Fist machnng ¥ smoothing allowance
H h speed
1 Spee J' 25.0 Y|
Approach
Automatic verification 1 Trochoidal moves
-\E-. Cutter compensation Maimium overload
\ Point distribution -} 10.0 Y
L‘; Tool axis
E‘f Rapid move heights s
@1 7 Leads and links l
\'jf Start point Ismc|E|1h jv
il Erd nrint

e Tick and set Profile smoothing to the maximum slider value of 0.2 (TDU).

¢ Tick the Smoothing allowance option and set the slider value to 25 (%).

e C(Click Calculate to create a new toolpath d16t3_hsm1_1 with the improved
25% smoothing allowance added.

Compare both of the Model Area
Clearance toolpaths noting the
progressive straightening of tool tracks
on the second strategy (25% smoothing
applied).

e From the Main toolbar select File - Delete All to delete all data from the
current project.

¢ From the Main toolbar select Tools Draw | Tools  Help

ResetForms ——m— = @]

Echo Commands

Reset Farms

| L

¥ Snapping

This restores the original PowerMILL settings in the forms without having to Close and
restart.
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Machining Flats

In PowerMILL Pro it is possible to locally Area Clear machine the flat areas to their exact
height. This allows the user to rough the part first using Machine Flats set to OFF and then
clear the flats in a second operation.

e Open the Project-
C:\users\training\PowerMill_Data\Projects\AreaClearFlats_Start

&% PowerMILL Warning: x|

Project ‘AreaClearFlats_Start' is open read-only.
Y, Itis being edited by user 'dfb’ on computer 'DELCAM.COM/CROC".

It can be saved only under another name, using 'Save Project
As..'

). A

Select OK in the PowerMILL Warning form.

Save Project As:-
C:\users\training\ COURSEWORK\PowerMILL-Projects\AreaClearFlats_ Example

¢ Right mouse click on the toolpath FlatsArea and from the local menu,
select Activate to reinstate all settings and parameters used.

¢ From the Main toolbar click on the Toolpath Strategies.g
e From the 3D Area Clearance options select Slice Area Clearance.

@7 Slice Area Clearance ed |

g |
‘\.E,‘r«j m Toolpath name I 1

----- 12, Woriglane Slice area clearance
- il Blodk
..... | Toal 5 i
..... o b e e Set Slices as
EI‘ :EEIE!jEEIFEII’II:E IFlat vl Flat
..... :
..... @ wall finishing [~ Slices toolbar L] Set Offset a"
ﬂ Unsafe segment removal I Offset all vl
g Flat machining
..... ﬁ—-_ High speed r~Cut direction
_____ 5 Order Prafile Area
..... J Approach ICIimb j I"'-\nY j
..... % Automatic verification
-.iF cutter compensation [ Tolerance L4 Set Tolerance
..... % Point distribution | 0.02
----- u Tool axis 0.02
.= Rapid move heights Thickness (] Set ThickneSS 0
[]---'}"_ Leads and links M I_ g
e‘" Start point _Dl = g
%"’- End point ~ Stepover
----- Feeds and speeds
_____ L S Bl s » Set Stepover 5
Stepdown
[Automatic =] Ll [120
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¢ In the local explorer select Flat machining.

:% :lf:?ane Flat machining

""" IUI Tool Machine flats
----- o8 Limit
[—]’ Slice area dearance A a

... Offset _|- Multiple cuts

% rall Ilshlng . | niurnber of cuts Stepdoyn

nsafe segment removal I— I—

=¥ at machining . =

ﬁ-—‘ High speed Final stepdowm

- Order

ey
I 1.0

-..J Approach

T Automatic verification e Tick Allow tool
i} Cutter compensation i

il )

----- \\.o Point distribution ¥ Allow tool outside fiat OUts'de flat
----- " Tool axis - Approach Allowance
.= Rapid move heights IF (tool diameter units)

[].-II] Leads and links

L

e Select Calculate to process the toolpath and then Cancel the form.

The Area Clearance now creates only the Flat areas.
At the moment the cutter profiles around the edge of the holes. If preferred the strategy can
be changed to Ignore Holes causing the tool to pass straight over them.

¢ Right mouse click on the Active toolpath and select Settings to re-open
the Slice Area Clearance form.
e Select make a Copy of the toolpath.

¢ In the Slice Area Clearance form, local explorer select Flat machining.
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- 'ﬁ= High speed Final stepdavin
~ Order l_
LY
- T approach —
... Automatic verification
ﬂ_ Cutter compensation
..... 2 Paint distribution e
-----  Tool axds r~Approach Allowance
j Rapid move heights i
I 0.05 ‘tool diameter units]
[]..IH] Leads and links : }
@ Start point
@i End point rFlat tolerance
----- ﬁr Feeds and speeds I 0.0
..... -/ Motes
o e Tick the box next to
o Ignore holes.
[20 | (tool diameter urnits)

The Threshold in TDU (tool diameter units) informs PowerMILL the maximum size of holes
to ignore. With the tool EM12 selected and the Threshold set to 2, PowerMILL will only
ignore holes that are less than Dia 24mm.

e Select Calculate to process the toolpath and then Cancel the form.

The cutter now passes across the top of the holes without lifting, producing a smoother
toolpath. Note that Ignore Holes refers to the slice definition at the top of the holes. The flat
base of any hole will still be machined.

If there is a large amount of material remaining on the top of the flat areas, then several
passes at different heights can be made to reduce the tool loading during the Area Clearance.

¢ Right mouse click on the Active toolpath and select Settings to re-open
the Slice Area Clearance form.
e Select make a Copy of the toolpath.

¢ In the Slice Area Clearance form, local explorer select Flat machining.
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- e Tick Multiple
@l m Toolpath name | 111 cuts with
----- G o Number o
B<{=5 Flat machining cuts as 3
""" % I‘m:: Machine Flaks
----- imii
[—]---‘ Slice area dearance Area = ° Set Stepdown
... Offset .
&l wall finishing Y mm?i i as 2.0
ﬁ Unsafe segment removal ored o
o [Apm— E [20 e Tick Final
.. TF High speed ¥ Final stepdown IC ina .
.3 order o stepdown with
- J approach ' the value 1.0
] 'ﬁ Automatic verification )

e Select Calculate to process the toolpath and then Cancel the form.

Note the ‘D’ shaped Flat area at the very
top level is not using Multiple Cuts as
the top of the Block is the overall Z limit
for the strategy.

Flat Tolerance

It should be noted that by default, the PowerMILL - 3D Area Clearance strategies will only
detect perfectly flat surfaces. Surfaces that are not quite flat dimensionally will not be
recognised unless the Flat Tolerance is set with a suitable value to allow for the deviation.
This option is found in the Flats page of the Slice Area Clearance form.

Note the Flat tolerance value entered
will be added to the existing nominal Z
height values.

|'F|at tolerance
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Further information on Model Clearance Machining

The following is reference information for the many different options contained in the Area
Clearance form. This can also be found by using Help.

Restrict Tool Overload — Trochoidal moves (PowerMILL Pro)
This option is available to Area Clearance strategies in which Style - Offset model is set.
The form for activating and inputting the Maximum overload value (%) is located on the

High speed options page.

v Trochoidal moves

Maximum overload

J' 10.0 Yo

/ I,' Marrow
{ |Channel

If the tool reaches a specified overload situation
PowerMILL automatically inputs a trochoidal path to
eliminate full width cuts. This will occur in corners,
narrow channels, slots, etc and the degree of movement
is controlled with the slider as a percentage value in the

form.
Sharp Corer
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4. Finishing Strategies

Introduction to Semi Finishing / Finishing Strategies

Finishing strategies machine the actual component form and where applicable, follow on
from the Area Clearance operation. 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 called Thickness and Tolerance.

Thickness is the amount of
extra material specified to
remain on the work-piece after
machining. This can be applied
generally (as shown), or
independently as separate
Radial and Axial values within
the machining options.

It is also possible to assign
additional Thickness values to  Thickness
groups of Surfaces on the
actual model.

Coarse Tolerance Fine Tolerance

Tolerance controls the accuracy to which the cutter path follows the shape of the work-piece.
For roughing a Coarse tolerance can be used but for finishing a Fine tolerance must be used.

Note where the Thickness value is greater than 0 it should always be greater than the
tolerance value
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Raster, Radial, Spiral, and Pattern Finishing.

Introduction.
This section will cover Finishing strategies created by the downward projection of a
Pattern, which include four types, Raster, Radial, Spiral and (user defined) Pattern.

PowerMILL generates the toolpaths by projecting a wireframe form down the Z-axis onto
the model. The standard patterns applied in Raster, Radial, and Spiral are achieved by
entering values directly into the Finishing Form. The resultant Pattern can be displayed by
selecting Preview before executing the command by selecting Calculate. The Pattern option
requires a user-defined geometric form (active Pattern), which is projected down Z onto the
model as a toolpath.

Typical previews of the four Pattern strategies are shown below as viewed down Z.

Raster Radial

Spiral Pattern (User Defined)

The most frequently used Raster finishing strategy will be used as an example in the next
section.
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Raster Finishing

¢ Delete All and Reset forms.
e From File select Open Project and browse the form, to select the
Project:- C:\users\train\PowerMILL_Data\Projects\Chamber_Start.

= [3) Projects
%5 | chamber_start This time the example starts from an existing Project.

e Select OK on the form that appears informing that the source Project is
read-only.

:gfl PowerMILL Warning:

Project 'chamber_start' is open read-only.
lb It is being edited by user 'dfb’ on computer 'DELCAM.COM/CROC",

It can be saved only under another name, using 'Save Project
As.)

L3

[ oc ]

The model and tool stored in the imported Project are displayed.

e From File select Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\chamber

e Calculate a Block to default Box - Model settings.
e Select the Toolpath Strategies icon ﬁ from the top toolbar.

" ™y
Uﬂ Strategy Selector M

| 2.50 Area Clearance | 30 Area Clearance | Blisks | Crilling | Favourites| Finishing Legac_',rl Ports

£ 3D Offset Finishing /¢ Projection Line Finishin EZ B Q
& Constant Z Finishing %Projection Plane Finishi

!JCorner Finishing “ Projection Point Finishi| — Preview
!JCorner Multi-pencil Finishing ¥ Projection Surface Finis

pCorner Pencil Finishing %Radial Finishing

S Disc Profile Finishing - Raster Finishing

\%Embedded Pattern Finishing (% Raster Flat Finishing

(2 Offset Flat Finishing @Rotary Finishing

£ Optimised Constant Z Finishing Spiral Finishing
Parametric Offset Finishing QSteep and Shallow Finis

@Pattern Finishing U)Surface Finishing

1k Profile Finishing ) Swarf Finishing

J3h Projection Curve Finishing q};Wireﬁame Profile Mach
4 T r
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e From the Strategy Selector select the Raster Finishing icon then OK.

r.::ﬂ Raster Finishing @I&r ) Name the
Toolpath name  Raster_basic t00|path
Raster_basic.
..... 12, Warkplane [Raster ﬁnishing 1
i Block
..... |;°| 'll_'.oo.lt Angle 0.0 e Enter the
----- o Limi
----- 5% Stock engagement Start corner  Lower left - TOIerance as
EIE Raste_rfinishing Perpendicular pass 0_02 and
- High speed Perpendicular pass [ H
Ty Automatic verification ThICkneSS as 0-
..... < Point distribution 24
""" I—: o Optimise parallel pass .
E‘: Rapid move heights ° Enter orderlng
@171 Leads and links .
‘o":' Start point Ordering - TWO Way.
- End point Style  Two way v
- Feeds and speeds
T T B The default tolerance
..... & User defined settings Tolerance of 0.1 will giVe a falrly
002 coarse surface finish.
Thickness For a finer finish a
00 lower value such as
N 0.02 is used. A
epover . .
thickness of 0 will
g 10 A : ,
machine the material to
size, within the
-.w [ Draw
tolerance.
e Select a tool
[Calculatel ’ Queue ] ’ QK ] ’ Cancel ] Stepover Of
{ Tmm.

e Calculate to process the toolpath and then Cancel the Form.

On closer inspection the toolpath contains sharp corners in along the vertical plane,
direction.

|

Selecting the High speed page Arc fit corners option in the form will arcfit these to a
maximum radius of 0.2 TDU.

:

4.4 Issue PMILL 2011



PowerMILL 2011 4. Finish Machining Strategies

¢ Right click over toolpath Raster_basic in the PowerMILL explorer and
select Settings from the available menu.

e Select the Copy Toolpath icon from the form. rn

¢ Rename the new toolpath as Raster_arcfit.

e From the local Raster Finishing, explorer, select the High speed options
page.

Toolpath name  Raster_basic
[High speed 1
8 Limit Arc fit corners
Stock engagement Radius (tool diameter units)
Raster finishing p 02
= High speed
T Automatic verification

Tick the box Arc Fit and edit the Arc Radius to the maximum value 0.2

The value 0.2 (TDU), multiplied by the tool diameter (12mm) produces a radius of 2.4mm.

e Press Calculate to process the toolpath and then Cancel.
e Zoom into the same area to view the arc fitted toopath..

W

3\

At the end of each tool track the cutter retracts to the Safe Z height. This is a waste of time
as these lifts are unnecessary. To make the toolpath a more efficient Link option can be
applied.

b
i
i

««:::::leﬁ ol
.
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]
e Select the Leads and Links icon ﬂ from the main toolbar.
e Select the Links tab on the form.

) Leads and Links |2 e

—= ——— e Set the Short/Long
|Z Heights | First Lead In | Lead In | Lead Out | Last Lead Out | Extensions | Links |_
Threshold to 2.0
Short/Long Threshold 2.0
Retract and Approach Moves Short If the distance from the end
Along  Tool Axis - Circular Arc - of a tool track is within
[7] Automatically Extend Long 2mm from the start of the
Maximum length  250.0 Skim - neXt, then the ShOI‘t llnks
Default option (Circular Arc) will
Retract Distance 0.0 Skim - apply

e Set the Short links to Circular Arc.
e Set the Long and Default links to Skim.
e Apply the Leads and Links and then Accept the form.

All unnecessary retract moves have been eliminated with a
circular arc move now forming the link between adjacent tool
tracks.

The next stage is to Simulate the latest, Active toolpath, Raster_arc fit.

= | @] ]

----- @ MC Programs

29 Tc-olp;hs To Simulate the toolpath,
-/ § BS Raster_basic right click over the toolpath
R > Raster_archit| icon in the explorer area,

—.4 Tool .
= ‘ml | Racies archt and select Simulate from
H- 7 ) =bni2

O Bourdares e e
----- 1 Patterns

. v Activate
(P Feature Sets Activate Workplane
..... 2 Warknlanes

When the Simulate from Start is selected the toolbar will appear at the top of the screen, and
the toolpath can be Simulated using the Play button.

| [Raster_arct v gl [ona2 v/ b0 Ib <44 pb KM S

When the simulation has finished it will be observed that the tool remains at the end of the
last retract move. To send the tool back to the Start Point either press the Home key on the
keyboard or select the Go to beginning button on the Simulation toolbar. I]q
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To simulate the cutting moves locally and in more detail, it is possible to attach the tool to
any position along the toolpath and use the Left/Right Arrow keys on the keyboard to make
the tool move backwards or forwards along the toolpath.

e Position the cursor at the required start point along the toolpath and right
click to open the Toolpath pull down menu.

Note; When the menu is accessed directly from the toolpath in the graphics area, the first
option is Simulate from Nearest Point instead of Simulate from Start.

e Select Simulate from Nearest Point.
Toolpaths : Raster_arcfit

Simulate from Mearest Point

v Activate
Activate Workplane

Settings...
Parameters...

e Use the Left and Right arrow keys (bottom right corner of keyboard) to
increment or move the tool forwards and backwards along the toolpath.

Pattern Finishing

This technique requires a user defined Pattern for projection onto the model as a toolpath.
This option can be used for applications such as scribe lines, lettering, and non-standard tool
strategies. A Pattern is created either from within PowerMILL or as imported Wireframe
data.

e Delete All and Reset forms.

¢ Import the Model:
C:\users\training\PowerMILL_Data\Models\swheel.dgk

The component is circular as a result of which the Block - Z Minimum and Z Maximum
will be developed as a Circular billet.
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e Select the Block icon from the main

Defined by  Cylinder - toolbar.

Coordinate System

Active Workplane - . .
e Select Defined by - Cylinder.
Limits
Min Max Length .
3 [ g —— — The.: default Radlus value represents the l?est
. = : : cylindrical fit around the component achieved
Y | -62.49993 6249999 1249999

when the Calculate button is clicked
Z -10

140
e Select Calculate.

Cylinder Parameters

Centre X 0.0
Centrey 0.0

e To provide more stock on the base
Modify the Min Z value to -1, Lock

Bl e { the value, and Accept.
Tolerance 01 Type Model - \ :
Include reference surfaces. [ Z I_l":I [%
Expansion 0.0
Draw [¥] Opacity {1
[ Accept ] [ Cancel ]

e The Block can be displayed as wireframe or variable Opacity up to solid,
depending on the position of the slider switch. g

Before the Pattern finishing strategy is created, a preliminary Area Clear strategy is
required to remove the bulk of the material, leaving 0.5mm, followed by a Semi Finishing
strategy leaving 0.2mm prior to the final Finishing.

e Define a tool of Diameter 10 and Tip Radius 1, Named D10T1 with Tool
Number 1.

e Define a Diameter 6 Ball Nose tool Named BN6 with Tool Number 2.

e Activate the D10T1 Tip Radius tool.

=

¢ Inthe Rapid Move Heights — select Calculate.
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e Calculate a Model Area Clearance toolpath using the following
parameters:- Style - Offset all, Name - RoughOp1, Tolerance 0.1,
Thickness 0.5, Stepover 5.0, Stepdown 1.0, and Cut Direction Climb.

e Simulate the toolpath in Viewmill to
give a result similar to as shown left.

¢ Return the Viewmill display to No

Image.li

e Activate the BN6 Ball Nose tool.

e Calculate a Spiral Finishing toolpath using the following parameters:
Name - SemiFinishOp1, Centre Point X 0 Y 0, Radius - Start 62.0, End
0.0, Tolerance 0.1, Thickness 0.2, Stepover 1.0, and Direction -

Clockwise.

e Simulate this new toolpath in ViewMILL.

¢ Return the Viewmill display to No

Image.li

¢ Right click over the SemiFinishOP1 toolpath in the explorer and select

Settings.

¢ In the Spiral Finishing form select the Copy icon.

e Enter a new Name - FinishOP1, Use Tolerance 0.01, Thickness 0.0,
Stepover 0.3 and then Calculate and Close the form.

e Simulate the final toolpath in Viewmill to display the effects of the final
toolpath.

A Pattern finishing strategy will be now applied
to machine the text, Engraved into the
component.

¢ Return the Viewmill display to No

Image.|i
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Next a pre-defined Pattern will be imported for use with the strategy.

¢ Right click the Pattern icon in the explorer and select Toolbar....

dew When Toolbar is selected off the Pattern menu it loads a new

il rOgrams . . .
@?gjpfms toolbar into PowerMILL. The toolbar contains icons to create an

T Tm:'su p10T1 empty Pattern and insert different types of wireframe entities.
™ The toolbar can be removed from the screen by clicking the small x

{2 Boundaries
B Patterns :
¥ o — on the right.
& workple
£ Levels
@ Modsls
& sock v

Create Pattern

SF Groups
=8 Macrog,. Pattern Names 3

g?:;ti;ite |ﬁ i b j @E O’@ @E&mﬁ QQ//S@ X
Undraw All
Edit 4

Create Folder

Delete Al

e Select the Create pattern icon |3f:3 .
=

e (Click on the Insert - File into the Active Pattern icon

& Open Patiem =] o Select the examples
B | Lo b reers Q3 mr 1+— shortcut button.
' Name ‘ 3te modified Type
e poyx0ien . bden || o Double click the Patterns
4 ngravel.dgk 01/12/2006 16:32 Delcan
L | [startHolepic 24/08/200911551  PIC Fill folder and then select
3 || trochoidal_pattern.pic 26/11/2001 10:12 PIC Fils Eng rave.dgk
3 | G - » ||  Select Open.
) File name: Engrave dak -
Files of type: | Deloam Wireframe (" dak."dd” ddz."psmodelde v| [ Cancel |

The Pattern is made up of 2D
geometry and is positioned at the
bottom of the Block. This will be
projected along Z through the 3D
model form to create a single
toolpath with a negative
Thickness value.
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e Define a Ball Nose tool with Diameter 1 called BN1 and make this Tool
Number 3.
e Create a Pattern Finishing toolpath.

il ot Py S Enter the Name -
Toolpath name  EngraveOP1 Engrave0p1 .
% ;‘:zztp'a”e [Pa’rtern finishing 1
IZIE;«' = DDUt”lpth e Select Pattern 1 (if
" _ not already selected).
-5 Multiple cuts li ']
..... S it * With Base position
i; ;:;:da)::mmgms Base position  Automatic - set to either
IR e 00 Automatic or
:; ?:f;ﬁ;”: Souge svcdsnce Vgrticgl, the Pattern
G- Feeds and speeds Gouge check will project down Z
2 Eso:zeﬁned cettings Tolerance Ordering onto the model.
0.02 Pattern A
Tedies e Enter a Tolerance
0 0.02 and Thickness

-0.4

Maximurmn stepdown

10

o

ﬁﬁ

e Select Calculate the toolpath then Cancel the form.

[ Calculste | [ Queve | [ 0K | [ Cancel |

By entering a negative Thickness
the tool will machine into the
previously finished surface. This is
frequently used for engraving.
Note: It is not possible to use a —ve
thickness value that is greater than
the Tool Tip Radius. There is
however a way to achieve this if
the user has a PowerMILL PRO
license (Chapter 11 Patterns, page
20 - Deep Pattern Machining).
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e Simulate the path in Viewmill.

e Save Project as:-
C:\users\training\COURSEWORK\PowerMILL-Projects\PatternMachining

Pattern Exercise

The same imported Pattern will be used to engrave text into a telephone handset.

The Pattern, ‘Engrave’ used earlier will be out of position, but can be moved using the
options on the Pattern - right click menu.

Right Click Models on the Explorer and Select Delete All.

Use File - Examples and load the model phone.dgk.

Deactivate Toolpath EngraveOp1.

Reset the Block, Rapid Move Heights and the Tool Start Point.
Generate a Pattern Finishing toolpath leaving all values as before.
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3D Offset and Constant Z Finishing

In this chapter 3D Offset and Constant Z finishing strategies will be applied to a model that
consists of a combination of flat and steep areas plus a pocket with vertical walls. A
Boundary will be created and used to limit the 3D Offset toolpath to the flatter areas leaving
the remaining steep areas to be machined using the Constant Z strategy.

3D Offset Finishing

3D Offset Machining defines the tool Stepover relative to the 3D model surface providing
consistency over both flat areas and steep sidewalls. In this exercise applying this toolpath to
the complete model without using Boundaries would not be recommended. Although this
toolpath maintains a constant Stepover there is nothing to prevent the tool plunging with a
full width cut into the deep pocket area.

e Delete All and Reset forms.

e From File - Open Project and in the form browse to:-
C:\users\training\PowerMILL_Data\Projects\Camera_Start

&% PowerMILL Warning: x|

Project 'CameraStart_Pro' is open read-only, The PrOjeCt is Locked and cannot be
l 4 Itis being edited by user 'dfb’ on computer 'DELCAM.COM/CROC', . .
modified unless saved as a new file (or
IAtscan be saved only under another name, using 'Save Project the Original PrOjeCt’S LOCk flle iS
deleted).

e Select OK to load the existing Project into PowerMILL.

e From File — Save Project As:-
C:\users\training\COURSEWORK\PowerMILL_Projects\Camera_Example

The Project already
contains an Offset Area
Clearance strategy along
with any associated
Settings.

This model is a good example where it is a better option to use more than one finishing
strategy. 3D Offset (for shallow areas) and Constant Z (for Steep areas) will be used and
they will be they will be kept separate using a Boundary.
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e Activate the existing Model Area Clearance, Toolpath and Simulate the
toolpath in Viewmill.

The Viewmill simulation is
as shown left.

¢ Define a Ball Nose tool with Diameter 10 called BN10.

Use of Shallow Boundary to define specific Machining Areas

o ]coundarics ‘ Specific Finishing strategies are more
1.0 Patter Boundaries effective on either Steep or Shallow
P Featur parts of the 3D component model. For
-, Workp Toolbar... example, Constant Z finishing is most
547 Levels Creste Bound R lock effective on steep sidewalls while
4§ Models B . Raster Finishing is most effective on
&b Stock | Paste as new Boundary Rest shallow areas.
. 7 Groups Boundary Names 3 Selected Surface A Shallow Boundary will be created
+- & Macros Folder Mames b Shallow to discriminate the areas most suited to

e Silhauette the indiv'idual machining strat_egies

e . used. This type of Boundary is
. Collision Safe ..
Invalidate Al calculated taking into account the

Stock Model Rest

Deactivate Contart Point

Active tool.

There are several other types of Boundary options available to suit various applications and
these are covered later in Chapter 6.

e With the BN10 tool Active, right click on the Boundaries icon in the
explorer and select Create Boundary -> Shallow.

A Shallow Boundary defines segments from areas on the model that are defined by an
Upper and Lower threshold angle. It is therefore specifically suited to steep walled and
shallow surface machining techniques.

With Radial Thickness set to 0.5 the stock thickness left on the sidewalls from the roughing
will not be machined at this stage.

4.14 Issue PMILL 2011



PowerMILL 2011 4. Finish Machining Strategies

rﬂ Shallow Boundary l ? ih1 ° |nput the Name -
J__)J Name ShallowBN10 ShallowBN10.
Upper Angle 300 DLimitBDundar}r ° |nput Upper Angle
@) Inside
Lower Angle 0.0 Outside 30 and Lower
Tolerances ) AngleO
Tolerance 0.02 [ Automatic Collisicn Checking
Thickness 0.0 il e InputTolerance 0.02.
0.0 0.0
Use Axial Thickness[|  Block e InputThickness 0
flan] Limit ¢
Y - e Ensure the correct

tool BN10 is Active.

[ Apply l’ Queue l’ Accept l’ Cancel

e Apply and Accept the form.

With the model and toolpaths undrawn the Boundary should look something like this. It is
made up of numerous segments each one dividing the model into steep and shallow areas.
Any of which can be selected and individually deleted at any time except when Locked due
being assigned to a toolpath.
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PowerMILL 2011

3
e Select the Toolpath Strategies icon from the top of the screen. $
e Select a 3D Offset Finishing strategy from the form then OK.

{5 3D Offset Finishing

D e |

Toolpath name  BMN10-3Doffset

..... k Workplane

- Block

..... |_| Toel

..... ol Limit

..... 3% Stock engagement

-4 3D offset finishing
& Automatic verification

----- <= Point distribution

..... 1# Tool axis

=¥ Rapid move heights

-1 ¥ Leads and links

-l Start point

- End point

- Feeds and speeds

..... Motes

..... & User defined settings

[SD offset finishing

Pattern

[

o) (1]

[7] 5piral
[7] Smoothing

[T Maximum offsets

Start on pattern [

10
Tolerance Cut direction
0.02 Climb -
Thickness
Stepover
10 A
[Calculate] ’ Queue ] [ QK ] ’ Cancel ]

h

e Enter the
Name Bn10-
3DOffset

e Select
Direction to
Climb.

e Entera
Tolerance
0.02.

e Entera
Thickness 0.

e Enter
Stepover1.0

Notice that the newly created, Active Boundary is automatically selected for use. If a
different Boundary is required it can be selected from the pull down menu.

¢ In the local 3D offset finishing form explorer, select the Limit page.

----- 12, Workplane
il Block

=-£3 3D offset finishing
----- < Point distribution
----- 1 Tool axis

= Rapid move heights
-1 Leads and links
-l Start point

@ End point

o B Camde mmdd mmmmnl -

...... Ty Automatic verification

[Limit

1

Block

Boundary

&~

ShallowBMN10

-] (&

Trimming

Keep inside

-

{av

e Input the Boundary ShallowBN10 and Calculate to process the toolpath.

e (Cancel the form.
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The toolpath follws the contours
of the Boundary segments and
is produced only on the shallow
areas of the model (Inside the
Boundary).

e Select the Leads and Links icon from the top of the screen.

e Select the Links tab and change the Short Links to On Surface, the Long
and Default Links to Skim.

e Apply and Accept the form.

The toolpath has now is now
more efficient with the rapid
moves at skim height and the
short links being forced onto
the surface.

e Simulate the 3D Offset toolpath in Viewmill.

Constant Z machining
Constant Z machining projects each tool track horizontally onto the component at fixed
heights defined by the Stepdown.

STEPOVER
m STEPOVER
=
=
[y i
(]
(e &
=
(2]
1 As the component surface becomes
shallow the actual tool step over increases
———— until it becomes non-existent on flat areas.
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e Select the Toolpath Strategies icon from the main toolbar.
e Select a Constant Z Finishing strategy from the form then OK.

{7 Constant Z Finishing liléj
Toolpath name  BN10-ConstantZ L4 Enter a Name as
— ConstantZ_BN10.
% :”’t"'a”e [Constant Z finishing 1 -
oc
| Tool Order by Additional stack
ol Limit =
- 05 ]
.3 Stock engagement Region ° I t T I
B8 Cortan 2 fishing | hput folerance
T+ High speed [T] Spiral [ Undercut 0 02
- Unsafe segment removal [E] Machine d to flat )
.- Automatic verification Fehine down fo izt
% Point distribution 00
-1 Tool axis
.= Rapid move heights :
[J--;'" Dl Tolerance Cut direction . .
" o St ot 002 Climb . e Set the Direction to
5 T H
@l End point Thickness Cllmb
(-5 Feeds and speeds
MNotes 0.0 =y
&y User defined settings
Stepdown
Minimum stepdown 10
Calculate using cusp [ [} Input Stepdown 1
50
01
[Calculate] ’ Queue ] ’ OK ] ’ Cancel ]

¢ In the local Constant Z finishing form explorer, select the Limit page.

----- k Waorkplane oo
@ Block [lelt 1

..... Q;a Limit Boundary

----- 3¢ Stock engagement = -
E—]Q Constant Z finishing \E“L M ’ShallowBNlt] ']

-.Tl7 High speed Trimming ® Set Trimming to
H ﬂ Unsafe segment remaval Keep outside . Keep OUtSide

...... Ty Automatic verification
----- < Point distribution

----- I_: Tool axis Block

E"f Rapid move heights Limit ﬂ A
177 Leads and links

e Select Calculate to process the toolpath and then Cancel the form.
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By using the Boundary Trimming option Keep Outside, the toolpath is correctly limited to
the steep areas of the model.

If the Boundary had not been used the
toolpath would have looked like this.

It can be seen that the parts of the toolpath on
the shallow areas have an excessive
Stepover.

e Select the Leads and Links ':I"
icon at the top of the screen.

e Select the Lead In tab and change the 1% Choice to Horizontal Arc Left,
Angle 90.0 and Radius 2.0.

e Click the button Copy to Lead Out.

- »
ﬂ Leads and Links M

|ZHe|ghts | First Lead In | Lead In | Lead Out | Last Lead Out | Extensions | Links |_

Short/Long Threshold 100

Retract and Approach Moves Short
. e o v ¢ Select the Links tab and change
utomatica y en on
i tngts (5051 || [0 . the Short, Long, and Default to
Default Skim
Retract Distance 0.0 Skim -

Approach Distance 0.0

[] Arc Fit Rapid Moves
Are Radius (TOLY | 0.25

Gouge Check

M — e Apply and Accept the form.

The tool now leads in and out of the toolpath with a horizontal arc.
If the tool lifts it will only lift by the skim distance taken from the
first page of the Leads and Links form (Z Heights tab).

The Rapid moves at skim height are purple in colour while the
plunge moves are light blue.
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e Simulate the toolpath in Viewmill.

e Save the Project (C:\users\training\ COURSEWORK\PowerMILL-
Projects\camera) but do not Close.

Other Constant Z Options

Corner Correction to control whether changes of toolpath direction are High Speed - Arc
fitted, Sharpened or unchanged (None).

The Order By - Region (default) option will make Constant Z machine local features, such
as pockets completely from top to bottom. The Order By - Level option will make Constant
Z fully machine the model at each stepdown height.

The Undercut option can be selected (if a spherical or disc cutter is used) to enable the
machining of otherwise inaccessible areas.

The Spiral option will make the Constant Z strategy produce continuous spiral tool tracks
wherever possible (closed contours).

The Machine down to flats option will ensure that the final pass at the base of a wall is
exactly level with a flat area of the model (if applicable).
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Post Processing and NC Programs.

At this stage we will post process a single toolpath from the explorer as an NC Program.

tb' l.l of I All of the toolpaths that have been created in this chapter
@ NC Programs should appear in the explorer like this.
-+ Toolpaths This example will illustrate with the output of one single

v § @ toolpath — Rough Opl to be output as a post-processed
&V § £ 300ffset BN ncdata file.
&+ § B8 Constantz_BN10

¢ Right click over toolpath Rough Op1 in the explorer.

@ MC Programs
Ep@ Toolpaths

3V 0@
...J & Bn10-30c.  RoughOpl
vy Bn10-Cor
H‘. ' a Simulate from Start
=4 Tools
B g | | > p25T: v Activate
|1 BN1D Activate Workplane
=
[_]C,) Boundaries Settings...
G- § d Shallowsh
-4 Patterns s
L—’P Feature Sets Recreate Block
- Workplanes Select Surfaces
£ Levels and Sets
Q View Picked Z Height
[ﬂ..- Models D
-4 Stock Models e .
. Drawing Options L
L Groups Colour r
-2 Macros
Rename
Save as Template ivi
e Select the Create Individual NC
Add to 4

Programs option.

=8 e Programs An NC Program is created called Rough Op1 and contains the
= -, B Royghopl  toolpath.

¢ Right click over the NC Program and select Settings.
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PowerMILL 2011

P
c:lﬁ NC Program : RoughOpl

L2 wessl] The path to where the

Mame RoughOpl

Qutput File Chtemp\MNCPrograms\{ncprogram}

Machine Option File  C\dcam\confighductpost\heidd00.opt

Output Workplane : Part Name RoughOpl

selected.

program will be output.

Before post processing can
occur the required option
file (*.opt) must be

Program Number 0 Tool Value Tip v
On Simultaneous
e Select the folder
Toolpath Mumber Diameter Tip  Jauge Overhang Tolerance Thickness Tool ID . h
RoughOpl 4 25 3 125 01 05 D25T3 Icon to open up t €
Select Machine
Option Filename
] I ; form
EE&;J Tool Change On New Tool - Tool Numbering  As Specified v
Tool Change Position  After Connection
T?rolplath ::2 Select Machine Option Filename / LX)
o0
Tool Number 4 Gauge Length 1250
/ Look in: , ductpost - @ ¥ > -
Cutter Compensation QI N D dified Tur
Length Off = |0 Radius | | —— ame el I
~ |Z| haas.opt 19/02/2002 09:09 op
: { |Z ] heid.opt 23/10/1998 14:25 Oop
17/12/2010 09:46 oF
Drilling Cycle Qutput On  « d || heid426.0pt 24/10/2000 13:47 OP'—I
']*Ilel |= | Heid530.0pt 13/07/2004 13:24 op
= heidiso.opt 23/10/1998 14:25 op
. Pl huiren ant 72/10/1008 14.75 no T
2 4| 1 +
Flename:  heidd0D.opt -
[ Write ] [ Apply ] [ Accept ] E
Files of type: | Machine Option files (*.opt;* pmopt;“pmoptz) v] [ Cancel ]

e Select the Heid400.0opt and then Open.
e Select Write at the bottom of the NC Program form.
[ J

Close down the subsequent form, which confirms the output using x|

The contents of the output, NC Program can be viewed by double clicking on it in the
Windows C:\ Temp\NCPrograms folder and view it in WordPad.

B ROUGHO~1.TAP - WordPad

File Edit Wiew Insert Format Help

=0] x|

sEEENE S

BEGIN PGHM 1 HMH

TOCOL DEF 1 L+0,000 R+0,000
TOOL CALL 1 Z 31500,000

L Z+42,000 RO F9959

L %-49,806 Y+32,803 F9595 HMO3
L E+437,000 MOS

9 L Z+31,172 F500 MSO

10 L X-49,151

11 CC X-49,181 T+32,732

1z C X-44,181 Y+37,732 DR-
13 CC XE-4Z,110 T+39,803

14 C X-39,181 T+39,803 DR+
15 L ¥+109,503

16 CC X-346,651 T+109,803

M-l m e O

2
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Corner Finishing.

Introduction.

Corner Finishing strategies are used to remove material in corners that are inaccessible to
previously used, larger tools. There are 3 different types of strategy: Pencil, Stitch Corner,
and Along Corner. The Pencil strategy creates 'single pass' machining along sharp internal
corners while the other two perform local machining of the entire area of material
inaccessible by a larger tool (Rest Milling).

All Corner Finishing strategies allow a Threshold Angle to be specified. The Threshold
Angle - determines the angle, from the horizontal, at which steep and shallow portions are
split when you select a type of Steep or Shallow. This provides the user with the ability to
prevent the tool running up or down steep slopes using editing techniques. For instance the
user could easily apply a Stitch strategy to track across the steep areas while using the Along
strategy in shallow areas.

HORIZONTAL PLANE

Corner Pencil Finishing
This option produces single pass tool tracks along the intersection between sharp internal
corners of the component surface.

e From the File pull down menu select Delete All and from the Tools pull
down menu select Reset forms.

e From File - Open Project and in the form browse to:-
C:\users\training\PowerMILL_Data\Projects\CornerFinish_Start

e Select OK to load the existing Project into PowerMILL.

I
j, e Camarnen sert s pen ooy The Project is Locked and cannot be
kIt i ite 'dft’ ter 'DELCAM.COM/CROC, L .
fEheing Ecied Ry usr b an camputer I modified unless saved as a new file (or the
1t can be saved only under another name, using 'Save Project .. . . .
as... original Project’s Lock file is deleted).

e From File — Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\CornerFinish
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L
e Select an Iso2 view. | @J® @ El_?jd
W &l
Activate the toolpath D16T2-rghA1 to restore the settings.
e From the PowerMILL explorer, Activate the Bn10 tool.
¢ Open the Toolpath Strategies formﬁand from Finishing select
Corner Pencil.
e Input Name as Pencil_Shallow.
e Select Output - Shallow and Tolerance 0.02
f {44 Corner Pencil Finishing &Iﬂ—hr
Toolpath name  Pencil_Shallow
% ;‘I'zztp'a”e [Corner pencil finishing 1
""" U I_Do_lt Output Threshold angle
;’ S:::ﬂclk engagement Shallow T =00
—]p Corner pencil finishing et [t
.- T Automatic verification
& Point distribution L
; ;:::;:‘:we . Tolerance Cut direction
- ; Leads and links L STl T
- Start point Thickness
.l End poin Fro
];J— Feedian; speeds ol
----- Motes
----- & User defined settings
[Calculate] [ Queue ] [ QK ] [ Cancel ]

¢ In the Corner Pencil Finishing — explorer, select Tool and check that
BN10 is selected as the active cutter.

[Tool |

B - [BNm v]

Calculate holder profile [7]

...... 3% Stock engagement

Bp Corner pencil finishing

N~ S .

e Select Calculate to generate the Shallow slope machining only.
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The toolpath is produced. The steep area is not machined.

e Simulate the toolpath.
Right click over the toolpath in the explorer and select Settings.

Select the Copy toolpath icon from the form.

Change the Output option from Shallow to Steep.
Calculate the pencil machining toolpath (in the Steep areas only).

- -
#
r

Only the steep area is machined.

e Simulate the toolpath. Rename the toolpath as Pencil_Steep.
¢ Inthe main toolbar select File - Save Project.

The contents of the Project will be updated:-
C:\users\training\COURSEWORK\PowerMILL-Projects\CornerFinish
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Corner Alonq Finishing

All the Corner Finishing
strategies, (except for Pencil) are
based on machining the area
between the Reference tool (2) and
the Active tool (1).

=3

50 ref toogl

230

In this example the main finishing N
tool is a 12 Ball nose (reference) to 1 v
be Corner finished with a diameter

5 Ball-nose.

e Define a dia 5 ball nose tool named BN5.
"

e Open the Toolpath strategies form and from Finishing select
Corner Finishing.

e |nput Name as CornerAlong_Shallow.
rgj Caorner Finishing ? ﬂh-‘

Toolpath name  Cornerfilong_Shallow

..... 1 ishi

12, Workplane Corner finishing 1
il Block
..... I Tool Output Strategy
8 Limit

o Limi Shallow - Along -
..... :5-’/ Stock engagement
=& Cornerfinishing Threshold angle Cusp

' Corner detection 300 0.03

T Automatic verification
----- < Point distribution

a i Maximum passes
----- 1 Tool axis

.= Rapid move heights e

4171 Leads and links

\DU Start paint Tolerance Cut direction

@l End point 0.02 Climb -
& Feeds and speeds

P i Motes . Thickness

b & User defined settings D 00 u@r

e Change Outputto Shallow and Strategy to Along.
e Set Cusp to 0.03.
e Set Cut direction to Climb.

- ~
14 Corner Finishing &Iﬂ—hj
Toolpath name  Cornerflong_Shallow

12, Workplane [TUO' 1

§ Limit %J'EE[W5 ']EI

.3 Stock engagement

Bp Corner finishing Calculate holder profile []

N - -

e Check that the BN5 tool is set (as above) on the Tool page.
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dj Corner Finishing

Toolpath name  Cornerflong_Shallow

12, Workplane
g Block

-] Tool
¥ Limit
..... 8% Stock engagement
: 8 Cornerfinishing

@ Corner detection
HE =l

¢ Select the Corner detection page and input the Reference tool as BN10.
e Calculate to process the toolpath and then Cancel the form.

[Corner detection 1

Reference tool

Y - [Bnuzo -

F Simulate the toolpath and observe
the order of the machining .

il

The Toolpath will be further improved by applying more suitable Leads and Links.

'I ]
¢ Open the Leads and Links form E‘J 'and Set all the Links to Skim.

ﬂ Leads and Links x|

7 Heights I FirstLead In LeadIn | Lead Outl Last Lead Outl Extensions | Links I

2nd Choice INone 'I [ ]

Select the Lead In tab.

1st Choice |[Egl=F-l

Distance | 0.0 Distance | 0.0
= N Select Vertical Arc and fill in
Radius |40— Radius IT

0.0 Overlap Distance {TDU)
¥ Allow start points to be moved

¥ Add leads to short links

Ramp Options, .. |

’47 Add leads at tool axis discontinuities

Angular Threshald I 90.0

¥ Gouge Chedk

Copy to Lead Out | Copy from Lead Out |

Apply Lead Ins

ADWI

Accept |

Cancel |

Apply and Accept.

Issue PMILL 2011
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R . The Vertical Arc lead provides a

9 : smoother transition onto the work piece
with the tool already moving at the
specified cutting feed rate.

3
TELEcrsedd

Corner Stitch Finishing

¢ From the Finishing strategies form, select Corner Finishing.
e Input Name as CornerAlong_Steep.

7 Corner Finishing [ 2 &_J
Toelpath name  CornerStitch_Steep
..... 1 ishi
47, Workplane [Corner finishing }
il Block
..... || Toel Output Strategy
..... o Limit ;
St - Stitch -
----- 3 Stock engagement =P .
[-j--@ Corner finishing Threshald angle Cusp

-gg® Corner detection

300 0.03

------ T Autematic verification

----- < Point distribution i s

----- 1# Tool axis

.= Rapid move heights e
-1 T Leads and links
'OL-‘I Start point Tolerance Cut direction
gl End point 0.02 Climb -
e T l:eeds and speeds Thickness
..... otes =
----- & User defined settings 00

Change Output to Steep and Strategy to Stitch.

Check that the BN5 tool is set on the Tool page.

Check that the Reference tool is BN10 on the Corner detection page.
Calculate to process the toolpath and then Cancel the form.

E This time only the steep areas have been machined.

If required, it is possible to change the Direction and/or
order of individual tool tracks via the Toolpath - Edit
options.
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Right click on the toolpath and select Edit > Reorder.

" Toolpath Listing

[ )
=
PN
v
e
X
%
/ P}
o Select Alternate directions. %

& Leads and Links

E

|Z Heights | First Lead In | Lead In | Lead Out | Last Lead Out | Extensions | Links |_

Short/Long Threshold 3.0

Retract and Approach Moves Short
Along  Tool Axis - Circular Arc -
[] Automatically Extend Long
250.0 Skim -
Default
Retract Distance 0.0 Skim -

Approach Distance 0.0

[T] Arc Fit Rapid Moves
0.25

[¥] Gouge Check

Apply Links

[ Apply ] [ Accept ] [ Cancel ]

J

L n e B n ) T N TS

=
mo= O

J

Apply the Leads and Links form.

"fé’/,;/ Project.
£

start paint

85,53, 23.41, -14.22
57.86, 25.27, -14.99
£89.13, 25,15, -15.76
90.36, 25.04, -16.54
91.52, 24,94, -17.31
02,64, 24,80, -18.08
93,73, 24,78, -18.85
94,75, 24.71, -19.62
95,75, 24.66, -20.40
96.72, 24.61, -21.17
9764, 24,57, -21.94
038,593, 24.53, -22.71
99.40, 24,51, -23.49

1AM IS A AN A TS

=nd paint

90,49, 22.67, -14.22
91,70, 22,57, -14.99
92,86, 22.47, -15.76
93.96, 22,39, -16.54
05.03, 22.32, -17.21
96,07, 22,25, -18.08
97.06, 22.20, -18.85
98.02, 22,15, -19.62
98,94, 22,11, -20.40
99,84, 22,08, -21.17
100,70, 22.06, -21.94
101,55, 22.04, -22.71
101.68, 22.04, -22.82

R RN L W e E I L =]

?X]

_ength
6.15
6.02
5.91
5.78
5.68
5.60
5,49
5.43
5.33
5.28
522
5,16
4.82

A Al

In the Leads and Links form
set Short Links to Circular

Arc.

: The steep areas now running two

d this time the

Short links are defined as a Circular Arec.

In the main toolbar select File - Save

The contents of the Project will be updated:-

C:\users\training\COURSEWORK\Projects\CornerFinish
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Exercise

Create Finish Machining for an existing Rough Machined Project
e Delete All and Reset forms.

e From File — Open Project and in the form browse to:-
C:\users\training\PowerMILL_Data\Projects\ChainsawBodyDie_Start

The Project is Locked and cannot be modified unless saved as a new file (or the original
Project’s Lock file is deleted).

e Select OK to load the existing Project into PowerMILL.

¢ From File - Save Project As:-
C:\users\training\COURSEWORK\PowerMILL_Projects\ChainSawDie-Ex

Activate one of the existing toolpaths to reinstate the original settings.

Activate the existing Ball Nose tool - BN12

Create a Shallow Boundary with Thickness 0.

Create a Constant Z finishing strategy named BN12fin-CZ-OP1 limited to

the steep areas of the model.

e Create a 3D Offset finishing strategy named BN12fin-3DOff-OP1 limited
to the shallow areas of the model.

e Activate the existing Ball Nose tool - BN6

e Create a Corner Finishing - Along strategy, named BN6fin-CnrAlong-
OP1, referenced to the larger BN12 tool.

e Perform a full ViewMILL simulation.

e Save the Project to update all the stored toolpaths.
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[lustrations of typical Finishing Strategy solutions and corresponding ViewMILL solutions
are as shown below.

EI"%\" Toolpaths
B-v) g & D25T3-0P1
B-v) g & D12T1-0P1
B-v) g & 5N 12fin-CZ-OP1
...,,x g © BN12fin-300ff-OP1
w-v| § P > Bu6fin-Caralong-0P1
=47 Tools
m- ¢ L) pasrs
B [J p1zm1
; I_I BM1Z
- I_I = BNG
=2 Boundaries
T §
F Dattarme

BN12fin-CZ-OP1

BN12fin-3DOff-OP1

BN6fin-CnrAlong-OP1
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BN12fin-CZ-OP1

BN12fin-3DOff-OP1

BNo6fin-CnrAlong-OP1
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PRO - Finishing Strategies

Further Corner Finishing strategies

In PowerMILL Pro two further Corner Finishing strategies are available. These include:-
Corner MultiPencil (offsets tooltracks outwards from the Pencil intersection) and Corner
Automatic (a combination of Stitch and Along). The option Output - Both also appears in
all five of the Corner Finishing strategies. This creates separate groups of toolpath segments
on both sides of the Threshold Angle.

¢ Delete All and Reset forms.
e From File - Open Project select the read-only Project:-
C:\users\training\PowerMILL_Data\Projects\CornerFinishPro_Start

&% PowerMILL Warning: x|

. Project 'CornerFinishPro_Start is open read-only.
Itis being edited by user 'dfb' on computer 'DELCAM.COM/CROC".

It can be saved only under another name, using 'Save Project
As..)

e Select OK in the PowerMILL Warning form.

e Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\CornerFinishPro_Example
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Corner MultiPencil Finishing

PowerMILL 2011

e From the Toolpath strategies form, select Corner Multi-pencil Finishing

d& Corner Multi-Pencil Finishing @I—Jﬂh
Toolpath name  Corner-MultiPencil
""" 12, Workplane [Corner multi-pencil finishing 1
- Block
_____ U Tool Output e Change Output
""" @ Limit Shallow
----- 3¢ Stock engagement to Sha"ow'
[—]!J Corner multi-pencil finishing Threshold angle Cusp
g% Comer detection 300 0.03
... Ty Automatic verification
----- 2 Point distribution [C] separate regions
_____ D Toot s e Input the rest of
.= Rapid move heights [Maximurn passes the Settings In
@171 Leads and links 10
0‘,“ Start point 3 the pages Of
- End point
&¢ Endpoin Tolerance Cut direction the form exaCtly
[+ Feeds and speeds -
..... Notes 002 Climb M as shown.
----- 2. User defined settings
Thickness
7 Corner Multi-Pencil Finishing &Iéj
Toolpath name  Corner-MultiPencil
12, Workplane [TDD' 1
i Block
J
& Limit 2R EE - BNS tool Active
tock engagement _
Stock engag
- Corner multi-pencil finishing Caleulate holder profile []
3"2 Carner Multi-Pencil Finishing @Iéj
Toolpath name  Corner-MultiPencil
[Corner detection 1
Reference tool
3¢ Stock engagement ¥l - ’BNlU ']
B Corner multi-pencil finishing U Reference tool BN10
PN Comne dtection
Wy Automatic verification [C] Use toolpath reference

e Select Calculate but do not close the form.
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MultiPencil appears to be very
similar to the Corner Along
strategy. There however
fundamental differences one being
the toolpath segments in Corner
Along are offset from the outer
profile inwards, whereas in
MultiPencil the toolpath segments
are offset outwards from the true
intersection.

tH

e Select the Copy Toolpath icon from the form.

A Y
34 Comer Multi-Pencil Finishing m
] Toolpath name  Corner-MultiPencil_AS0
14 :mtp'a”e [Corner multi-pencil finishing }
oc

Output
: Lirnit
Shall -
--3F Stock engagement e
BF Corner multi-pencil finishing Threshold angle Cusp
. i-g* Corner detection 90.0 003

. Automatic verification

e Change the Threshold Angle to 90.

This has the effect of creating an unlimited Shallow machining area for the toolpath. No
toolpath will be created if Qutput - Steep is selected with a Threshold Angle of 90.

e Calculate the form to process the toolpath and then Cancel.
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Corner Automatic Finishing

e From the Toolpath strategies form, select Corner Finishing and input
data into the form exactly as shown below.

o Y
ﬁ Carner Finishing @Iﬂ

s Toolpath name  Corner-Automatic d LjAse Stra tegy
-Automatic
% :‘lrzip'a”e [Corner finishing 1
""" U Tool Output Strategy L4 Change
----- Limit .
----- ;i Steck engagement Both T Automatic M OUtPUt to
E‘JF Threshold angle Cusp BOth

i Comer detection

..... Ty Automatic verification 00 .
..... i: -T—Z:}tai::tribution Maximum passes ° Change the
E,"" Rapid move heights Maxirnurn nurnber of passes |10 ThreShOId
. angle back to
@ End point 0.02 Climb - 30
[ Feeds and speeds Thickness

..... | Motes

----- & User defined settings 0.0

e Calculate the form to process the toolpath and then Cancel.
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Deep Cut Prevention

In cases were the Reference Tool is too large to machine all the way down a deep pocket the
excessive stock remaining could cause a smaller Corner Finishing Tool to overload and
break. A tick box option is available in the Corner Finishing strategies (Except Corner
Pencil) to Remove Deep Cuts. The user would then locally apply a more suitable strategy
such as Constant Z Finishing into the deep areas.

e Delete All and Reset forms.

e From File - Open Project select the read-only Project :-
C:\users\training\PowerMILL_Data\Projects\RemoveDeepCut-Start

- | @] |

----- @ MC Programs

E--*@ Toolpaths

w14 > D12T1-RGH1
-/ [ € EMSRGH2
w-v) 3 @8 eN10-FINT

=47 Tools
® 7l >p1m
|_| EM=

| M -
T BN @t PowerMILL Warning:

| g
9 | | EM Project 'RemoveDeepCut-Start’ is open read-only.

o ! It is being edited by user 'dfb’ on computer 'DELCAM/DFE1'.
- Boundaries

_____ #f Patterns It can be saved only under another name, using 'Save Project As...'
Feature Sets
&

= Workplanes
e x k, > MC-datum
[]—--Q Levels and Sets

=-igl Models

. DeepCorner

‘ Stock Models

----- ¥ Groups

-8 Macros

e Select OK in the PowerMILL Warning form.
e Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\RemoveDeepCut

Note: The existing 3 strategies in the above Project are as yet, unprocessed (Calulator icon).

¢ Right mouse click on each of the unprocessed Toolpaths, one at a time in
the explorer and from the local menu select Queue.

----- @ NC Programs

E@ Toolpaths

B B9

=V [ EMsAGH2  DI2TLRGH1 The 3 ‘Queued’ strategies will start processing in

- [ BN10-FIN1 ) . . . .
D Tml?sg St el T sequential order while the user continues to work in

B ¢ U >p1am v Adivate the PowerMILL Project.

. |_| EM5 Activate Workplane

L U BN10 Settings...

- gl Bne

----- 4 Patterns Recreate Block y\\

() Boundaries Mi
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e Activate the first Roughing strategy D12T1-RGH1 and from it’s local
menu select Simulate from Start.

e Open a Viewmill simulation session and simulate each toolpath in
sequential order.

The Pale Blue area shows where the Dia 10
Ball Nosed tool has successfully machined.
The deep pocket (Purple) is inaccessible and
still includes large steps down the side wall.
This excess stock could cause a smaller
finishing tool to break if it attempts to Corner
Finish down the pocket. To prevent this, the
Remove Deep Cuts option will be used as
demonstrated below.

Select the No Image icon ﬂ on the ViewMILL toolbar to display

[ ]
PowerMILL only in the graphics area.
Activate the BN4 tool.
From the Toolpath Strategies form, select Corner Finishing.
¢ Input settings in the main page of the form as shown below:-
rcﬁ Corner Finishing m1
3] Toolpath name  Cerner-Autematic
e Comer finishing | | o Output -
""" I] Tool Output Strategy Both
----- o Limit -
..... T Both - Automatic -
HF Threshold angle Cusp ° Strategy -
-» Comer detection T T Along

a Automatic verification
..... < Point distributien
..... 1 Tool axis
= Rapid move heights
-1 T Leads and links

..... Z, User defined settings

Maximum passes

fdaxirnurn number of passes | 10

0.0

- Start point Tolerance Cut direction
nd point \ im -
End poi 0.02 Climb
-fqr Feeds and speeds
..... Jir Motes ? Thickness

e Threshold
angle - 90

e From the local explorer select the Corner detection page.
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e .
7 Corner Finishing [ 7 ih,I

Toolpath name  Corner-Automatic L4 Reference
Tool - BN10

% ‘;‘-Iforl;plaﬂe [Corner detection 1
oC

..... 9;0 Limit Reference tool

..... 5% Stock engagement U - ’BNIU ']
=-§8 Corner finishing

R Corerceecion]

------ Ty Automatic verification
----- < Point distribution H

..... 1 Tool axis ° UntICk B

- Rapid move heights Remove deep

-7 Leads and links Overlap 0.0
- Start point / CUtS
‘0[;-’ End point Detection limit  165.0

1

[+-fqr Feeds and speeds
----- Motes

[[] Use toolpath reference

Remove deep cuts [

e Select Calculate to process the toolpath and then Cancel the form.

The Corner Finishing has operated
all the way down to the base of the
deep pocket.

Due to the excess stock this could
cause the cutter to break.

e Re-open (Settings) the above Corner Finishing - Along strategy and
select Make a Copy.ﬁ]

¢ Rename the new strategy as BN4-Fin1-NODeepCut and this time ensure
that the Remove Deep Cuts box is ticked before selecting Calculate.
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The Corner Finishing has not
occurred in the deep pocket that is
inaccessible to the BN10 reference
tool

e Save the Project.

Exercise

e Create a material Block defined by a Box, locally around the Pocket
Surfaces (selected).

e Using the same BN4 tool, create a Constant Z finishing strategy to step
down the sidewalls.
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Constant Z Finishing — Additional Stock option

The Additional Stock option causes a Constant Z strategy to ignore the Pocket machining
setting below the point where the width of a deep, angled slot reaches a specified width.
Above this point the tool will continuously machine down each angled face in turn. Below
this point the tool tracks will alternate in descending, height order from one face to the other.

e Delete All and Reset forms.

e From File - Open Project select the read-only Project:-
C:\users\training\Power MILL_Data\Projects\CZ_AddStock-Start

&'ﬁl PowerMILL Warning: 5[

Project 'CZ_AddStock-Start' is open read-only.
' It is being edited by user 'dfb’ on computer 'DELCAM/DFEY'.

It can be saved only under another name, using 'Save Project As...'

Select OK in the PowerMILL Warning form.

Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\CZ_AddStock-EX1

e Right mouse click on the Toolpath named Roughing and from the local
menu select Activate to reinstate the original Block.

e Right mouse click on the Toolpath named Roughing and from the local
menu select Simulate from Start.
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e From the top Pulldown menus select (tick) View - Toolbar - ViewMILL to
open the ViewMILL toolbar (if not already open).

File | view Insert Draw Tools Help

Resize to Fit F& N ‘ o ‘
@ Zoom to Box... Jle*" % =
@ From » j0tip2 7 D
—— Is0 4
——  Tool » =
Hz Rotation Anchor 4
_E Refresh Crl+R
B Blank Selected cl4
Blank Except Ctrl+
; EBlank Toggle Ctrl+y
£+ Unblank Cirl+L
Dizlogs b Viewing Alt+v
-4 ViewMill
Snapshot...

e On the ViewMILL toolbar switch the Red sphere icon to Green to connect
the simulation to ViewMILL.

ol DleveEHeda] |l

vy H| @ x

sl | —

e Select the Rainbow Shading option in the ViewMILL toolbar and then
select Play in the simulation toolbar.
DT Al 1D << Db KAPA

jl i ull

The Roughing strategy has not fully machined a large volume of stock towards the base of
the slot. This will have to be removed as part of a Constant Z finishing strategy.
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e Right mouse click on the Toolpath named 0_AdditionalStock and from
the local menu select Simulate from Start followed by Play in the
simulation toolbar.

The existing Constant Z finishing
strategy is ploughing into the stock
that was inaccessible to the
previously simulated Roughing
toolpath. The excessive loading is
likely to result in fool breakage.
To avoid this problem the
Constant Z strategy will be
modified to include the Add Stock
option.

e In the ViewMILL toolbar select the No Image (PowerMILL only) view.

e Right mouse click on the Toolpath named 0_AdditionalStock and from
the local menu select Activate followed by Settings to open the original
Constant Z finishing form.

e Select the ‘Create a new toolpath based on this one’ option.

e Rename the new Toolpath as 8AdditionalStock and in the Additional
Stock box input the value 8.0 before selecting Calculate.

(@ Constant 2 Finishing |2 58] The choice of the
= selected Additional
Toolpath name  8AdditionalStock

Stock value requires
12, Workplane [Constant Z finishing 1 user intervention in

. Block . . :

- Tool Order by Additional stock estimating t'he width

_ :z Limit Region . - of the slot, just above

B Stock engagement i

. @ Conctut 2 iniching . - the depth of material
.. High speed pira ndercut accessible to the

 Aumesreme | Odiedonots Roughing stratcgy.

e Repeat the ViewMILL simulation, starting with the Roughing strategy as
before but then following with the new Constant Z strategy that has the
Additional Stock value of 8.0 included.
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The new Constant Z finishing strategy Pocket machines continuously down each side of the
slot up to the depth where the width of the slot is equal to TDU + 8. The strategy then
continues but with the Pocket option ignored for the remaining tool tracks, which alternate
between each side wall in descending order.
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3D Offset Finishing

e Open the Project:-
C:\users\training\PowerMILL_Data\projects\CameraStart_Pro

i'ij PowerMILL Warning:

Project 'CameraStart_Pra' is open read-only.
It is being edited by user 'dfb’ on computer 'DELCAM.COM/CROC'".

It can be saved only under another name, using 'Save Project
As...'

e Select OK to load the existing Project into PowerMILL.

e From File — Save Project As:-
C:\users\training\COURSEWORK\PowerMILL_Projects\Camera_Pro

e Right click over toolpath 3DOffset_ BN10 in the explorer and select
Settings from the pull down menu.

e Select the Copy icon on the form.

'gﬂ 3D Offset Finishing m‘
- s ¢ Rename the toolpath as
) colpath name  3DOffzet_BM10_Spiral =
- " S 3DOffset_ BN10_Spiral.
& :Z;tp'a"s [3D offset finishing }
- e e _Tick the box Spiral.
; I;tocr( engagement [ '] E'j ] /
= 9 3D off;etfim.shiﬂg. o Tart on pattern ]
P e Leave all other values
P SR the same then
ST Lt smesting Calculate and Cancel
-l Start point [ Maximum offsets
@"!‘ End point Mazirnurn number of offsets | 10 the form .

The Spiral option is essential for HSM
(High Speed Machining) applications
where ideally toolpaths should be as
continuous as possible.
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To further improve the compatibility of this strategy for HSM a Smoothing option can be
ticked resulting in sharp corners being replaced with a smooth blend wherever possible.

¢ Right click over toolpath 3DOffset_BN10_Spiral in the explorer and select
Settings from the pull down menu.

e Select the Copy icon on the form.
¢ Rename the toolpath as 3DOffsetBN10_Spiral_Smoothing.

-
) 3D Offset Finishing LB s
142 Toolpath name  3D0Offset_BN10_Spiral_Smooth_Pattern
----- 1z, Workplane [3D offset finishing 1
- Block
..... | ] Tool Pattern i
< Too e Tick the box
----- o8 Limit £
""" 3% Stock engagement ISDOI’-fset_Template v] Smoothing
X-Y50 ot nsing Starton patem 1~
i...Thg Automatic verification
----- \& Point distribution .
----- l._:: Tool axis el
.= Rapid move heights [¥] Smoothing L4 Leave a” Other
w0 eads and links

values the same

then Calculate and Cancel the form.

Smoothing applied

Note:- For optimum results the 3D Offset toolpath shape can also be controlled with a
suitable Pattern used as the basis for the initial contour of each set of tooltracks. The user
will need to be able to create a suitable Pattern which in this case consists of selected
segments copied from the Boundary.

Note: Patterns are covered in more detail in Chapter 11.

¢ Right click over toolpath 3DOffset_ BN10_Spiral_Smoothing in the
explorer and select Settings from the pull down menu.

e Select the Copy icon on the form.
¢ Rename the toolpath as 3DOffsetBN10_Spiral_Smoothing_Pattern.
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(") 3D Offset Finishing [
It }"_"::1 Toolpath name  3DOffset_BN10_Spiral Smoath_Pattern
- /o Input the Pattern -
"L, Workplane (Dofetfmshing L
@B Block 3DOffset_Template.
-1 Tool Pattern
& Limit
-3 Stock engagement [3D0ﬁse’ijempkate - v]
Auomatic verification Start on pattern
JQ- Point distribution .
E Tool axis Ml spiral
=Y Rapid move heights [7] Smoothing
@ T 1 eads and linke

e Leave all other values the same then Calculate to process the toolpath

and then Cancel the form.

The Pattern segments have now taken over
from the Boundary to control the actual
toolpath shape.

The Boundary segments are now used solely to
limit the areas covered by the toolpath.

Save but do not close the Project as it will be continued in the following
section.

Issue PMILL 2011



4. Finish Machining Strategies PowerMILL 2011

Optimised Constant Z Finishing

This strategy is a mixture of Constant Z and 3D Offset machining. Where the model is
steep, Constant Z is applied and for other areas, 3D Offset is applied.

Closed Offsets if ticked will cause the 3D Offset areas of the machining to be ordered to
occur from outside to inside. The reverse applies if Closed Offsets is unticked.

e Deactivate the Shallow Boundary, ShallowBN10 in the explorer.

3
e Open the Toolpath Strategies form S and from Finishing select
Optimised Constant Z Finishing from the form then OK.

" @ Optimised Constant Z Finishi )
1 Optimised Constant Z Finishing ° Enter
Toolpath name  OptCZ-BN10 Toolpath name -
1 OptCZ-BN10.
""" ¥, Workplane {Optimised constant Z finishing }
-4 Block . =
..... | :el redl 7] Spiral e Tick -Spiral,
..... o Limi
..... 5’/ Stock engagement Closed offsets Closed Offsets’
—--g i and Smoothing.
= utomatic verification
----- «» Point distribution Tolerance Cut direction
..... 12 Tool axis 0.02 Climb - e Enter the
.= Rapid move heights .
177 Leads and links Thickness TOIerance as
gl Start point 0.0 0-02
o"" End point
+-fir Feeds and speeds 5
5 Notes epoet * Set the Direction
2. User defined settings 10 A to Climb
[T Use separate shallow stepover - ° Input a Stepover
value of 1.
r\'ﬁ Optimised Constant Z Finishing |i|ér
Toolpath name  OptCZ-BN10
----- 17, Workplane imi
@ Block Lt || « Make sure that
-
..... || Tool i
..... S . |  the Boundary is
..... 3% Stock engagement o | P v| n_Ot Selected
_..g Optimised constant Z finishing oL E
L Ty Automatic verification
..... < Point distribution Keep inside
..... 1 Tool axis o

e Leave all other values the same then Calculate to process the toolpath
and then Cancel the form.

Note the consistent Stepover between tool tracks across the whole component.
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Optimized Constant Z generally performs well on Models that contain extreme Steep and
Shallow areas, with a minimum of areas around 45 degrees to the vertical. A typical
application would include many types of Thermoform Packaging.

e Select the Leads and Links icon from the top of the screen to bring up the
form and select the Links tab.

r@ Leads and Links [
e Change the Short/Long
7 Heights | First Lead In | Lead In | Lead Out | Last Lead Out | Extensions | Links | Threshold to 2
Shert/Long Thresheld 2.0
Retract and Approach Moves Short ° Change the Short |inks tO
Along  Tool Axis - On Surface - on Surface
[] Automatically Extend Lang ’
Mazximurm length | 250.0 Skim -
Default e Change the Long and
Retract Distance 0.0 Skim - Default links to Skim.

Approach Distance 0.0

5 A Fit Rapid M e Tick the Arc Fit Rapid
rc Fit Rapi oves .

&rc Radius (TDU) Moves box with an Arc
Radius value of 0.5

e Apply and Accept the

form.

Gouge Check

[ Apply ] [ Accept ] [ Cancel ]
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Steep and Shallow Finishing

This is an alternative strategy to Optimised Constant Z with different options which include
a user defined Threshold Angle between the Constant Z, and 3D Offset areas of the
toolpath as well the option to specify an Overlap value between them.

e From the Finishing strategies form, select Steep and Shallow finishing.
e Enter data exactly as shown in the following illustration.

.
] Steep and Shallow Finishing (8
e Enter Name as:-
(P Teoolpath name  SteepAndShallow_BM10
P cephndShaliow SteepAndShallow_BN10
38 Workplane [Steep and shallow finishing }
A Block
U Tool Spiral
.. 88 Limit
-3 Stock engagement Type
[—-‘ Steep and shallow finishing 3D offset - Smoothing
T Automatic verification
.:} Point distribution Order Additional stock
1% Tool axis Steep first - 05
j Rapid move heights
Y1 i
w11 Leads ar.1d L Threshold angle Steep shallow overlap
-l Start point
. 50.0 20
-1 End point
[y Feeds and speeds
7] Notes Tolerance Cut direction
- User defined settings 0.02 Climb -
Thickness
Stepover
10 i, 0050253
Use separate shallow options
Calculate | [ Queue ] [ oK ] [ Cancel ]

e Select Calculate to process the toolpath and then Cancel the form.

The user is able to
control the angular
threshold between the
3D Offset and
Constant Z
components of the
hybrid Steep and
Shallow finishing
strategy.
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Steep and Shallow Constant Z with separate Shallow Stepover

Both Optimised Constant Z and Steep and Shallow have an option to apply a separate,
larger Stepover across the Shallow areas. This is designed to provide more efficient
machining with a Tip Radiused Tool, where the Shallow areas are perfectly flat. The Steep
walls are machined using the tip radius with a fine Stepover and the flat areas using the
base of the tool with a large stepover.

¢ Delete All and Reset forms.
e From File - Open Project select the read-only Project :-
C:\users\training\PowerMILL_Data\Projects\ADV-Opt-ConstZ-Start

i?,' PowerMILL Warning:

& Project 'ADV-Opt-ConstZ-Start is open read-only.
; lé Itis being edited by user 'dfb’ on computer 'DELCAM/SCZ',

It can be saved only under another name, using 'Save Project
As...'

=

Select OK to load the existing Project into PowerMILL.
¢ From File — Save Project As:-
C:\users\training\COURSEWORK\PowerMILL_Projects\ADV-CZ-example

¢ Right click over toolpath D16t3-OptConstZ in the explorer and select
Settings from the pull down menu.

The component form
includes 2 Flat areas
which are currently
machined with the
same small stepover as
the angled walls. For
more efficiency, an
option is available for a
larger stepover to be
independently applied
to the shallow (Flat)
areas.
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e Select the Copy icon on the form.

-
cﬁ Cptimised Constant Z Finishing

L2 [t

) Toolpath name  D16t3-OptConstZ 1

12, Workplane
@ Block
|] Toal
.88 Limit
- Af Stock engagement

--Tg Automatic verification

- Point distribution

12 Tool axis

=7 Rapid move heights
17! Leads and links
@‘Ll' Start point
@b‘ End point
[y Feeds and speeds

=l Notes
- gu User defined settings

=-£8 Optimised constant Z finishing

[Optimised constant Z finishing

Spiral
Closed offsets

[7] Smoothing

Tolerance Cut direction

0.02 Climb
Thickness

0.0

Stepover

@ 05 A [0.020006

Use separate shallow stepover
Shallow stepover 8.0

|Ca|cu|ate| I Queue ] I 0K ] I Cancel ]

e Tick The Box named Use Separate Shallow Stepover and input a
Shallow Stepover of 8.0

e Select Calculate to process the toolpath and then Cancel the form.

e Open a new Steep and Shallow finishing form and input the same
separate - Shallow stepover as used in the previous Optimised
Constant Z strategy.
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-
(74 Steep and Shallow Finishing

Toolpath name

)

D16t3-5teepShallow_1

=¥ Y5teep and shallow ﬁnishing

& Shallow
T Automatic verification
4% Point distribution
-1 Tool axis
= Rapid move heights
171 Leads and links
@ Start point
@i End point
[y Feeds and speeds
~| Motes
Z. User defined settings

-1z, Workplane [Steep and shallow finishing ]
@ Block
-.I] Tool Spiral
o Limit
.3 Stock engagement Typei
3D offset - [] Smoothing

Additional stock

Threshold angle ep shallow overlap

30.0 00
Tolerance Cut direction

0.02 Climb -
Thickness
Stepover

Use separate shallow options

Calculate | [ Quese | [ o0k | [ Cancel |

~

The Shallow options only
become available in the
local explorer if this box is
| ticked.

----- 12, Workplane
-l Block

..... 3 Stock engagement

L] Shallow

----- < Point distribution

----- 1# Tool axis

=7 Rapid move heights

£-g Steep and shallow finishing

T Automatic verification

Shallow

Spiral
Cut direction

Climb

Stepowver
8.0
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Flat Finishing

These strategies finish flat areas only, the definition of this being controlled by a Flat
Tolerance value. Where applicable, they are usually run immediately after the main 3D Area
Clearance operation. The Project imported for the next example already includes a
preliminary 3D Area Clearance strategy.

e Delete All and Reset forms.

¢ From File - Open Project select the read-only Project:-
C:\users\training\PowerMILL_Data\Projects\FlatFinish_Start

:1!.: PowerMILL Warning:

4 Project 'FlatFinish_Start' is open read-only.
i 'é Itis being edited by user 'dfb’ on computer 'DELCAM.COM/CROC'.

It can be saved only under another name, using 'Save Project
As...'

e Select OK in the PowerMILL Warning form.

e Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\FlatFinish-Example
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Offset Flat Finishing

¢ |nthe explorer - Activate the Dia 16 End Mill (EM16).

e From the Strategy Selector form, select Offset Flat Finishing.

e Fillin the form exactly as shown on the following page and select
Calculate.

. h
% Offset Flat Finishing 2
o Toclpath name  EM16Flats-al
..... 12, Workplane ffse ishi
Offset flat finishing
il Block
----- g I°°|t Flat tolerance 0.0
..... imi
I rcet lat finishing Allow tool outside flats
-.TI7 High speed Rest machining []
L. T Automatic verification [¥] Add approaches from outside
----- < Point distribution ;
..... 1 Tool adis Approach outside allowance 0,05
= Rapid move heights
@177 Leads and links [Cl1gnore hales
..l Start point Threshold (TOLY | 2.0
-1 End point
[j---ﬁr Feeds and speeds Telenes Cut direction
..... Motes . ] 001 Climb hs
----- . User defined settings
Thickness
Stepover
@ 10.0 A, 7071068

[7] Final stepdown

Calculate | [ Queue | [ ok | [ cancel |

The Offset Flats
finishing strategy
will appear as
shown left. In
this case suitable
Leads have been
applied
retrospectively:-
Lead In/Out -
I choice --
Pocket Centre
2" Choice --
Horizontal Arc
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The original imported Project contains both an Offset Area Clear roughing strategy and an
Optimised Constant Z finishing strategy. It is recommended that Offset Flats (EM16Flats-
al) is run directly after the 3D Area Clearance (D16¢3-al). For this reason, it would be a
good idea to move it one place upwards in the explorer - toolpaths area.

In the explorer, move the cursor over the Offset Flats toolpath
(EM16Flats-a1) and with the left mouse key depressed, drag it to the
new position.

= @ Toolpaths
: ) 'fmatam

- "" 'ln D1BT3-al "™ e - EMi16Flats-al

Perform a ViewMILL simulation on all 3 toolpaths to check that method
and result of material removal is acceptable.

The Offset Flats strategy is shown above nearing the end of the ViewMILL simulation.
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Raster Flat Finishing

e From the Strategy Selector form, select Raster Flat Finishing.
e Fillin the form exactly as shown below and select Calculate.

R B
ﬁ Raster Flat Finishing m
] Toolpath name  EM16Flats-a2

----- 1z, Workplane [Raster flat finishing ]

Flat tolerance 0.0

o m Allow tool outside flats

= High speed Rest machining [
g Automatic verification [¥#] Add approaches from outside

----- < Point distributicn
----- 1% Tool axis

.= Rapid move heights ] Fixed directi
-1 T Leads and links e direction

@4l Start point Angle (00

- End point
(-5 Feeds and speeds [[1gnore holes
..... "~ Notes

..... & User defined settings

Approach outside allowance 005

Threshold (TOU} | 2.0

Tolerance Cut direction

0.01 Any -
Thickness

Stepover

(#] 10 A

[7] Final stepdown

Calcul.atel ’ Queue ] ’ QK ] [ Cancel ]

Raster Flat strategy
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Flat Machining example

e Delete All and Reset Forms

¢ Import the model:-
C:\users\training\PowerMILL_Data\Models\Flats.dgk

e Create a 20mm diameter End Mill tool named EM20.
¢ Calculate the (default) Block and reset the Safe heights.
e Open the Offset Flat Finishing form and fill in as below.

[ & offset Fiat Finishing (Bl |
e Name the
3 Toolpath name  EM20-FlatFinRest toolpath EMZO_
----- 12, Workplane [Oﬁset flat ﬁnishing 1 FIatFIn.
- Block
""" LSJ 'll:.oolt Flat tolerance 0.0
..... imi
Elﬂ Allow tool outside flats [¥]
..... - High speed Rest machining [7]
T Automatic verification [¥] Add approaches from outside
----- Q Point distribution a h outside all
_____ k Tool axic pproach outside allowance 0,05 ° Select the Use
E"rf Rapid move heights i i
[]---'H' Leads and links []1gnore holes / AXIaI ThICKness
:3 Start point Threshald (TOU) [ 20 icon.
g End point
[ Feeds and speeds Tolerance
----- = Motes
[ ]
----- 2. User defined settings 002 M En?er Separate
Thicknes Thickness
05 0 [00 values for Radial
Steporer 0.5 and Axial 0.
¥ 10 . [7071068
[ Final stepdown
1.0
’Calculate] ’ Queue ] [ OK ] [ Cancel ]

e Calculate the toolpath and Cancel the Offset Flat Finishing Form.
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The Flat areas have been finish machined apart
from between the ‘D’ shaped and oval Bosses as
well as at the base of the holes due to the 20mm
diameter tool being too large. We will now use a
smaller tool to Rest machine these areas.

e Create a 10mm diameter End Mill tool named EM10.
e Active the toolpath Flat Fin EM20 and select Settings.
e Select make a Copy [ and fill in the form exactly as shown below.

[ & offset Fiat Finishing 2 e | Toolpath Name:
Toolpath name  EM10-FlatFinRest EM1 0-
o FlatFinRest
""" Iz, Workplane [Offset flat finishing 1
- Block
""" 3 T_°°_| Flat tolerance 0.0
..... o Limit .
E—J"r‘ Allow tool outside flats [¥] )
P & Rest Rest machining [V] R \Tlck ReSt
[ High S:EN [V] Add approaches from outside ni
.. W@ Automatic verification : maChInlng (The
. Doi . outside allowance 0,05 . .
..... «>» Point distribution Rest Optlon W|”
----- li': Tool axis LN H th
= Rapid move heights [T]1gnore holes appear n e
-7 Leads and links 20 ex Iorer .
\DLC" Start point p )
@ End point Talsernes Cut direction
-y Feeds and d
[ ﬁr Nee s and speeds 0.02 Climb -
----- otes
----- & User defined settings Thickness
Stepover
30 A
[ Final stepdown Stepovel‘ 3-0
1.0
[Calculatel [ Queue ] ’ QK ] ’ Cancel ]

e From the local explorer select the Rest option.
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[ Offset Fiat Finishing (L2 [
Toolpath name  EM10-FlatFinRest
e Input the

----- 12, Workplane [Rest 1 p

- Bk reference

----- Tool

..... 9-5° Limit Rest machining TOOlpath aS

£ Offset flat finishing Toolpath - EM20-FlatFin

= High speed Detect material thicker than 0.0
: Automatic verification
----- < Point distribution Expand area by 0.0
----- 1# Tool axis

e Calculate the toolpath and Cancel the Offset Flat Finishing form.

The bottoms of the holes and the area
behind the boss have now been
finished as shown left.

Leads and Links - Arc Fit Rapid Moves

PowerMILL Pro contains a couple of additional options in the Leads and Links form.
These include On Surface link moves and the ability to Arc Fit rapid moves (provided the
machine tool controller will support it).

Rapid Moves is set, then arcs are added to the
rapid moves.

This option is ideal for applications where it is
desirable to avoid sudden sharp changes in
direction; for example (High Speed
Machining).
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Changing the Order and Direction within Toolpaths

For toolpaths containing internal link moves, the order and direction of the tool tracks can
be changed. For example, if a machining sequence starts at the bottom of part, progressing
upwards, reversing the order will change the tool track sequence to start at the top of the part
and progress downwards. In this case the direction in which the tool travels is unchanged. It
is also possible to apply Reorder and/or Reverse to selected tool tracks within a toolpath.
Typical reasons for applying Reorder and Reverse to toolpaths include minimising fresh air,
tool movements, or to comply with the recommended tooling specifications (it is often a
requirement in High Speed applications for the toolpath to both climb mill and track
upwards).

During applications where the base of a deep slot is to be climb milled, a uni-directional
Raster Finishing Strategy will track across parallel, starting flush with one sidewall and
tracking towards the other. By locally editing the order and direction a more desirable
strategy can be created where tracking starts along the centre of the slot and progresses, climb
milling, separately outwards towards both sidewalls.

Changing the Order/Direction of tooltracks

e Delete All and Reset forms.

e Open the read-only Project:-
C:\users\training\PowerMILL_Data\Projects\EditToolpaths_3

ﬂ PowerMILL Warning:

Project ‘EditToolpaths_3'is open read-only.
Itis being edited by user "dfb’ on computer 'DELCAM.COM/CROC'

It can be saved only under another name, using 'Save Project
As.t

e Click OK in the PowerMILL Warning form and Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\PunchForm_3

The Project contains a Dia 10 Rad 1 Tipped Tool, and a 3D Offset finishing toolpath
controlled by both Boundary and Pattern segments.

e Simulate the toolpath using the Slow setting.
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Observe the current direction and ordering of the strategy considering potential

improvements. For example, the lower area machining would benefit from climb milling

inwards towards the component form and the pocket machining could start central and climb

mill outwards towards the sidewall.

e Either right click over the toolpath and from the local menu select Edit -
Reorder or select Toolpaths - Toolbar to activate the following Toolbar.

e Click on the Reorder Toolpath icon on the Toolpath Toolbar.
1 - BewBPpEEBR [N IN s8] 0 W

Raize the tnalnath listina farm L"'E

Note the selected segments are shown highlighted in the form.

=

N

Reverse order .

==

X

Reverse direction — —— 4
. . / ﬁ 6 -32.97, 4.52, -25... -32.97,-4.52,-2... 78.06 68
Alternate direction 65  32.97, 4.52, 25.. 3230, 3.7, 2. 7537 72
66  -32.30,-3.76,-25... -3L66,-3.00,-2.. 69.14 &9
67 -31.86,-3.00,-25.. -30.97,-2.25,-2... 62,82 58

Each segment is listed in order of execution. If a toolpath segment is selected on the list the
corresponding segment is highlighted in the graphics area (and vice versa). As a result it can
be modified or moved to another position in the pecking order.

The icons to the left hand side of the form are used for changing the order and direction of
selected segments. If nothing is selected, the buttons when pressed will alter the whole

toolpath. The 2 icons to the lower left of the form are Automatic Reorder l—_J and

Automatic Reorder and Reverse@] . These can only be applied to the whole toolpath and
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not on selected tool tracks and are designed purely to minimise air moves (which in many
cases could be produce a result which is detrimental to the order or direction of tool tracks).

e Select all the tooltracks in the lower area and select Reverse Order. This
part of the strategy should now climb mill inwards, towards the main
component form (If not ‘climb milling’, then apply Reverse Direction).

e Select the tooltracks in the central pocket and again select Reverse Order
followed by Reverse Direction. This part of the strategy should now climb
mill from the centre of the pocket outwards.

Note:- Extra care is required when using the Spiral option in the selected finishing strategy
as these are continuous tooltracks and can only be reversed and not internally reordered (If a
spiral track is created to Upcut outwards then it can only be modified to Upcut inwards).

Surface Finishing

Surface Finishing creates a strategy that follows the surface curves on a selected Surface.
Note:- The strategy will not run parallel to any trimmed, surface edges.

e Activate the Dia 10, Rad 1, Tiprad tool named D10t1.
e Select the upper surface on the punch form.

Issue PMILL 2011 4.63



4. Finish Machining Strategies

PowerMILL 2011

e Open the Surface Finishing form and fill in as shown below.

3'3 Surface Finishing

? [ |

Toolpath name  TopSurfacel

----- 12, Workplane

- Block

..... I] Tool

----- o8 Limit

----- 3% Stock engagement

(=R, A Surface finishing

.= Rapid move heights
@-171 Leads and links
@l Start point

-l End point

-y Feeds and speeds

----- " Motes

----- & User defined settings

[Surface finishing 1

Surface

Surface side  Qutside -
Surface units  Distance -
Degouge tolerance

03

Tolerance

0.02

Thickness

Stepover (Distance)

03

A [0022759

St

[Calcutate | [ Queve | [ ok | [ cancel |

e From the local explorer select the Pattern option.

3 Surface Finishing

2. [ |

Teclpath name  TopSurfacel

1z, Workplane [Pattern
- Block
1) Tool

o Limit Pattem

-3 Stock engagement
& Surface finishing
.. Autematic verification
& Point distribution
17 Tool axis
.= Rapid move heights
171 Leads and links
@ cao oo

Pattern direction U -
ww= || ® Select Two way.
Ordering  Twe way - ° Select:_
St:;tq:uer:: :ImUmaxV : Min U max V

e From the local explorer select the Limit option.

e Set Pattern direction - U

-4 Surfacefinishing

-
Cﬁj Surface Finishing £l
Toolpath name  TopSurfacel
12, Workplane {lel‘t ]
{4 Block
H Tool
[ Lirnit Boundary
{.3¢ Stock engagement
@ - | 7]

e Make sure that no
. — Boundary is
Active (Empty box).

¢ Select Calculate to process the toolpath and Close the form.
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e From the Main toolbar, Select the Leads and Links option. ]EJ

¢ Inthe Links page input:-
Short/Long - Threshold 3  Short - Circular Arc Long - Skim
Default - Incremental

i . B
3& Leads and Links M

|E Heights | First Lead In | Lead In | Lead Out | Last Lead Out | Extensions | Links L

Short/Long Thresheld 3.0

Retract and Approach Moves Short
Along  Tool Axis - Circular Arc -
[] Automatically Extend Long
Maximum length | 250.0 Skim -
Default

Retract Distance 0.0

Incremental -

e Apply the above form.

Where the Link move from
the end of a tool track to the
start of the next is within
3mm, an (orange) arc move
will be implemented.

In the resultant toolpath the natural, order of the fool tracks and link moves across the 2
narrow areas is not very efficient.

This will be fixed by applying suitable toolpath Edit - Reorder options.

¢ From the local toolpath menu (Right mouse click), select Edit — Reorder
and in the form, click the Automatic reorder and reverse icon. %
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The Toolpath follows the curves of the selected Surface.

The toolpath illustrated has been created with ITmm Stepover to help with visualisation.

It has also been edited using the Automatic Reorder and Reverse option to eliminate as
many air moves as possible.

To further improve the efficiency of this strategy, several of the tool tracks on the upper flat
area can be deleted to take advantage of using a bigger Stepover for the Dia 10mm flat area
of the tool used.

e From the main pull down menus, select Draw - Cursor - Tool to help with
the visualisation for the next action.

e Select groups of 6 tool tracks leaving the single tool track outside each
set (as shown below left).

Tool outline displayed to visualise suitable Stepover (Draw - Cursor - Tool).

¢ From the local toolpath menu (Right mouse click), select Edit - Delete
Selected Components to remove the selected tool tracks.
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Surface Finishing Exercise

The direction of the curves on the selected surface will dictate whether the tool tracks are
aligned along or across the model form.

e Activate the D10t1 tip radiused tool.
e Create a Surface Finishing strategy with the pocket sidewall surface
selected using a 1mm Stepover (as shown below).

Due to the natural direction
based on along or across the
surface, the tool tracks run up
and down the sidewalls.

This is not the correct choice
as it is required to step the tool
tracks down the sidewalls.

e Recycle the above Surface Finishing strategy and change the Pattern
Direction option from U to V and Calculate the form.

The Toolpath now follows a
direction, parallel to the base
of the selected Surface.

Note that the tool tracks do
not run parallel to the trimmed
top edge of the sidewall
surface.

Note:- A spiral option in the form of a tick box is available in the Pattern page of the
Surface Finishing form. This can be applied for a continuous tool track down closed pocket
or upstand areas.
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Toolpath Processing Queue

The Toolpath - Queue option allows the user to continue working in PowerMILL while the
Toolpath is being processed in the background. (One or more Strategies can be added to the
Queue and they are calculated in the background, in sequential order).

The following ‘start up’ Project contains two unprocessed Toolpaths. The form for each one
will be opened in turn, but Queue will be used instead of Calculate. This will enable the user
to continue work on a new Corner Along strategy while the original toolpaths are
processing in the background.

¢ Delete All and Reset forms.
e Open the read-only Project:-
C:\users\training\PowerMILL_Data\Projects\ToolpathProcessing-Start

e From File select Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\ToolQueue-ex1

¢ Inthe PowerMILL explorer, right mouse click on the Toolpath named
D25t3-rgh and select the option Queue from the local menu.
¢ Repeat this on the Toolpath named BN16-fin1.

E»@ Toolpaths

ERL F Joz5t3-0h1 - Toolpaths
w-v S >8 -/ v4F D25t3rght
59 Tools pasterant ERAT > ons-in:
i =47 Tools
B p U DIs Simulate from Start " BN16-finl

B ) >p2s
m- gl e
B g lleNe | o actvate

# |‘_J| =B  Activate
- ¢l BNE  Activate Workplane

Simulate from Start

) Boundaries i ;
Sethings. .. {2 Boundaries Activate Warkplane
-8 Patterns -8 Patterns et
ettings. ..
P e P resrce

-1 a3 =] Workplanes
5 Workglanes | poo o 5 % workpones Y

¢ While the original Toolpaths are being processed in the background,
Activate the Tool BN6.
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e From the Finishing options. select the Corner Finishing using Strategy -
Along and enter the other values exactly as ‘shown below’.

4 Carner Finishing l PR X
Toolpath name  BMG-Finl

----- Lz, Workplane Corner finishing ]
-l Block
----- | ] Tool Output Strategy
----- o Limit
Both - Al o

----- 37 Stock engagement ° .
= F Comer finishing Threshold angle Cusp

-#f® Corner detection 300 002

[ Maximurn passes

=7 Rapid move heights e

w71 Leads and links

eu Start point Tolerance Cut direction

d“ End point 0.01 Climb -
l:lﬁ,r Le;d;and specds Thickness

----- &, User defined settings 0.0

¢ In the local explorer select the Corner detection page and input the
Reference tool as BN16.

] Comer Finishing @éj
Toclpath name  BMG-Finl

----- Lz, Workplane {Corner detection }
-l Block
..... ] Tool
..... o8 Limit Reference tool
----- 3 Stock engagement U . [BNlEr ']
=8 Corner finishing

PN e etecion

{Wg Automatic verification [ Use toclpath reference
----- < Point distribution

..... 1# Thal avie

e Select Calculate to process the toolpath and then Close the form.

Note: The latest Corner Finishing strategy will start processing E|>§> Toolpaths
immediately and will more than likely, be completed before the v & Dastarght
Interleaved Finishing strategy currently pending in the Queue. of 1"‘ BaN16-fin1

- § B > bné-fin1

When a Toolpath has been added to the Queue the unprocessed status, Calculator symbol in
the explorer changes to the Queue symbol. x .
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Bn6-fin1

¢ From File select Save Project to update the stored Project.
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5. Toolpath Leads and Links

Introduction

If a tool is allowed to start machining directly on the end of a tool track, it first ploughs
though the remaining stock depth before suddenly changing direction to run along the tool
track. This is likely to result in machining marks, vibration, and excess wear both on the tool
and machinery. To avoid sudden loading on the tool, appropriate Lead moves (at cutting
federate) on and off tool tracks can be applied.

Fresh air (Link) moves between individual tool tracks can add a significant amount of extra
time to a machining operation. This can be greatly reduced by applying alternative, Link
move options.

Link Move

Approach Move

< Default Leads and Links.

\

Rapid Retract

>

Plunge Feed

The Leads and Links options ' are selected either from the Main toolbar or from
within the Finishing strategies forms. They can be applied retrospectively to an existing
toolpath.
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Z Heights

Skim and Plunge distance provide variable control of rapid move heights within a
component. These operate in conjunction with Safe Z and Start Z to minimise slow and
unnecessary movement of the tool in fresh air while machining the component form.

Skim distance — An incremental distance above the model at which rapid moves occur from
the end of one tool track to the start of the next. The tool traverses at a high feed rate (G1)
across the model clearing the highest point along its route by the Skim value.

Plunge distance — An incremental distance above the local component surface where a
downward rapid movement of a tool changes to plunge rate.

Lead In/Lead out Moves

Lead In controls the tool movement onto the start of a tool track and Lead Out the
movement away from the end of a tool track. Lead In moves available include None,
Vertical Arc, Horizontal Arc, Horizontal Arc Left, Horizontal Arc Right, Extended
Move, Boxed and Ramp. The same options exist for Lead Out moves apart from the
omission of Ramp.

N Link Move Ilustration shows:-
\é — Lead In/Out - Vertical Arc and
: Incremental - SKkim - Link moves.

Toolpath colour codes:-
[ N\ Purple - Rapid Skim Feed Rate G1
po verticaare  D3l€ Blue - Plunging Feed Rate G1

Leadout  Green/Orange - Cutting Feed Rate G1
Dotted Red - Full Rapid GO

Vertical Arc
Lead In

Leads and Links are effectively extensions to tool tracks and as result must be gouge
protected. To prevent gouging, the Gouge Check flag should be ticked (default) on the
Toolpath Leads and Links Form. Any Lead that would result in a gouge will not be
created. The following examples illustrate different leads and links, and unless otherwise
stated, Gouge Check should always be set.

If any instances occur where the 1st Choice cannot be applied then the software will apply
the 2nd Choice. If neither option is valid under gouge check conditions then the Lead will be
locally applied as None.

The Current settings of Leads and Links are included in the creation of new machining
strategies. Alternatively they can be applied later to the Active toolpath in the explorer.
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Example
e Delete All and Reset forms.

¢ From File select Open Project and select the readonly Project:-
C:\users\train\PowerMILL_Data\Projects\LeadsLinks-Start

Z

A message informing the user that the
Project is ReadOnly will appear.

To continue, a copy of the Project will
be created to allow the user to make
changes (Save As).

e From File select Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\LeadsLinks-example

[ | ]

@ NC Programs The Project contains 1 Roughing toolpath and 3 Finishing
E%\' Toolpaths toolpaths. The following example will illustrate the
- BV, & D2t31gh retrospective addition of suitable Leads and Links to the 3

WR'2EN 1 > 66-fin1 finishing toolpaths.
- BV, 8 BNe-fin2
B D BNG-fin3

e Select an ISO2 view. " ©

e Right click on the Toolpath BN6-fin1 and select Activate.

e Open the Leads and Links form. ]EJ;

Vertical Arc Leads

Vertical Arc Leads create a circular movement downward at the start and upward at the end
of each individual tool track. By default, the additional moves will not occur in instances
where a Gouge would be caused (Gouge Check box ticked).

R Tangent

\ ~
\ >~ Angle
\ ~

\ S~o
\ N
\

\

\

\

\

Toolpath Radius \\
Segment

Issue PMILL 2011 5.3



5. Leads and Links PowerMILL 2011

AR B
{"_’:ﬂ Leads and Links m

| Z Heights | First Lead In | LeadIn | Lead Out | Last Lead Out | Extensions | Links |
1st Choice 2nd Choice
Wertical Arc + | MNone -
Distance 0.0 Distance | 0.0
Angle 900 Angle | 0.0
Radius 6.0 Radius | 0.0

e Select the Lead In tab and for 7st Choice inpu_t an _Ahgle 90.0 and Radius
6.0 before clicking Apply at the bottom of the form.

There is now a Vertical Arc leading onto
most of the tool tracks. If the required
Lead Out is to be exactly the same as the
Lead In and vice versa the Copy to Lead
Out option allows easy copying of the
settings between the two.

The Leads in this area have remained
unchanged as any Vertical Lead In/Out
using the current Radius value would
gouge the model if allowed to appear.

e Select the Copy to Lead Out button.

[¥] Gouge Check

»
[ Copy to Lead Cut ] Cc
Apply

e Apply the form to update the Active toolpath.

Where the operation is gouge free a
Lead Out move, similar to the Lead
In is applied at the end of each tool
track.

The Leads in this area have
remained unchanged as any Vertical
Lead In/Out using the current
Radius value would gouge the
model if allowed to appear.
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.
33 Leads and Links lllﬂ

|Z Heights | First Lead In | Lead In |Lead Out | Last Lead Out | Extensions | Links |
1st Choice 2nd Choice
Wertical Arc » | Vertical Arc -
Distance 0.0 Distance 0.0
Angle 900 Angle 900
Radius 6.0 Radius 4.0

e Select the Lead In tab and for 2nd Choice input Vertical Arc with an
Angle 90.0 and a reduced value Radius 4.0.

e As before, select the Copy to Lead Out button before clicking Apply at the
bottom of the form.

PRETI Wherever it is gouge free the 1st
R Lo Choice of a Radius 6, Vertical
s AR Arc, Lead In/Out is applied.

If this is not possible without a
gouge occurring, then the 2nd
Choice of a Radius 4, Vertical
Arc is attempted.

If neither the 1st or 2nd Choice is
possible without a gouge
occurring, then no Lead In/Out
will be applied to that part of the
toolpath.

Horizontal Arc Leads

This produces circular leads on the horizontal plane, and the Radius and Angle value is
similar to that for Vertical Arc. This type of lead is frequently used for toolpaths running at
constant Z, or with only small changes in Z height.

Tangent
\ . Angle

\ ~

-=1

~
~

Toolpath Radius \
Segment ‘
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e Right click on the Toolpath BN6-fin2 and select Activate.
e Select an ISO1 view. TR

e Open the Leads and Links form. =

[ ]

In the top Pull down menus select Tools - Reset Forms to return the
Leads and Links settings to default.

] Leads and Links R

|Z Heights | First Lead In | Lead In |Lead Out I Last Lead Out | Extensions | Links |

1st Cheice 2nd Choice
Herizontal Arc hd None hd
Distance 0.0 0.0
Angle 450 00
Radius 3.0 0.0
0.0 Overlap Distance (TOW)

e Change the 1st Choice Lead In to be a Horizontal Arc with Angle 45 and
Radius 3.0 then select the Copy to Lead Out button before selecting
Apply.

- E‘:‘.“‘«Wt There is no need to input a 2nd
o \i . ::E H‘u\ choice as the Horizontal Arc -
N AN Leads In/Out have appeared on all
Lo BT ‘_:7" . ", the tool tracks. With Horizontal Arc
A BN H\\ set, PowerMILL decides whether to
Ei ' . : AN use Left or Right hand arcs. They are
" RN also calculated to comply with the
é' '''' "_“hi_"'“'""“-———\—H-‘:\g&x Gouge Check flag. If it is not
“{T/’ ¥ h 1 possible to apply the specified lead

due to a gouge situation it will remain
as the default vertical move unless
the Gouge Check flag is unchecked
(not recommended).

e Inthe 1% Choice - Lead In input Distance 5 and Apply the form.

An additional (Distance) extension
move is added to the tool track before

/ the original Lead In option ‘kicks in’.

T
S
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Extensions

Extensions provide the option for the user to add an additional lead move option onto the
existing Lead In/Out. As an example, a Vertical Arc - Extension will be added to the Lead
In/Out moves.

e Select an ISO2 view.

¢ |nthe Leads and Links form, select the Extensions tab and for both the
Inward and Outward options, input a Vertical Arc with an Angle 90.0 and
Radius 5.0.

& Leads and Links [ 2 i:hl
‘ZHEIghtS | First Lead In | Lead In | Lead Out | Last Lead Out | Extensions | Links |
Inward Outward
Vertical Arc - Vertical Arc -
Distance 0.0 Distance 0.0
Angle  90.0 Angle 90.0
Radius 5.0 Radius 5.0

e Apply the form.

S 2
,’T<Y
' X

A Vertical Arc Extension has successfully been
added to all of the Lead In/Out moves.

Links

A Link is the movement from the end of a tool track to the start of the next. To provide for
more efficient movement of the tool across the component the height of the link moves that
connect adjacent tool tracks can be reduced to be closer to the local model form.

Short/Long Threshold - This defines the distance limit up to which the Short - Links apply.
Any move from the end of a tool track to the start of the next, which exceeds this distance is
defined as a Long - Link move.

For Short links the available options include Safe Z, Incremental, Skim, On Surface,
Stepdown, Straight, and Circular Arc.

For Long links the available options include Safe Z, Incremental, and Skim.

Safe links apply only at the start and end of a toolpath the available options being Safe Z,
Incremental, and Skim.

For users with a PowerMILL PRO licence:-

Where a machine control system will permit arc fitting of rapid moves the Arc Fit Rapid
Moves box can be ticked along with a suitable Radius based on the active tool diameter
TDU (Of particular benefit to High Speed Machining).
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e Activate the toolpath bn6-fin1 created earlier in the Leads section.

e Open the Leads and Links form. @

e In the top Pull down menus select Tools - Reset Forms to return the

Leads and Links settings to default.
e Select an ISO 2 view.

e Select the Z Heights tab to access the Skim and Plunge Distance boxes.

2 |

Z Heights |First LeadIn | LeadIn | Lead Out | Last Lead Out | Extensions | Links |

7l Leads and Links

Skim Distance

50

Plunge Distance

50

—
—

Incremental Distances  Previous Z-Height -

Radial Clearance 0.0

The values will be left as default
for the time being.

The Skim Distance is the
Incremental height at which the
tool clears the model form
between tool tracks.

The Plunge Distance is the
Incremental height at which the
tool rapids down to before using
the Plunging Feed Rate.

e Select the Links tab to access the Link move options.

|Z Heights | First Lead In | Lead In | Lead Qut | Last Lead Qut | Extensions | Links L

Short/Long Threshold 3.0
Retract and Approach Moves Short
Along  Tool Axis - Circular Arc -
Automaticall}r Extend Leng
Maximum length  250.0 Skim -
Default
Retract Distance 0.0 Safe hd

e Input the Short/Long Threshold as 3 (Link move distances less than this
value will use the Short link option and those greater will use the Long

link option).

e Select Short as Circular ad Long and Default as Skim.

e Apply the form.
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e Change the Short/Long Threshold to 5 and Apply the form again.

Note that by increasing the value of the
Short/Long Threshold the number of
Short Link Cicular Arcs has greatly
increased.

The remaining lift and plunge moves
would benefit from Vertical Arc Lead
In/Out moves but not the existing
Circular Arc Links. This can be achieved
locally by selecting the individual lift or
plunge moves and then applying the Leads
and Links form.

e Apply a Vertical Arc to both Lead In and Lead Out as shown below
rﬁ Leads and Links m1

| Z Heights | First Lead In | Lead In |Lead Out | Last Lead Out | Extensions | Links |

1st Choice 2nd Choice
Vertical Arc » | Vertical Arc -
Distance 0.0 Distance 0.0
Angle 900 Angle 900
Radius 6.0 Radius 4.0
0.0 Overlap Distance (TDU) Ramp Opticns...

Allow start points to be moved
[¥] Add leads to short links

[¥] Add leads at tool axis discontinuities
Angular Threshold  90.0

[#] Gouge Check

Copy to Lead Out l [ Copy from Lead Cut ] l Apply Lead Ins

[ Apply ][ Accept ] [ Cancel ]

The Vertical Arc - Leads
are currently adding to the
Circular Arc - Short link
moves.

This can be suppressed by
unticking the box labelled
Add leads to short links.
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I 0.0 Overlap Distance (TDU)
¥ Allow start points to be moved e Untick the box labelled Add leads

[~ Addleads toshortig———— o short links.

¥ Add leads at tool axis discontinuiies ————————
’7 Angular Threshold [a0.0 @ Apply the fOrm.

As shown above the Vertical Arc - lead moves no longer exist on the Short links (Circular
Arcs).

Applying Leads and Links locally to individual tool tracks

e With the Shift key depressed, select one of the individual link moves
where the Lead is currently a Vertical Arc.

¢ Inthe Leads and Links form select the Lead In tab and select 1st Choice
as Extended Move with Distance 10.

e Select the Copy to Lead Out tab and then Apply the form.

Selected Link Move

The selected Vertical Arc lead move is individually edited to become an Extended move
As shown above.

¢ From File select Save Project to update the stored Project.
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Additional Short Links options

In addition to Safe, Incremental, and Skim the following additional options are available in
the Short Links section. These additions are not available in the Long Links options.

On Surface
This links the tool tracks with a gouge free, direct move that follows the surface form.

Stepdown
The link move remains at a constant height and performs a gouge checked, move over to the
start of the next tool track where it then feeds down onto the surface.

Straight

In this case the link is a gouge checked, direct linear move to the start of the next tool track.

Circular Arc
This links the tool tracks with a gouge free, circular move that follows the surface form.

Exercise

e Activate the toolpath BN6-fin3 and Apply the Leads and Links as
follows:-

Links:-
Long/Short/Default - Skim

Lead In:-
1st Choice - Ramp (Opftions - Max Zig Angle 4 and Ramp Height 1)

Lead Out:-
1st Choice - Vertical Arc - Angle 90 - Radius 3 and Overlap Distance 0.2

) . Overlap Distance continues the cutter
z | before or after the natural end point

oy (Along the original toolpath) by a
% specified distance based on the Tool
———— Diameter (TDU).

The finished Leads and Links will be as
shown above.
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Pro — Arc Fitting Rapid Moves

Leads and Links

Note that arcs can be applied to the
Rapid Moves (If the individual
Machine tool controller supports the
option).

The Arc Fitting works on all Rapid
Moves including Skim moves.

This option is ideal for applications
where it is desirable to avoid sharp
changes in direction; for example (High
Speed Machining).

The Arc Fit Rapid Moves option is located in the Links form.

To activate the option the Arc Fit Rapid Moves box must display a tick.

The radius of the Arecs is also controllable as a proportion of the active Tool Diameter
(TDU).

ir . -
7] Leads and Links I. 7 &I

ol
|Z Heights | First Lead In | Lead In | Lead QOut | Last Lead Qut | Ex'tension( Links !

Short/Long Threshold 100

Retract and Approach Moves Short
Along  Tool Axis - Safe -
[¥] Automatically Extend Long
Maxdmum length  250.0 Safe -
Default
Retract Distance 0.0 Safe -

Approach Distance 0.0

[¥] Arc Fit Rapid Moves
Brc Radius (TDU) @

Gouge Check

[ Apply Links

Apply l ’ Accept l ’ Cancel l
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6. Boundaries

Introduction.

A Boundary consists of one or more closed (wireframe) segments, the main application
being to limit machining strategies to specific areas of the component. Earlier in the course
Boundaries have been utilised to limit machining strategies so that they occur in more
compatible areas of the component. For example Constant Z finishing is more effective on
Steep sidewalls and Raster finishing on Shallow areas.

There are several standard options available for Boundary creation.

Lo e \

L.£F Pattemns
P Feature
gl Workpla
£ Levels ar
i@ Models
dlh Stock My

¥ Groups
-8 Macros

Boundaries
Toolbar..

Create Boundary »
Paste as new Boundary
Boundary Names 5
Folder Names »
Batch Process

Invalidate Al

Deactivate

Draw All

Undraw All

Thickness...

User defined Boundary

Block
Rest

Selected Surface
Shallow

Silhouette

Collision Safe
Stock Model Rest
Contact Point
Contact Conversien
Boolean Operation
User Defined

This type of Boundary is created from the options contained in an additional sub-menu.
While all other main Boundary options involve interaction with other PowerMILL entities
the User Defined options generally involve direct conversion of existing wireframes.

s
1 User Defined Boundary

00

Insert

Insert File
Teolpath E
Model
Sketch
Curve modelling
Wireframe modelling

Maodel Tolerance 01

Mame 1

Edit

I Accept II Cancel

Boundary, Pattern, and Toolpath
icons are greyed out unless a
suitable entity is selected.

Model:- Inserts the edge of the
selected model.

Sketch:- Enables free form
coordinate input.

Curve Modelling:- Opens a
Composite Curve generator.
Wireframe Modelling: Provides
access to the wireframe part of
PowerSHAPE.

e From the main pulldown menus select File - Delete All.

e From File Import the model:-
C:\users\training\Power MILL_Data\Models\cowling

Issue PMILL 2011



6. Boundaries PowerMILL 2011

e Select the surfaces defining the central pocket and fillet.

Model @
Sketch @[}
Curve modelling @

Wireframe medelling E

e In the explorer right click over Boundaries and select Create - User
Defined and in the User Defined Boundary form left click the Model icon
(arrowed above).

A Boundary segment is created
around the edge of the selected part
of the model.

e Select a View from top (Z) and switch off the Shading retaining the
Wireframe view.
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e In the explorer right click over Boundaries - Create Boundary - User
Defined and in the User Defined Boundary form left click the Sketch

icon. sketeh @

The Curve Editor toolbar (shown below) will appear above the Graphics area.

P RE TR KT | %Y, R A a)
¢ In the Curve Editor toolbar select the Curve editor options icon. ﬂ@
2%
ﬁﬁlﬂﬁ;ﬁ? Snapping Options
:.-—3:,15 ™ _Use the Inteligent Cursor —
__ Import Guryes W
[+ Project Madels ¥

-- NC Programs
[ Setup Sheets
B1- Unit System

-- Curve Editor

Inside surface patches W
Features [

Workplanes M
igent Cursor

Elack ¥
napping Options

N-points I
Construction lines Iy ¥
tatus Bar Curye intersectigs M

e Select Intelligent Cursor - Snapping Options and untick the Use of
Intelligent Cursor box to enable full ‘free form’ sketching to occur.

e Accept the form.
¢ In the Curve Editor toolbar, select the create Continuous Lines option. N|
e Using the left mouse key, snap points to create a sketched Boundary.

Note: Do not attempt to close the
segment by trying to snap the ‘final
span’ back on to the start point. Use
the Close segment icon to achieve an

exact match. :]|

e Forany invalid points, sequentially remove using the Undo icon ﬂ and
to insert the final span select the Close segment icon. :]|

Points can also be input as Incremental values, using X Y Z coordinates in the data input
box, located below the graphics area.

To insert as absolute coordinate values toggle the icon from 5 to ol
F
o & |

Q;P |1cn:n:|
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e Once the segment is closed, exit the Continuous line mode toolbar by
selecting the small cross Xl at the far right.
Z20J

¢ In the Curve Editor toolbar, select the Accept changes iconﬂ to
accept and close the Sketch Boundary session.

e With the segment selected, right click on the new Boundary and in the
local menu click on Edit - Spline Selected to open the following form.

x
2 v K

e Enter a value of 2 before selecting the green tick to apply and close.

N

The Boundary segment is splined through the polyline points where doing so maintains the
original form to within a maximum deviation of 0.5. In instances where this is not possible a
tangency will remain either side of the point.
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Selected Surface Boundary

A Selected Surface Boundary defines one or more segments where the active tool looses
contact with the selected surfaces. The segments represent the tip of the active tool.

e Create a Block Defined by Box using Type Model.
e Create a Ball Nosed tool of Diameter 16 with the Name bn16.
e Select the surfaces defining the central pocket including the fillet.

¢ In the explorer right click over Boundaries and select the option Create
Boundary - Selected Surface.

r ) N
{7 Selected Surface Boundary l PR
& Name 3
TopEl [T Limit Boundary
@) Inside
Roll Over [7] i
Outside
Tolerances
Tolerance 0.1 7] Autematic Cellision Checking
Thickness 0.0 0.0
0.0 0.0
Use Axial Thickness [~ Block
Tzl Limit g3 ~
U = BMN16 -
[ Apply ] ’ Queue ] [ Accept ] [ Cancel ]

e Using the above settings Apply the form to create the above Boundary
segment.
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Shallow Boundary

This type of Boundary defines one or more segments where the model drops through a
specified Threshold Angle downwards from the horizontal plane. It is designed to
differentiate steep and shallow areas where Constant Z and Pattern strategies are
respectively, more effective. The Boundary is calculated relative to the Active tooling
parameters.

e In the explorer right click over Boundaries and select the option Create

Boundary - Shallow.

[ 7 Shallow Boundary 7 e ) . .
Typical area more suited to a
&8 W= Pattern strategy (above 35
- degrees).
Upper Angle  30.0 |:| le.lt Boundary g )
@) Inside
Lower Angle 0.0 Outside
Tolerances )
Tolerance 0.1 [] Automatic Collision Checking
Thickness 0.0 0.0
0.0 0.0
=1 Use Axial Thickness [] Block
Tool Pz
Limit -
Y- -
[ Apply ] [ Queue ] [ Accept ] [ Cancel ]
Typical area more suited to a Constant Z strategy (below 35 degrees). \

e Using the above settings Apply the form to create the above Boundary
segments.

Silhouette Boundary
This type of Boundary defines the 2D the outline around the selected model adjusted to the

contact point of the tool along Z.

e Select the following surfaces on the model (use the Shift key to enable
multiple Selection).
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¢ Right click over the model in the graphics area and in the local menu
select Edit - Delete Selected Components.

e With the shutout areas now deleted, right click over Boundaries in the
explorer and select the option Create Boundary - Silhouette.

' B’
5 Silhouette Boundary m
% . Name 5
On Model |:| Limit Boundary
@ Inside Limiting Boundary
Outside
Tolerances
Tolerance 01 [T] Automatic Collision Checking
Vertical Tolerance Halder Clearance | 0.0
Thickness 0.0 Shank Clearance | 0.0
Block
i i 0.0
Axial Thickness o
Use Axial Thickness [ Limit ﬂ e
Tool
-~ BN16 -
[ Apply ] [ Queue ] [ Accept ] [ Cancel

Rest Boundary
This type of Boundary defines the area inaccessible to a specified Reference tool. It also
requires an (smaller) active tool to be specified otherwise it will not generate segments.

e Create a Ball Nosed tool of Diameter 8 with the Name BNS8.
¢ In the explorer right mouse click over Models and select Delete All to
remove the now (incomplete) component.
e Import the original (complete) Model back into the Project:-
(C:\users\training\PowerMILL_Data\Models\cowling)

¢ In the explorer right click on Boundaries.
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e Select Create Boundary and select Rest to open the Rest Boundary
form.

' ’
(= Rest Boundary l. 2 -'S__"h]
& MName &
Detect Material Thicker Than 0.2 :‘LIim.itlBDU”da’}'
@ Inside
Expand Area By 1.0 Outside
Tolerances
Tolerance 0.1 [C] Automatic Collision Checking
Thickness 0.0 0.0
00 0.0
o
Use Axial Thickness [ Block
Uz Limit g5
H = BNE -
Reference Tool
£~ BN16 -
[ Apply ] [ Queue ] [ Accept ] [ Cancel ]
\

e  Modify the values in Expand Area to 0, enter bn8 as the Tool, and bn16
as the Reference Tool and click Apply to create the following Rest
Boundary.

e  Accept the form. ,_I/

e Select a View down the Z Axis . and Undraw the model.

The above Boundary identifies areas on the component that are inaccessible to the bn16 tool
geometry to be locally machined with the bn8 tool. On closer inspection the central pocket
area would be more effectively machined with a flat bottomed tool and a smoother more
continuous toolpath will be achieved if the 2 spurs were removed from the outer segment, to
be machined later as a separate toolpath.
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Block Boundary

This Boundary option creates segments as a profile around the Block definition.

In Rapid Move Heights - Reset to safe heights.

Use the default Start and End Point settings.

Calculate a Block, Defined by Box with Type Model.

In the explorer right click over Boundaries and select the option Create
Boundary - Block.

74 Block Boundary [ 2 iE-J
Mame 7
Block
Type Box

Apply ll Queue ]l Accept ]l Cancel
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Editing Boundaries

Several options are available that enable the user to modify the geometry of a Boundary.
These include Curve Modelling, Curve Editor, and Wireframe Modelling (Chapter 12).

e In the explorer right click the Rest Boundary (6) icon to open the local
pull down menu and select Edit - Copy Boundary to create a copy named
(6_1).

e In the explorer right click over the original Rest Boundary (6) and
Rename as Master.

e Rename the new copy of the Rest Boundary (6_1) as Rest.

e In the explorer click (off) the light bulb adjacent to the copy (Master) to
remove it from view in the graphics area.

e Delete the 2 inner segments on Boundary (Rest) by boxing over them
with the left mouse (select) and press the Delete key on the keyboard.

The next stage is to remove the two spurs (arrowed) which will be carried out after an
explanation of the Boundary Editor Form.

Boundary - Curve Editor
Once created, a Boundary segment can be modified using a series options accessed from the
Boundary Toolbar.

‘azv Rex - BAOXSOR2FC 9 - X

J=|v| L’\f

The Curve Editor toolbar can be made Active by selecting the option @ from the above
Boundary toolbar (Alternatively, if a Boundary segment is double left mouse clicked the
Curve Editor toolbar will become active).

R RETAR/ KB | % N,0, Wy X

Curve Point - editing

The Point editing 0pti0ns| g% e {“;3‘3 | can only be applied to Continuous Line
(Polygonised) segments.

6.10 Issue PMILL 2011



PowerMILL 2011 6. Boundaries

e From the PowerMILL explorer - Right Mouse Click on Boundary and
from the local menu, select Toolbar.

e From the Toolbar select the Curve Editor option to open the Curve
Editor toolbar.

e Select the outer - Boundary segment in the graphics area.

The Points will be displayed on
the selected Boundary
segment.

Zoom into the area of the selected segment (shown below) and select all
the Points that define the spur (Hold down the Shift key while selecting
with the left mouse key).

=
=

S b |
From the Curve Editor toolbar select the Delete points option &%| to

remove the spur from the segment.
Repeat the procedure on the other spur (as shown below).

P

FIRE A

Note:- The point removal process on
this side has caused the segment to be
opened. This will be fixed using the
Join close option.
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e From the Curve Editor toolbar, select the Join close option
to re-create a closed segment.

e Make sure that neither of the 2 seqments is selected (Unselected
segments will not be returned from the Curve Editor).
e To accept the changes and exit the Curve Editor, select the Green Tick

option. ﬂ

Other editing options (as shown below) are accessed by right clicking over a Boundary
either in the graphics area or in the explorer and then selecting Edit from the local menu.

RS - JRest] |
- 4 X Rest

----- % Patterns

i.:P Feature Sets Curve Editor...

----- . Workplanes c

+f§- Levels and 51 ory

+- i@ Models Paste

4 Stock Model Activate

..... 7 Groups

& 58 Macros Activate Workplane
Settings...
Calculate
Queue Edit 3 Transform 3

L4
Recreate Block L= Arc Fit Selected
Select Surfaces Undo Last Edit Spline Selected
v Draw Redo Last Undone Edit Polygonise Selected I"\’

Add to Folder
Instrument
Rename
Select All
Deselect
Save
Edit I/\\, 4
Insert 3

e Select the outer segment of the Boundary (Rest) and Right Click on it in
the explorer to open the local pull down menu.
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e Select Edit - Spline Selected entering a Spline fitting tolerance value of
0.1 in the form before clicking the Green Tick to apply.

e Re-select the outer segment to visualise the effect of the Spline (as shown
above right).

The Selected Segment has now been Splined (Curve fitted and the points re-distributed
within the specified tolerance value) to produce a smoother form with any unnecessary
points removed. This will improve the quality of subsequent operations such as offsetting of
the Boundary.

Note: It will not be possible to access the Curve editor - Points options on the ‘Splined’
segment unless it is converted back to Continuous line style (Polygonise).

e Right click on the Boundary icon named Rest in the explorer to open the
local menu again.
» Select Edit - Transform - Offset to open the Curve Editor - Offset form.

ey = 1> Rest |
o 7
- Ve k Rest

-5 Patterns

~¢§® Feature Sets Curve Editor...

-~ Workplanes
o oo e

ool

Edit 4 Transform » Move...

Insert ' Arc Fit Selected Rotate...

Undo Last Edit Spline Selected Mirrer...

Redo Last Undone Edit Palygonise Selected Seale..

Clear History Buffers Flatten Offs»elt...
Multiple...

Unlock Boundary cole Tn Warknlane

Offset
1 Distance - x ‘ %"AQ‘AD 1 Distance 1 -

e In the Offset form select the 3D Smooth option and input a Distance of 1
before applying the return key.
e To accept the changes and exit, from the Curve Editor toolbar, select the

Green Tick option. ﬁ
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¢ In the explorer click (on) the light bulb adjacent to the copy of the original
Boundary (Master) created earlier (It will be displayed alongside the
edited Boundary (Rest) as shown above illustrating the effect of the Tmm
3D Offset). ,“

e Select the Toolpath strategies icon & to open the following form and
select the Finishing options.

R B
;jﬂ Strategy Selector M

| MyStrategies | 2.5D Area Clearance | 3D Area Clearance | Blisks | Drilling | Finishing | Legacy | | [0

3D Offset Finishing /& Projection Line Finishin EIE o]
gConstantZFinishing %Projection Plane Finishi

!JComer Finishing “# Projection Point Finishi| — Preview
E](Zorner Multi-pencil Finishing \%Projection Surface Finis

pCorner Pencil Finishing ERadial Finishing

% Disc Profile Finishing ERaster Finishing

‘%Embedded Pattern Finishing (5 Raster Flat Finishing

¥ Offset Flat Finishing ?}Rotar}r Finishing

&2 Optimised Constant Z Finishing Spiral Finishing
Eparametric Offset Finishing ﬂSteep and 5hallow Finis

Pattem Finishing wSurface Finishing

i Profile Finishing £\ Swarf Finishing
@Projection Curve Finishing QLWireframe Profile Mach
‘ [T ¢

[ OK ]’ Cancel ]

.

e Make sure that the BN8 tool and Boundary named Rest are both Active.
e Select 3D Offset Finishing to open the following form and enter data
exactly as shown below.
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'
(34 3D Offset Finishing

Toolpath name  BMNS-RestFin

----- 12, Workplane
i Block

..... < Point distribution
..... 12 Tool axis

j Rapid move heights
-1 Leads and links
-l Start point

-l End point
-5 Feeds and speeds

----- = Motes
..... & User defined settings

...... T8 Automatic verification

[3D offset finishing

Pattern

[

) (1))

Spiral
[] Smoothing

[] Maximum offsets

Maxirum nurmber of offsets | 10

Start on pattern [

Tolerance Cut direction

0.02 Clirnb -

Thickness

Stepover

@ 05 0.015656
ICaIcuIateI [ Queue ] [ OK ] [ Cancel ]

e Calculate the form to process the toolpath before selecting Cancel to exit

the form.

—_———— i

e Undraw the Toolpath (BN8_RestFin) and Boundary (Rest) by switching
off the respective light bulb symbols in the explorer.
e Select the outer segment of the displayed Boundary (master).
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e Right click the Boundary icon (Master) in the explorer to open the local
pull down menu and select Edit - Copy Boundary (selected only) to
create a new Boundary (master_1) consisting of the outer segment only.

e Open the local pull down menu again and Rename the copy as (Spur1).

e In the explorer click (off) the light bulb adjacent to the Boundary (master)
to remove it from view.

L.

e Right click over the Boundary icon (Spur1) in the Explorer and select
Activate.

e Double left click on the Boundary segment to activate the Curve Editor
toolbar.

e With the Shift key depressed, Select all points along the Boundary
segment except those defining the rectangular part off the upper spur.

Notes:-

1/ The point selection
process can be carried out in
stages enabling the user to
Zoom in as the bulk of the
points have are deleted.

2/ If it is required to
deselect one or more of the
selected points the CTRL
key is used during the
selection process.
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S i
|-

(—F

e Select the Join Close option to close the open segment.
e Shift - Select the points at the base of the rectangular segment.

=

G;F' ||:| 2

L)
e From below the Graphics Area with Relative move selected, input
0 -2 in the Data input box and return (The selected points will move by a
distance of Y-2).

e Select the Green Tick ﬂ to exit the Curve Editor toolbar.
e Display (light bulb on) both Boundaries - Rest and Spur_1

¢ Resize the View. [@'

Issue PMILL 2011 6.17



6. Boundaries PowerMILL 2011

¢ In the explorer right click the Boundary (Spur_1) and from the local
menu select Edit - Transform - Mirror.

e Inthe Transform Boundary form select the mirror ZX option (Note: The
default, keep original is set).

Mirgé
[7.2 28 ;

e Click on the small cross to accept the mirror operation and close the
form. ﬂ
e Select the Green Tick to accept and exit the Curve Editor toolbar.

The 2 separate spur segments are now both contained in the Boundary named Spur_1

e Make sure that the tool - BN8 and Boundary - Spur_1 are both Active.
e Open the Strategy Selector form and select the Finishing options.

(7 Strategy Selector l PR
| MyStrategies | 2.50 Area Clearance | 3D Area Clearance | Blisks | Drilling| Finishing | Legacy | ] 14
£ 3D Offset Finishing # Projection Line Finishin E Q
&2 Constant Z Finishing %Projection Plane Finishi
\ Corner Finishing “3 Projection Point Finishil — Preview

!-Corner Multi-pencil Finishing ¥ Projection Surface Finis
pComer Pencil Finishing Radial Finishing

S Disc Profile Finishing
\\;'} Embedded Pattern Finishing (%l Raster Flat Finishing
(g Offset Flat Finishing ?}Rotar}r Finishing

&2 Optimised Constant Z Finishing Spiral Finishing
EParametric Offset Finishing gSteep and Shallow Finis

Pattern Finishing \bSurface Finishing

i< Profile Finishing £\ Swarf Finishing

u@ Projection Curve Finishing c_..LWireframe Profile Mach|
] m k

e Select the Raster Finishing option.
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¢ In the Raster Finishing form and enter data exactly as shown below.
rd Raster Finishing m1
) Toolpath name | BNB-Spurfin

----- 1z, Workplane [Raster finishing 1
- Block

..... || Tool Angle 900

..... o Limit

_____ 3 Stock engagement Start corner  Lower right -

=& Raster finishing
... 7 High speed

Perpendicular pass

| Perpendicular pass [

------ T8 Automatic verification
..... 2 Point distribution rrdllowanglz 211
----- 17 Tool axis

=7 Rapid move heights
-1 Leads and links

Optimise parallel pass

. Start point Ordering
g End point Style Onewaygrouped  «
(- Feeds and speeds Are radivs [00
..... = Motes
----- & User defined settings Tolterss
0.02
Thickness
Stepover

05 A
Elorew

[Calculate | [ Queue | [ ok | [ cancel |

\

e Select Calculate to process the toolpath and then select Cancel to exit
the form.

The machining strategies have been localised and the tooltrack shape controlled with the help
of edited Boundaries originating from a single Rest Boundary.
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e Save the Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\Boundary-tests

Creating Blanking Surfaces using Boundaries

Blanking Surfaces are used to cap holes and pockets in a model to prevent the tool from
machining into those areas. There are three types of Plane that can be created in
PowerMILL.

1. Block - allows the creation of a plane at a specific Z Height after the material Block
had been defined.

2. Best Fit — creates two planes, one touching the boundary at its highest point and the
other through its lowest point. The planes are parallel to the best fit plane (the plane
that has the smallest maximum distance from the Boundary).

3. Projected — creates a plane parallel to the X Y axis of the active workplane. The
plane will have the Z Height of the highest point of the boundary.
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Example
¢ Delete the current model, toolpaths and boundaries.

e Import the model:-
C:\users\training\Power MILL_Data\Models\pockets.dgk

e Define the Block to Min/Max limits.
e Select the top surface of the model (shown shaded).
e C(Create a User Defined Boundary, select the icon Model and then Accept
the form.
(% User Defined Boundary A=)
RO Name 1

Insert Edit

Insert File

Toolpath E
Mode! [@

Sketch

Curve modelling

Wireframe modelling

Model Tolerance 0.1

The boundary produced has 4 segments. For this example only the two smallest segments
are required.

e Select the two highlighted segments by dragging the cursor over them.

Issue PMILL 2011 6.21



6. Boundaries PowerMILL 2011

¢ Right click over Models in the explorer, and select Create Plane -
Projected.

Two planer, blanking Surfaces
are created as shown.

No need to Save the Project
this time!

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

Exercise

e From Examples, open the model bucket.dgk and generate 4 surface
planes to cover the foot recesses on the upper base surface.
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9. Feature sets / 2D machining

Introduction

PowerMILL has a range of 2D strategies which operate specifically on entities called
Features. These are extruded along Z from wireframes (Pattern or imported model) and
are assigned as specific types such as Boss, Pocket, Slot, Hole, etc. Features are machined
independently (not gouge checked) to any existing surfaces/solids. A Feature is displayed as
an upper and lower contour linked by vertical lines. A 2.5D Component is built up from a
Feature Set consisting of one or more related Features. Milling will occur collectively in
areas as dictated by the individual Feature types.

1. Features

Features are created from 2D geometry, and are individually defined as a Pocket, Slot, Boss
or Hole. It is also possible to extract Hole features directly from a Surface or Solid model as
well as from Area Clearance strategies when using the Drilling option for Lead In Moves.

2. Area Clearance (2.5D machining strategies)

On completion of a Feature Set, the 2.5D Area Clearance strategies are applied to create
roughing, semi finishing, and finishing strategies.

3. Drilling
Drilling options can only be applied to Hole Features. Types of cycle supported include
Standard drilling, Boring, Helical milling, Tapping and Thread Milling.

Features
There are six different types of Feature which respond specifically to the 2.5D Area
Clearance options:-

1. Pocket, relates to the area inside a Feature. Machining will occur inside the Feature.

2. Slot, relates to the tool tracking along the Feature contour (with or without LH or RH
cutter compensation).

3. Boss, relates to the area outside the Feature. Machining will occur outside the Feature.

4. Hole, this type of Feature is specifically used with Drilling strategies and can be defined
from points, circles, curves, or directly from CAD model data.

5. Circular Pocket - a circular pocket is defined from points, circles or curves.

6. Circular Boss - a circular boss is defined from points, circles or curves.

Note: it is not possible to change an existing a Feature to one of a different type.

Stacked 2D/3D data containing pairs of wireframe circles/curves/lines or cylindrical
surfaces can be imported into PowerMILL to be directly defined as Hole features, thereby
removing the need to manually input some or all of the dimensions.
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Creating Features from Pattern segments

e Select File @Delete All and Tools = Reset forms.

e Open the Project:-
C:\users\training\PowerMILL_Data\Projects\2D-Drawing

The imported Project contains a Pattern defining 2D geometry to be used to create a
Feature Set. The Project is Locked to prevent it from being altered hence the first step is to
Save As a separate Project locally with a different name.

e Select File - Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\2DPatternExample

e In the explorer right mouse click on Feature Sets to access the local
menu and select Create Feature Set.

% Patterns 4 Feature ? |
Y3321
Feature Sets Create | Edit Component
Workplz
g’ﬁ‘ Let;lfa frsture sets Type Name root
g Models Create Feature Set > Boss - bl
‘ Stock M Recognise Holes in Model Draft sngle
Rt s Import V| Smart creation 00
-8 Macros Bpot
Feature Set Names » Define top by
Folder Names 3 Absolute - 40
Select Features... Define bottom by
Deactivate Absolute - 0.0
Draw All
Undraw All
Preferences...
Edit 2
Create Folder
Apply | | Close
Delete All

e A new (empty) Feature Set - 1 will appear in the explorer and the
Feature Form will open ready to build the 2.5D model.

e Select the larger, rectangular Pattern Segment and enter values exactly
as shown in the above right Feature Form before selecting Apply (Do not
close the form).
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The first Feature is the main component body defined as a Boss (as shown above).

7 Feature @I—Jiz-
Create | Edit | Compaonent
Type Mame root
Pocket - pl
Draft angle
Smart creation 0.0
Define top by
Absolute - 40.0

Define bottom by
Absolute > 100

Apply ] ’ Close

e Select both, the filleted rectangle and the large circle Pattern Segments
and enter values exactly as shown in the above left Feature Form before
selecting Apply (Do not close the form).

If the form is closed by mistake to reactivate on the same Feature Set - right mouse click on
Feature Set named 1 in the explorer and in the local menu select Settings.
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:"_.2 Feature @I—Jih
Create | Edit | Component
Type Mame reot
Hole - hi
Use Draft angle
Circles hd 0.0
Define top by
Absolute hd 400

Define bottom by
Absolute - 0.0

Apply ] [ Close

e Select all 12 of the Dia 6 circles and enter values exactly as shown in
the above left Feature Form before selecting Apply.

= _:’} Patterns
5

T CP Feafulrisftf The contents of the Feature Set (1) should be similar to the illustration on
B bt the left (Note: The Author has opted to use a naming system where a Boss

— is prefixed with a b, a Pocket with a p, and a Hole with an h).
& h1_3 The Feature Set is now complete and ready for the creation of suitable

S 25D Machining Strategies.

=
&
&
o
&
&
&
o
+ 51 h1_6
o
o
&
&
&
o
W

M h1_12
5 Workplanes

2D Feature Set Machining

e Define a Dia 10 - tiprad 1 - Length 50 tool named D10T1.

e Inthe Block form @ set Type - Feature before selecting Calculate.

_E

e In the Rapid Move Heights form — select Calculate.

o
e Open the Toolpath Strategies form&‘ and select 2.5D Area Clearance.
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e Select Feature Set Area Clearance and input data exactly as shown in
the following form.

. ™Y
cﬂ Feature Set Area Clearance @Igj
\ Toolpath name  D10t1-al

""" 1, Workplane [Feature set area clearance 1
-l Block
..... Il Tool Style
..... W Limit
= Feature set area clearance
& Offset
€l Wall finishing
& Unsafe segment removal Offset all -
Cut direction
T Approach Profile Area
T Automatic verification Climb - Climb -
—{lf Cutter compensation
..... &y Paint distribution Tolerance
----- 1._", Tool axis 01
:‘H'rf Rapid move heights
-1 Leads and links Thickness
@ Start point - 7]
05
@ End point @
D"'ﬁr Feeds and speeds Stepover
----- Motes
----- & User defined settings 21
Stepdown
Automatic - @ 5.0

[] Rest machining
Geometry position
Part R4

[Calcutate | [ Queue | [ 0K | [ Cancel |

e Select Calculate to process the toolpath and then Cancel the form.
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e Select Feature Set Profile and input data exactly as shown in the
following form.

R

.
.ﬁ Feature Set Profile

. Toolpath name  D10t1-a2

& \é‘-lfortplaﬂe [Feature set profile }
..... ] Tool Style

£-£9 Feature set profile o —
-l Cut distances <
& Wall finishing

&b Unsafe segment removal
= High speed

2= Order Cut direction
J Approach Profile Additional profiles
. T Automatic verification Climb - Climb
-fi Cutter compensation
..... 2 Point distribution alene:
----- 1% Tool axis 0.02
:‘d'ff Rapid move heights
-1 Leads and links Thickness
..qul Start point - 8]
0.0
d’ff End point E
[j---f_{, Feeds and speeds Stepover
..... Motes =
----- z. User defined settings L 2
Stepdown

Automatic v @ 1U.U|

[] Rest machining

Geometry position Slot cutting
Part - Keep left -
[Calculatel [ Queue ] [ 0K ] [ Cancel ]

e Select Calculate to process the toolpath and then Cancel the form.

Note the tool is plunging
directly onto the form down Z.
This situation will be changed
retrospectively by applying
appropriate options in the
Leads and Links form.
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e Select the Leads and Links form and for Lead In - 1st Choice select
Pocket Centre followed by Copy to Lead Out before selecting Apply.

r . Y
ﬁ Leads and Links m

| Z Heights | First Lead In | Lead In | Lead Out | Last Lead Out | Extensions | Links |

1st Choice 2nd Choice
Pocket Centre ~ | MNone -
Distance (0.0 Distance | 0.0
Angle | 0.0 Angle | 0.0
Radius | 0.0 Radius | 0.0
0.0 Overlap Distance (TDU) Ramp Opticns...

[¥] Allow start points to be moved
[¥] Add leads to short links

[¥] Add leads at tool axis discontinuities
Angular Thresheld 90,0

[¥] Gouge Check

Copy to Lead Out ] l Copy from Lead Out l [ Apply Lead Ins

[ Apply ]l Accept ] l Cancel ]

e Define a Dia 6 Drill - Length 50 and named Drill6.
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PowerMILL 2011

and select Drilling.

7 Feature Selection

2 |

Minimum Diameter

Maximum Diameter

Select By Diameter -

Diameter Selection Filter

0.00 All Holes

6.00

] b < [ +
Tolerance Component

001 Largest -

-

P

A

e Open the Toolpath Strategies form
¢ In the form select Drilling to open the form (below) and then click on the
Sele?t tab to open the Feature Selection form.
7 Drilling \ 7. e |
Toolpath name  Drills-al
. [Drilling ]
H _?_‘Dﬂ:‘k Cycle type Single peck -
= u Drilling Define top by Hole top -
g E:’;:zit:‘redu(m Operation  Drillto hole depth
oy Order il
-7l Automatic verificatio Clearance I i Start
{0} Cutter compensation 50 0.0
é__,‘; ;:s:da):ﬂsove heights ‘ Depth
1T Leads and links 400 400
-l Start point Duwell time
e"f End point 00
1 Feeds and speeds
Lo Tolerance
- gu User defined settings o1 |
Thickness
W3 0o g o
[¥] Drilling cycle output
ICaIcuIatal [ Queue ] I QK l [ Cancel ]
[

¢ Close the Drilling and Hole Selection forms.

In the Feature Selection form the Select tab is clicked to include all of the
defined holes in the Feature Set.
e Enter other data into the Drilling form exactly as shown above before
selecting Calculate.
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2D Machining Exercise

For this exercise the following 2D drawing will be used.
R100 ¢ 200 2150 THRU (4 100 700

[

O Ol |

S0e D'QAFT

000

500

10,0
g
s

O=o| [

00.0 350

e Delete All and Reset forms

e Import the 2D wireframe model (as shown above):-
C:\users\training\Powermill_Data\Models\2d_Wizard_Example.dgk

e Create appropriate Feature Sets to the above drawing dimensions.

1st Feature Set

The outer square and small
tapered, central upstand are
created as Boss Features.

The intermediate square is
created as a tapered Pocket.

The four Dia 15 circles are
created as Hole Features.

2nd Feature Set
The Slot Feature is best created
in a second Feature Set.

e Create a Dia10 End Mill named Em10 (Roughing, Semi-finishing of
main Pocket and Finishing of Slot Feature).
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e Create a Dia 10 Tapered Tipped tool named D10Tr3A5, with Tip Radius
3, Taper Angle 5Deg, Length 50, Taper Diameter 7.5 (Final Finishing
of tapered walls Main Pocket and small Boss).

{7 Tapered Tipped Tool Iilﬂ

Tip | Shank IHoIder |Holder Profile | Cutting Data IDescription |

Name D10Tr3A5 Tool Assembly S
Geometry r‘-‘Fﬁi @

|
[ ) | g Taper Angle i
N |
Length B |
250 ! Taper Height :
[ :
142876 |

Li J1 ¥
Tip Radius _/

20

Tool Status

Valid

%

/
/

Note:- To calculate the Taper Height based on the Taper Angle and base Taper Diameter
the Manual Input, icon I W adjacent to the Taper Height is clicked to apply the

Calculate option El to this parameter.
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Create a Dia 15 Drill named Drill15.
e (Create suitable 2D machining strategies to produce an end result similar
to that shown in the following ViewMill illustrations.

Suggested Strategies:-

Main Block and Central Pocket

1/ EMI10 - Feature Set Area Clear — Offset all
2/ DI10Tr3A5 - Feature set Profile

3/ Drilll5 - Drilling

The Slot will be machined independently from the main pocket and for this reason it is better
to define it in a separate Feature Set. Note; The Y dimension of the existing Block will have
to be adjusted to fully, include the Slot Feature.

Slot
1/ EMI10 - Feature Set Profile

Geometry position Slot cutting
Part - Keep left H

Keep left
Keep right

Width of Slot is achieved by creating multiple
toolpaths that use the 3 different Slot Cutting
options starting with Centreline.
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Creating Features from Model holes

As well as being able to use imported 2D geometry, Hole Features can be automatically
defined from selected Holes in the 3D Surface or Solid model.

e Delete All and Reset forms.

e Select File - Import Model:-
C:\users\training\Power MILL_Data\Models\corner_bowl.dgk

e Make sure the Block is not defined at this stage, as the top of the Hole
Features will be created at the nearest Z dimension (Max or Min) of the
Block. This is likely to result in some holes being created the wrong way

up (It is however possible to reverse a Hole Feature).

e Select the whole model.
e Right click over Feature Sets and select Recognise Holes in Model.

15) Feature Sets |
- Woarkplan
Eﬂ"-@ Levels an Feature Sets
- i Models Create Feature Set
Stock M
& Stock Mo Recognise Holes in Model EEEE—
----- _# Groups %
-3 Macros Import

¢ Input data into the Feature form exactly
as shown and select Apply.

[ Sﬂ Feature

A=)

Create | Edit | Component

Type
Hole

Use
Model

] Multiaxis

-

[T] Active workplane only
[7] Compound holes

[ Create from partial holes

Mame root
hl
Tolerance

01

Apply | |

Close
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e (Calculate a Block defined by a Box around the model.
e Undraw the model.

A Hole Feature is created for
each of the selected holes in
the model (including the
counter-bores).

¢ Define suitable tools, then drill and counter bore the holes using the
Drilling options.

Hole Capping

Hole Features can be used as the basis for capping holes in the model. If the intersection of
the hole and the top face is non-planar, PowerMILL will try and cap the hole with a curved
surface, matching the tangency of the surrounding surface. If it is not possible to create Hole
features because the holes are not exact, circular sections then it will be necessary to follow
the capping procedure in the Edit Boundaries chapter.

Example
The following example illustrates the process of capping cylindrical Hole Features defined
from a 3D model.

e Delete All and Reset Forms.

¢ Import the model:-
C:\users\training\PowerMILL_Data\ Block_with_holes.dgk
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e Calculate a Block defined by a Box around the model (In this case the
Holes will be created upside down).

e Select the whole model by holding down the left hand mouse button and
dragging a box over it.

Next Hole Features will be created from the model.

e st |

£ Workplan

Qf Levels and Feature Sets

e Select Recognise Holes in Model. g Modess Crente Festure Set
‘F' zt:;kp’:qol Recognise Holes in Model %

-8 Macros Import

The tops of the holes are defined as the
shortest distance from the top or bottom
of the material Block.

If Hole Features are created to a different
orientation from the natural Z Axis, They
are assigned to a new Feature Set. A new
Workplane is also created with the Z
Axis aligned to the new Feature Set,
Hole direction.

In this case the holes are created upside down to illustrate the Reverse Holes editing option.

El-§? Feature Sets
& ¥d
W8 1

i 1

- 2

- 3 Feature Set Editor...

- 4

e85 v Activate

- 6 Activate Workplane

[
-4 = . v | Draw Settings...
=5l 8 . ; ;
— 9 Add to Folder Edit 3 Arc Fit Selected
[EE
- Reverse Selected Holes
il Export Unlock Feature Set
-5 e Copy Holes to Pockets L\\’
EZI---Q? Levels and Se Rename Remove from Folder
(- Models Select Features... Delete Feature Set Copy Feature Set
Copy Feature Set (selected only)
&8 Stock Models Select Al
----- B GTDUFIS X Delete Selected Features

T Ay Select Duplicates

¢ Right click on Feature Set 1 and in the menu click Select All followed by
Edit - Reverse Selected Holes.
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¢ Finally, select the top surface, then in the explorer, right click over
Feature Set 1 and select the Cap Holes option.

The new cap Surfaces will be generated (Tangential to the selected top surface) in a new
model called Capping Surfaces created along with a new level of the same name.

El 1:P Feature Sets

e  Click the light bulb to undraw Feature Set 1. ——=—¢ Rl
- A workplanes

EI Q‘ Levels
e Expand Levels by clicking on the + symbol” o £3 Block with holes
P Q Zapping Surfaces
e Click the light bulb to undraw main surfaces. —% I odels

The new capping surfaces may be created inside out (Surface Normals reversed). If
required they can be selected and from the local surfaces menu Reverse Selected can be
applied.

Note; the Capping Surfaces are automatically assigned to the new Level for easy selection.

e Click on the light bulb to draw the Block with holes level back on.
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Creating Features from a 3D CAD Model
e Delete All and Reset Forms.

Import - 2DExample.dgk from Examples.

Calculate a Block defined by a Box around the model.
e  Select the Two surfaces shown (below).

e Inthe explorer right mouse click on Feature Sets and from the local
menu select Create Feature Set.

e  Rename the Feature Set as Example2.

E‘Ep Feature Sets
e 7 ﬂ = Example2

r(j!erature l@ ﬂh‘

Type Mame roo t
Pocket - fl

Drraft angl
[¥] Smart creation 0.0
Define top by
Top of block v| |00

Apply ] [ Close

¢ In the Feature form input Name root - F1 and select Type Pocket.

e Input Define top by - Top of Block and Define Bottom by - Minimum
curve Z and Apply to create the Features.

e Create a Dia 20 End Mill named EM20.

From the 2 selected Surfaces a total of 5

Features are created (2 large Pockets and 3
circular Bosses).
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e Select the Feature that does not include the 3 Boss Features.

e From the Strategy Selector select the 2.5D Area Clearance tab.

e Select Feature Set Profile and input data exactly as shown in the
following form.

rg‘ﬂ Feature Set Profile L2 e |

) Toolpath name  Pockets-2Dfin

& \B'T‘"tp'a”e [Feature set profile }
4 Bloc
U Tool Style

088 Limit
[—jg Feature set profile

AU Cut distances r @
@4 Wall finishing
“ Unsafe segment removal

= High speed

-~ Order Cut direction
LT Approach Profile Additional profiles
"W Automatic verification Climb - Climb
;ﬂ; Cutter compensation
. Point distribution Tolerance
1% Tool axis 0.02
E‘;" Rapid move heights
-7 Leads and links Thickness
.l Start point . g
0.0
d‘/f End point E
-y Feeds and speeds Stepover
- [=| Notes =
z. User defined settings L il
Stepdown

Automatic - @ ]

[] Rest machining

s

Geometry position Slot cutting
’ Part A Keep left -
ICaIcuIate] [ Queue ] [ 0K ] l Cancel I

\

e Apply and Cancel the form.

e Save the Project as:-
C:\users\training\COURSEWORK\PowerMILL-Projects\2Dtest

e Do not close the Project as it is to be continued in the next section.
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Area Clearance Cutter Compensation
There is an additional option for applying Cutter Compensation to a toolpath available from
the Expert arca of the Area Clearance dialog.

e Activate the Toolpath Pocket-2DFin

e Select Settings to open the toolpath form and then select the make a
Copy option.

e Rename the Toolpath as Pkk1-2DFin_FullRadComp

e With the Feature Set Profile strategy form active select the Cutter
Compensation page (as shown below)

4 Feature Set Profile @Ii—hj
Toolpath name  Pkt-2DFin-WearComp

----- 12, Workplane
- i Block

..... |_| Taol
o8 Limit [¥] CNC cutter compensation

[Cutter compensation 1

-Q Eiatg":;#tpfofile Type Full radius -
il Cut distances
""" @ Wall finishing Minimum radius 01

A Unsafe segment removal
----- ﬁF High speed
& Order

T Approach

e Make sure the CNC cutter compensation box is ticked, and set Type -
Full radius with Minimum radius 0.1

e Select the Leads and Links page and select E to open the main Leads
and Links form.

Set Lead In/Out as Horizontal Arc left - Radius 10 - Angle 90

Set Extensions - Inward/Outward - Extended Move 10

Accept the Leads and Links form.

Apply the main Feature Set Profile form.

The effect of the Cutter Compensation is not
visibly displayed in PowerMILL for this type of
2D Strategy but is applied during post-
processing for the ncdata output file.
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e Select the Settings of the toolpath and make a Copy.

e Set the Cutter Compensation - Type to Wear and Recycle the toolpath.
[ 1] Feature Set Profile X 1

Iﬁ] Toolpath name  Pkt-2DFin-WearComp

..... 12 .
iz, Workplane [Cutter compensation 1
i Block
..... |_| Tool
_____ o Limit V| CNC cutter compensation
—Q Feature set profile Type Tool wear .
LI_LI Cut distances
-l Wall finishing 01

ﬂ Unsafe segment removal

s Order
Approach
W8 Automatic verification

e Create a separate NC Program for each of the 3 strategies using a Heid
option file

Note:-

The X'Y positional cutting moves for the Full Radius compensation are dimensionally on the
actual 2D Feature form.

The X'Y positional cutting moves for the Tool wear compensation, dimensionally relate to
the tool centre position. The NCDate file includes an RL code to enable the operator to input
small compensation values as required.

Protected Cutter Compensation

With Type Wear selected PowerMILL compensates for the nominal tool radius and the
machine tool compensates for any difference. It corrects for the limitations of the Off option
by ensuring that, in concave corners, a Minimum Radius field controls the size of the arc in
corners after a tool radius offset.

Most machine tools will then be able to accurately represent the contour in concave corners.
This allows PowerMILL to use the nominal tool size to check for collisions, but last-minute
corrections for the physical tool size can be applied on the machine.

Protected compensation is naturally applied up to the radius of Active Tool. Provided the
machinist does not use a compensation value (On the Machine tool controller) greater than
the radius of the Active Tool use in PowerMILL, then potential gouging in the corners will
be prevented.

SR

(Protected)
Toolpath Radius
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Thread Milling

Thread Milling is included as one of the Drilling options.

If the Cycle Type - Thread Milling option is selected, the tool plunges
centrally to a specified depth, leads on to the sidewall, and then
pitches upwards before leading off.

Within the options it is possible to apply a number of passes (stepping
outwards by an allowance value) to avoid tool overload. It is also
possible to choose either a Right Hand or Left Hand thread.

e Select File 9Delete All and Tools = Reset forms.

e Open the Project:-
C:\users\training\PowerMILL_Data\Projects\ThreadMILL1-Start

&% PowerMILL Warning: zl

Project ‘ThreadMILL 1-5tart’ is open read-only.
! It is being edited by user 'dfb' on computer 'DELCAM/DFED.

It can be saved only under another name, using 'Save Project As..."

The imported Project basically contains a Cad model, a predefined Hole Feature, a 3D
Offset Area Clearance strategy using a Tip Radius cutter, and a Thread Milling tool. The
original Project is Locked to prevent it from being altered, hence the first step is to Save As
a separate Project locally with a different name.

e Select File - Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\Thread MILL-Examplel

e Activate the Thread Milling Tool named M40-Coarse-Pitch-5.
e Activate the Pocket Feature around the centre wall of the component.
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e Select Toolpath Strategies® and in the Strategy Selector form select
Drilling.

. Y
3& Strategy Selector m

| Favouritesl MyStrategies | 2.5D Area Clearance | 3D Area Clearancel Blisks ‘ Drilling |Finishing e

E E3ER) <

SﬂCUuﬂtErbUrEd Tapped Preview

£ New Drilling Method
:._‘.Rplaln
5 Screws

::ﬂTapped Counterbored
& Tapped

b

¢ In The Drilling form set the Cycle Type to Thread Milling, Radial
Thickness -3, Pitch 5, Name M40-RH-Thread, leaving all other
parameters as default (as shown below).

- B
) Drilling L2 [
Toolpath name  M40-RH-Thread
-l Holes [Drilling |
k Workplane
- Block Cycle type Thread milling -
-1 Tool
E—|_| Drilling Define tep by Hele top -
=i Retracti .
e !Un Operation Drill to hole depth -
£ Threading
o Oder | T
-Tg Automatic verification Clearance Start
{0 Cutter compensation 5.0| 0.0
}_‘f Tool axis T Denth
=] Rapid move heights ums il
@17 Leads and links Lo L
q-": Start point Pitch Dwell time
i End point 50 00
--fr Feeds and speeds
- Motes
Tolerance Direction
- User defined settings
& 8 01 Climb =
Thickness
W30 0 oo
[] Draw [¥] Drilling cycle output
[Calculate] [ Queue ] [ QK I i Cancel ]
\,

e Calculate the form to produce the Thread Mill toolpath and then Cancel.
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e (Create a new Block using Defined by Boundary along with Type
model and Calculate to the exact component dimensions.

e  Right click on the toolpath D50t6-RGH-a1 (Do not Activate it) and in the
local menu select Simulate from Start.

e  Open a new ViewMILL session and run a simulation of both toolpaths.
(Do not Activate either toolpath, so that the current Block definition is
maintained).
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PRO - 2D Machining Options

Introduction

PowerMILL Pro contains 4 new strategies designed for more efficient 2D Machining
applications. These include:-

Face Milling.

2D Curve Area Clearance.
2D Curve Profile.
Chamfer Milling.

b

2D Curve Machining Example 1

e Select File @Delete All and Tools = Reset forms.
e Open the Project:-
C:\users\training\PowerMILL_Data\Projects\Pro-2DMachiningStart

GE PowerMILL Warning: 1'

Project ‘Pro-2DMachiningStart’ is open read-only.
l . Itis being edited by user 'dfb’ on computer 'DELCAM/SCZ'

It can be saved only under another name, using 'Save Project
As.)

The imported Project contains 4 Tools and 3 Patterns defining the 2D geometry to be used
in the 2D Machining options. The Project is Locked to prevent it from being altered hence
the first step is to Save As a separate Project locally with a different name.

e Select File - Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\PRO-2DMachining

e Activate the Pattern named CurveAll.
e In the Block form, set Defined by - Box followed by Type - Active
Pattern and select Calculate (Do not close the form).
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e Inthe Maximum Z Coordinate box input 22 before selecting Accept to
close the form.

& Black ll‘—r
Defined by  Box v

Coordinate System

Active Workplane -

Limits
Min Max Length

X 00 1550 1550
v 00 oo 1000
00

Z 00

Cylinder Parameters

5 00
500
Estimate Limits
Tolerance 0.1 T
Include referentemw 3
Expansion 0.0
Draw [¥] Opacity 1}

¢ In Rapid Move Heights click on Reset to Safe Heights.

¢ Activate the Face Milling tool named D50T6.

e From the 2.5D Area Clearance options select Face Milling and enter data
into the form exactly as shown below.

P 5
Sﬁ Face Milling &I_Jd:h
Tecolpath name  D50t6-FaceMill-Z20

.12, Workplane [Face m||||ng ]
i Block
-] Tool Face definition
_jg Ezcec:::l‘:tgances Face Z position (z) XY expansion (€]
.l Finishing «0 50

Enaagement feed rate (%)
T Automatic verification

100.0
Rapid move heights
17! Leads and links
e"f Start point Tolerance Style
e"f End peint 01 Two way -
+- {7 Feeds and speeds T

Motes

E.. User defined settings 350

[Calculate] [ Queue ] [ QK ] [ Cancel ]

e Select Calculate to process the toolpath.
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Activate the Tip Radius tool named D16T3.
e From the 2.5D Area Clearance options select 2D Curve Area Clearance
and enter data into the form exactly as shown below.

. h
c.'ﬁ Curve Area Clearance L ? g
) Toclpath name  D16t3-2DCurveAC

& ;Tortplane [Cun.fe area clearance 1
oc
I] Toal Curves definition

"9 _L area clearance I,\\) [CUNEPOCket; v]

JI| Cut distances

o)

Position A -

%l Finishing
i Draft
@ Offcet Lower limit
.. High speed 100
. Order
.. J Approach Style

... Tl Automatic verification Offset o
LU’; Cutter compensation
& Point distribution
l: Tool axis

gf Rapid move heights
-1 U1 Leads and links
@il Start point

e','f End point Tolerance Cut direction
-y Feeds and speeds 0.01 Climb -
- Notes

2‘ User defined settings Curve thickness

10

Stepover

[] Rest machining

[Calculate] l Queue ] [ QK ] [ Cancel ]
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e Select the Cut distances page and input Stepdown 10.

7 Curve Area Clearance @I—Jih
Toolpath name  D16t3-2DCurveAC
""" 1, Workplane [Cut distances 1
-l Block
..... |___| Teool
..... o8 Limit Vertical
=75 Curve area clearance Extent Mumber of cuts

i L|_L| L\\) Mumber of cuts 5

@) Finishi

% Dml:t ing Stepdown ()
. ra

- Offset =
= High speed

AV Order Horizontal
- T Approach Stepover

- T Automatic verification 2.0

.l Cutter compensation

¢ From the main Curve Area Clearance page, Curve options, select
Interactively modify machinable sections. 3y

These options enable the user to have full control of direction of cut and the areas to be
machined.

-

Edit Machining Sections

;‘E}i ﬁ-\ﬂr {E}h E’Eﬁ}{ {K‘

Note: While the Curve Area Clearance form is open, the areas to be machined are displayed
as a shaded preview.

e Select the Green Tick to exit the Edit Machining Sections toolbar.
e Select Calculate to process the toolpath and then Cancel the form.
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Activate the End Mill na

From the 2.5D Area Clearance options select 2D Curve Profile and enter

data into the form exactly

med EM16.

as shown below.

9. Feature sets /2D machining

s
cﬂ Curve Profile

2 |

'

Toolpath name  EM16-CurveProfile

--12, Workplane
- Block
IJ Tool
g Limit
Il Cut distances
€U Finishing
da Draft
- Offset
-7 High speed
2 Order
-3 Approach

5\[1; Cutter compensation

< Point distribution
--1# Tool axis
=] Rapid move heights
T Leads and links

& Start point
- End point
-y Feeds and speeds

= Notes
& User defined settings

--Tg Automatic verification

[Cun.fe profile

Curves definition

Lower limit

100

Style

Taolerance

0.01

Curve thickness
0.0

|| Rest machining

Pasition é} -

Cut direction
Climb -

[ Calculate | | Queve | [ ok | [ Cancel |

e Select the Cut distances page and input Stepdown 25.

Curve profile
Ul Cut distances
@4 Finishing

Draft

Select Calculate to process the toolpath and then Cancel the form.

Stepdown (t)

B =

Issue PMILL 2011
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e Activate the End Mill named D25TrA45.
e From the 2.5D Area Clearance options select Chamfer Milling and enter

data into the form exactly as shown below.
P |

& Chamfer Milling
Toolpath name  D25Ti1A45-2DChamfer Position @ l : ]

--12, Workplane [ e 1 n . m
@ Block Chamfer milling Cut direction
1) Tool Curves definition Conventional B
@8 Limit _ 3
Chamfi -
Bl Chamfer milling [ s I / 4
J Cut distances Position ﬁ <4
; @ Finishing
g D . o Tolerance Cut direction L.
% Autematic VErI.fICEtIOI'I 001 Conventional - Set Clll‘Ve pOSlthH tO
L[l; Cutter compensation
&% Point distribution Bottom
l_: TUU_I g X Curve thickness
=¥ Rapid move heights o
-1 Leads and links .
<81 Start point - Tool position
‘,‘-f End point Chamfer definition
-y Feeds and speeds Angle defined by Chamfer anale
MNotes 'E' - 45.0 ﬁ"’% 10
gy User defined settings —
Width Depth %_)
50 5.0
Tool p:it—il;;—’/_/"' ﬁwt
.
Set Bottom axial depth

[ Calcutate | [ Quewe | [ ok || cancel |

e Select the Cut distances page and input Number of cuts 1.

----- 1z, Workplane [Cut distances 1
i Block
|] Tool
..... o Limit i
E‘]I_:J Chamfer milling Extent Mumber of cuts
_____ Ul Cut distances MNumber of cuts 1
..... Finishi
% inishing Stepdown (t)
..... 2 Order 50
..... Ta Automatic verification .

e Select Calculate to process the toolpath (Do not close the form).

The resultant Chamfer
Milling strategy has
appeared on the wrong side
of the Pattern.

The toolpath needs to be
recycled with the Chamfer
Milling tool tracks changed
to appear on the inside of
the Pattern segments.
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¢ In the Chamfer Milling form, select the Recycle icon to enable changes
to be made to the above strategy.

e Select the Interactively modify machinable sections icon to access the
Edit Machinable Sections toolbar.

e Select the Reverse machining side option, followed by the green tick to
accept the changes and close the toolbar.

Edit Machining Sections

[Chamfer milling ‘ | | ‘]
SR EES v X

Curves definition
[Chamfer v] . Ei @

Position

¢ In the main Chamfer Milling form, Select Calculate to process the
toolpath (Do not close the form).

The Chamfer Milling options selected result in the angled part of the tool overlapping the
base of the Chamfer by 1mm.

1.0 Overlap

A surface model of the finished component has been imported to provide a visual check of
the Chamfer Machining. The Imm tool overlap at the base of the chamfer is clearly visible

in the above illustrations.
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e Run a ViewMILL simulation of the whole machining process.
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2D Curve Machining Example 2 — Inc. Clamp Avoidance

e Select File »Delete All and Tools = Reset forms.
e  Open the Project:-

C:\users\training\PowerMILL_Data\Projects\2DCurveProfileEX2-Start

@ PowerMILL Warning:

Project '2DCurveProfileEX 2-5tart is open read-only.
! Itis being edited by user 'dft’ on computer 'DELCAM/DFEL'.

It can be saved only under another name, using 'Save Project As...'

The imported Project also contains a Dial6 End Mill and a Pattern defining the 2D
geometry used in the existing 2D Machining Strategy. The Project is Locked to prevent it

from being modified, hence the first step is to Save As a separate Project locally with a
different name.

e Select File - Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\2DCurveProfileEX2

¢ Inthe Viewing toolbar ensure that Wireframe view is on.

The existing preliminary, Toolpath machines away the area where the clamps are located
ready for the remaining strategies.
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e Select an Iso1 view and perform a ViewMILL simulation on the existing
toolpath.

The existing preliminary, toolpath
(MC-ClampArea-1) requires the 4
clamps to be positioned midway
along the sides and ends.

Once this machining operation has
been performed, the clamps are then
moved to the same position as
defined by the wireframe Model.

ViewMILL * from the simulation process (Toggle the Sphere from
Green to Red)

e Select the No Image option in the ViewMILL toolbar and disconnect

e Select a View from top (2). ‘_r

e Undraw all entities except the Block and the Pattern (OuterForm).

The above Pattern segment was created by using Insert - Model with the required
wireframe segment.selected. The same Pattern will be used in the creation of the next
Toolpath.

e From the main pulldown menus select:-
Draw - Cursor - Cross Hair (Ctrl H) and Draw - Cursor - Tool (Ctrl T).

This will provide an essential visual aid while defining the parts of the toolpath Pattern to be
machined. Note: Alternative Shortcut options are shown in brackets.
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e With the toolpath (MC-ClampArea-1) activated select Settings (local

menu) to open the existing Curve Profile form. r
e At the top left corner of the form select the ‘Make a Copy’ option.
rd:'ﬂ Curve Prcfile @l¥r
Toolpath name  MC-Clamphrea-2
1.4 :z;tp'a”e [Cun.-‘e profile 1
..... 1] Tool

Curves definition

""" " = -] (5] =) oR)
iy |QuterForm ]
U Cut distances Position /f:} -
£l Finishing
A& Draft Lower limit
- Offset

- High speed 200
2% Order
-J Approach

Style

-.{li Cutter compensation

----- < Point distribution ‘
..... 1 Tool axis

.= Rapid move heights
@171 Leads and links
.4l Start point

@ End point

- Feeds and speeds
----- - Motes

----- 2. User defined settings

Tolerance Cut direction

0.02 Climb -

Curve thickness
00

[T] Rest machining

== =

[Calculate] [ Queue ] ’ QK ] ’ Cancel ]

A

e Rename the new toolpath as MC-ClampArea-2.

|

L

Note:-The Tool Dia and Cross
Hairs are displayed on the
cursor. This will provide an
essential visual aid while
snapping new break points along
the Pattern.

T
Y,
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PowerMILL 2011

) L & <

@ ]
2

] hod

> <@ L v

] ]

The sections of the Pattern
included in the original toolpath
are displayed, along with the
user defined, Start (green) and
End (red) points.

e Using the left hand mouse button (With the cursor visually assisted by
the displayed Tool and Cross Hairs) reposition the Start and End points

along the Pattern as shown below.

Edit Machining Sections

When defining the Start and
End points along the Pattern
allow room for suitable Lead

L L - u
4. /—_;\]\ \Q
e o

with the clamp profiles.

moves.

Select the green tick to accept the ‘user defined’ toolpath segments.
Select Calculate in the main Curve Profile form to create the toolpath.
Select OK to lose the Curve Profile form.

Use toolpath Simulation to visually check that the tool does not clash
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e Reconnect the ViewMILL session (Green Sphere) and visually check that
the new toolpath is not missing any material where the original toolpath
overlaps.

2D Curve Machining Example 2 — Without Clamp Avoidance

e With the toolpath (MC-ClampArea-2) activated select Settings (local
menu) to open the existing Curve Profile form. F
e At the top left corner of the form select the ‘Make a Copy’ option. ﬂ

e Select =t to open the Curve toolbar.

Edit Machining Sections

o> - .
The sections of the Pattern

P % included in the original toolpath
are displayed, along with the user
defined, Start (green) and End

:; y (red) points.

e To return the machining range to include the whole Pattern, click on

Remove selected machining sections ® * (Note: This is the default
setting).

e Select Mark all segments for machining. ﬁ.
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Edit Machining Sections

S R % BES 9 . If the Curve Profile strategy is used

from scratch, the Mark all sections for
machining option must be selected to
provide full control over which side and
Y sections of the Pattern are to be
L y machined.
Note the machining preview shows that
the wrong side of the curve is currently
- selected (yellow sphere).

e Select the Reverse machining side option. " ®

e Select the green tick to accept the ‘user defined’ toolpath segments.

dﬂ Curve Prefile @Ié]
Toolpath name  MC-Clampérea-2_1
% ;‘;’”t”'a”e [Cuwe profile 1
oc
1] Tool

Curves definition

88 Limit = 7|
257 Curve profile [OuterForm v]
LI_LI Cut distances Bt -
@ Finishing /Q?
& Dreft Lower limit
-&» Offset
7 High speed 00
~ Order
- ¥ Approach

Style

..... Ty Automatic verification

= .
;ﬂ)- Cutter compensation < -
.4 Point distribution
-1 Tool axis

=7 Rapid move heights
@171 Leads and links

Tol irecti
. Start point olerance Cut direction
- End point 002 Climb -
(-5 Feeds and speeds Curve thickness
MNotes

00

-

- gy User defined settings

[T Rest machining

[ calcutate | [ Queue | [ ok | [ cancel |

Select Calculate in the main Curve Profile form to create the toolpath.
e Select OK to close the Curve Profile form.
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This time the whole Pattern is used to define the range of the machining. This is the default

option when Mark all sections for machining ¥ *

4

is selected followed immediately by the

Green tick.
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10. Tool Holder Collision
Checking

Collision Checking

Collision Checking can be applied retrospectively, as long as a tool Shank and Holder are
defined with the Active Tool. If the option Verify - Collisions is applied, two additional
toolpaths will be created from the original, one being collision safe, and the other being in
collision. At the same time a copy of the Tool with a suitably extended Overhang will be
substituted into the Original and Collision status toolpaths.

Select File - Delete all and Tools - Reset Forms from the top menu.
Import the model:-
C:\Users\training\PowerMILL_Data\Models\cowling.dgk

e (alculate the Block to Min/Max limits.

e Reset Rapid Move Heights and the tool Start and End Point.

e (Create a Dia Smm Ball Nose tool Named BNS with a Length of 10 and Tool
Number 1.

[ Ball Nosed Tool )

Tip | Shank |HOIder |Ho|der Profile | Cutting Data | Description

Tool Assembly
Name EMN3 ——
Geometry mﬁi 2@

vy NL/

|
|
|
|
|
|
|
.
=af L |
I
|
|
|
|
|
|

5.0

Diameter

Tool Status  Valid

Tool Number 1
Mumber of Flutes 1
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e Select the Shank tab. ﬂ

¢ Select Add a shank component.
¢ Fill in the form exactly as shown in the image below.

) Ball Nosed Tool (2 [

| Tip ‘ Shank |Ho|der | Holder Profile | Cutting Data |Description |

Components Tool Assembly

| L N TE
e == |

Dimensions

Upper Diameter 5.0
Lower Diameter 5.0

Length 20.0

Cutting length | 10.0

Shank length 20,0

Close

e Select the Holder tab.
e Select Add holder component. ﬂ
¢ Fill in the form for the first Holder element exactly as shown in the image below.

[ & Ball Nosed Tool - e | . :
G Ball Nosed Too A picture of the current active
| Tip | Shank | Holder |Ho|der Profile | Cutting Data | Description TOO] iS dlSplayed on the rlght
Components Tool Assembly hand side of the dialogue.

Holder Mame 1

L HE
*EEE B @E

Dimensions

H% Upper Diameter - the
diameter at the top of the
current section of the tool
Holder. This must be greater
than or equal to the Lower
Diameter.

Lower Diameter — the
diameter at the bottom of the
current section of the tool
Holder. This must be less
than or equal to the Upper
Diameter.

Length — the vertical height
of the current Holder

Upper Diameter 200

Lower Diameter 12.0

Ignere[]

Owverhang  15.0

Gauge Length  30.0

. ____+______________________

|
|
|
|
|
|
|
| Length 2,0
|
|
|
|
|
|
|

— element.
Overhang — the length of the

cutter protruding from the

base of the Holder.
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Select Add holder component.ﬂ

[

¢ Enter an Upper Diameter of 22, a Lower Diameter of 20 and a Length of 10.

¢ Select Add holder component.ﬂ

¢ Enter an Upper Diameter of 30, a Lower Diameter of 30, a Length of 10 and
an Overhang of 15.

e Select Save tool holder |ﬂ in C:\Temp with a File name as ToolHolder

1.pmith.

(" Ball Nosed Tool P | ) | .. . .
G Bal Nosed Too If it is required to modify or
| Tip | Shank | Holder |Holder Profile | Cutting Data | Description delete a Holder element, select
Compenents B e (left click) on one of them in
Holder Name 1 r’m %

| the assembly illustration and it
i will turn pale. The current

I values for that element will be
! displayed and available for

! modification.
|

|

|

|

1)
EEE0E B

Dimensions

Upper Diameter 30,0 .
The same procedure applies to

L Diameter 30.0 1
ower Diameter modify Shank elements.

Length 100
Tgnore [ b, After creating the tool Holder
Overhang 15.] i} you save it. It can then be
Gauge Length 370 ~—T loaded at a later date to check
[T further toolpaths for collisions
k:.-ﬂ if required.

Close

e Select Close. @
¢ Select Toolpath Strategies on the main toolbar.
¢ From the Finishing options select a Raster Finishing strategy.

.c."i Strategy Selector M
| MyStrategies | 250 Area Clearance | 3D Area Clearance | Blisks | Drilling | Finishing | Legacy | b [
£ 3D Offset Finishing /@ Projection Line Finishin E o}
gCDnstantZFinishing %Projection Plane Finishi
!|C0mer Finishing @ Projection Point Finishil| — Preview

EJCDH"IEF Multi-pencil Finishing \%'}Projection Surface Finis
pComer Pencil Finishing ERadial Finishing

= Disc Profile Finishing

\QJ')Embedded Pattern Finishing (“% Raster Flat Finishing

g Offset Flat Finishing ?}Rotar}f Finishing

&2 Optimised Constant Z Finishing Spiral Finishing

Eparametric Offset Finishing QSteep and Shallow Finis
Pattern Finishing wSurface Finishing

izl Profile Finishing £\ Swarf Finiching
v@Projection Curve Finishing C_.,LWireframe Profile Mach
4| i | r

OK ] [ Cancel
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¢ Enter a Name as RasterFinish, an Angle of 45 and Stepover of 1.
Select Lower Left as the Start Corner.

e Select Leads and Links. m

e In the Leads and Links dialog box, select the tab Lead In and set the 1% and ond
Choices to None.

¢ Do exactly the same in the Lead Out tab.

¢ In the Leads and Links dialog box select the Links tab, enter a Short/Long
Threshold of 2, set Short to Circular Arc and Long to Skim.

. h
ﬂ Raster Finishing 2 g
) Toolpath name  BMNS5-RasterFinish

5 ;\;’ortpla"e Raster finishing ]
(+]n

""" 1) Teel Angle 450

_____ 8¢ Stock engagement Start corner  Lower left o
[_]E Raster finishing
-.JF High speed

Perpendicular pass

Perpendicular pass [ |
L. Ty Automatic verification b &

oint distribution Shallow angle | 30.0

Optimi llel
= Rapid move heights plimise parallel pass

-1 Leads and links

- Start point Sty
- End point Style Twoway M
- Feeds and speeds Arc radius [ 00
----- ~ Motes
----- & User defined settings Tolerance

01

Thickness

Stepover

@ 10 _\_ [0102082

oo
lCaIcuIateI ’ Queue ] ’ QK ] ’ Cancel ]

\

e Select Calculate to process the toolpath and then select Cancel.

The new, gouge free, Toolpath is
generated but at this stage no collision
checking has been applied in relation to
the Shank and Holder.
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B’ 83 @ﬁriﬁﬁ@”ﬁ@ﬁﬁ @r @RasterFinishing A E‘(Em ﬁx X

¢ From the Main toolbar select Toolpath Verification. Ei

[ ) Toolpath Verificati (2 | 3 isi
G Toolpath Verification The two Check options here are Collisions and Gouges.
Check Collisions = Scope contains options to control which actual elements
Check Against of a toolpath are checked.
Models -
Scope  All -

Split Toolpath
Output 5afe Moves

Output Unsafe Moves

Reorder Toolpaths [
[¥] Split Mowves

Overlap 0.0
Minimum Length 0.0

Head Clearance 600.0
[ Verification Thickness

00

Collision Options

Replace Tool (o] Shank Clearance and Holder Clearance, allows the
Shapiasse) 10 user to specify a value for an additional, safe thickness

holdsiuieasad] ¥ around the tool Shank and Holder elements.

Calculate Collision Depth
Adjust Teol [¥]

Draw Unsafe Moves
[ Apply ] [ Accept ]

¢ For both Shank Clearance and Holder Clearance input 1.
e Select Apply.
e Select OK.

- N
7 PowerMILL Information: @

In this case PowerMILL has detected that
0 with the current tool Holder and Shank
Y ca th holder found to a depth of 7.6 (holder- t1) : ol :
o Moin:;ounr;\;:‘gol oserﬁgnogu;fﬂo.ﬁare:ﬂiredo to a\roi?:l heorldc:rTEITiZieonns Settlngs COIhSlOHS Wlll be present at a
depth of 6mm. A suggested tool

o] Overhang of 21mm will be required to
oK
L) avoid this.

e Select Accept on the Toolpath Verification form.

-6 Toolpaths
-8 § BB BN5-RasterFinish PowerMILL has created two new toolpaths, BN5-Raster
-4 ¢ B BNS-RasterFinish 1 Finish_1 and BN5-RasterFinish_2. A new tool named
B--h--::.m:sg > BNS-Rasterfinish_2 BNS5_1 has also been created in the tools area of the
L1 BNS explorer. This new tool has been created with the new
: |:| > BN5._1 valid adjustments made i.e. Overhang 21.

Issue PMILL 2011 10.5



10. Tool Holder Collision Checking PowerMILL 2011

e Activate the toolpath RasterFinish_1 in the Explorer.

This toolpath only contains segments of the
original toolpath, RasterFinish, that do not
have any collisions so the original tool and tool
holder, BNS is still associated with it.

If your preference is to run with the shorter
overhang then you could run this toolpath on
these areas shown.

e Activate the toolpath RasterFinish_2 in the Explorer.

This toolpath contains segments of the original
toolpath that can only be machined with the newly
adjusted tool Overhang.

e Activate the original toolpath RasterFinish in the Explorer.

-4 Toolpaths

w-@ ¢ B BN5-RasterFinish

--. ¥ B BNS5-RasterFinish_1 PowerMILL has replaced the newly created Tool
-4 § B > BN5-RasterFinish_2 BN5_1 (with an extended overhang) into BN5-
-4 Tools RasterFinish and BN5-RasterFinish_2.

] U BMS

w- 5l >BN51

e Select File - Save Project As:—
C:\users\training\COURSEWORK\PowerMILL-Projects\Tool CollisionExample

10.6 Issue PMILL 2011



PowerMILL 2011 10. Tool Holder Collision Checking

Pro - Tool Holder Collision
Checking

Automatic Collision Checking

In PowerMILL Pro, Tool Holder Collision Checking can be applied during Toolpath
calculation.

If the Toolpath is calculated using a tool that includes a Shank and Holder any part of the
toolpath segments that would otherwise be in a collision condition will not appear. These
missing segments can then be machined later using a modified Tool in conjunction with a
Collision Safe Boundary.

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

e Open the Project:-
C:\users\training\PowerMILL_Data\Projects\ToolCollision_Start

[ cﬂj PowerMILL Warmning: M1

. Project 'ToolCollision_Start' is open read-only.
/B Risbeing edited by user 'dfb’ on computer'DELCAM/SC2.

It can be saved only under another name, using 'Save Project As...'

e Select OK on the PowerMILL Warning form.
e Save Project As:-
C:\users\training\COURSEWORK\PowerMILL-Projects\ToolCollisionPro_1

¢ Right click on the toolpath RasterFinish in the explorer.
e From the local menu select Activate followed by Settings and in the
Raster Finishing form select the Copy toolpath icon.

H
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e With the Raster Finishing form open, select the Automatic Verification
page % to open the following form.

r .
{4 Raster Finishing m

Toolpath name  RasterFinish_1

& :-lfortplane ﬁu omatic verification ]
oC]

----- [ Tool —
..... o8 Limit Head clearance 600.0|
----- Stock engagement
E—Jg Raster fingissing [¥] Automatic collision checking
= High speed
i gh sp!

i Shank clearance 1.0
LTy Automatic verification

-.4% Point distribution

----- 14 Tool axis

Haolder clearance 1.0

e Tick the box Automatic collision checking and for both Shank
Clearance and Holder Clearance input 1.0.

e Calculate the Raster Finishing form to directly create a collision free
toolpath, RasterFinish_1.

Note:- This method does not inform the user a of a recommended new Shank length for the
missing area or automatically create a new compatible tool (BN5_1).
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Collision Safe Boundary

10. Tool Holder Collision Checking

A toolpath for the remaining areas will require a new Dia 5 Ball Nosed tool with increased
Shank length. The additional Toolpath will be calculated to limits set by a Collision Safe

Boundary based on the current tool (bnS).

e Ensure that the tool BN5 is Active.
¢ In the explorer right mouse click over Boundaries and in the local menu
select Create Boundary - Collision Safe.

O i
4 Patterns
£ Feature 5|

- Workplar)

@ Levels an
- Models

‘ Stock Mg

¥ Groups
-E8 Macros

e Apply the form.

Boundaries

Toolbar...

Create Boundary
Paste as new Boundary
Boundary Mames

Folder Names

Batch Process
Invalidate All

Block

Rest

Selected Surface
Shallow
Silhouette
Collisicn Safe
Stock Madel Rest

&

(ﬂ Collision Safe Boundary l e
& MName 1
Holder Clearance 1.0 |:_|LimitBoundary
@) Inside
Shank Clearance 1.0 Outside
Tolerances
Tolerance 0.1 Block
Thickness 00 | Limit g -
0.0
g
Use Axial Thickness ||
Tool
U - BMN5 -
Apply ][ Queue ][ Accept ][ Cancel

The lower part of the central pocket is more suited to be finish machined using an End Mill.

e Select and Delete the 2 segments in the central pocket and the outer one.
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¢ In the explorer right mouse click over the Tool - BN5 and from the local
menu select Edit - Copy Tool (to create BN5-1).

= *f_*f Tools
w gl )ens
a4 gl =8NS
¢ Right mouse click over the new tool BN5-1 and from the local menu select
Activate followed by Settings.

[ & Ball Nosed Tool (.9 [ |

| Tip | Shank | Holder |Ho|der Profile | Cutting Data | Description

Components Tool Assembly

Holder Mame 1 Fﬂﬂﬁ
Y]]

Dimensions

Ignore

Overhang 250

|
|
|
|
|
|
|
|
|
|
|
! Gauge Length  42.0
|

L |

| =

Close

In the Tool Definition form select the Holder tab and change the

Overhang value to 25.0 before selecting Close.

Right click on the toolpath RasterFinish_1 in the explorer.

e From the local menu select Activate followed by Settings and in the
Raster Finishing form select the Recycle toolpath icon.

e Activate the new ‘long reach’ Tool BN5_1
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‘. g-‘
cﬂ Raster Finishing z
r. Toolpath name  RasterFinish_1

----- Workplane F—
5 Block [lelt ]

..... ol Limit Boundary
----- 3 Stock engagement e
=-88 Raster finishing g T Il 'l
:TF High speed Trimming
... T Automatic verification
..... < Point distribution
..... 1% Tool axis
- = Rapid move heights Block
-1 U1 Leads and links Limit ﬁ v
.om] Start point

Keep inside -

e Select the Limit page and select Boundary 1 with Trimming - Keep
inside.

% :“’tp'a”e Automatic verification ]
o

|| Toal

8 Lirmit Head clearance 600.0

-3 Stock engagement

B2 Raster finishing Automatic collision checking

----- - High speed Shank clearance 1.0
&Y comeic veiticaton
‘b.’ Point dictribution Heolder clearance 1.0

- 1% Tool axis

e Keep the previously used Automatic verification settings.

Note that Automatic Collision Checking is still active and as can be seen in the above
illustration there is no evidence of the toolpath being fragmented.
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