The Basics of Milling

Introduction

This chapter is specifically for those who have not yet experienced the Milling process and will
endeavour to explain the fundamentals i.e. Machine Tool Axis Configuration, Tolerance and Thickness,
Tool Stepover, Climb and Conventional Milling, Cusp Heights etc.

WHAT IS MILLING?

Milling is the process of cutting away material by feeding a workpiece past a rotating multiple tooth
cutter. The cutting action of the many teeth around the milling cutter provides a fast method of
machining.

THE MACHINE TOOL

In the present climate many different configurations of machine tool exist. Some machines have the
table/workpiece stationary whilst the X, Y and Z Axes move and others may be constructed to allow
the workpiece/table to be the moving part whilst the axes are fixed.

In any condition the X, Y and Z-axes directions are always configured the same.

The X-axis is always considered as the longest
axis, where X+ will be the table motioning to the
left and X- to the right.

The Y-axis moves from front to back of the
machine with the table motioning towards the
operator as the Y+ (positive) direction and away
being the Y- (negative) direction.

The Z-axis where the tool normally is located, has
the Z+ (positive) axis motioning up and away
from the workpiece/table and Z—- (negative)
direction down towards the workpiece/table.




Some machine tools possess further axes to allow greater versatility when machining complex
components.

There could be a fourth axis added e.g. Rotary Table or a five axis configuration. Both can be either
manual set-up (operator controlled) or computer numerically controlled (CNC).

3-axis motion normally involves linear moves along the three principal directions (x, y and z), with the
tool being at the same orientation for all moves.

In 5-axis motion there are normally two more rotary axes in addition to the three linear axes (and of
course in addition to the tool rotation about its centre line).

METHODS OF MILLING

There are generally two methods of milling, Climb and Conventional.

Climb milling, is sometimes referred to as Down milling, where the direction of the cutter rotation is
the same as the feed direction. This method is probably the most common option on the shop floor and
will normally produce a better surface finish.
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Conventional milling is also sometimes referred to as Up milling where the direction of the cutter
opposes the feed direction.

Conventional Milling
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TOLERANCE AND THICKNESS

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 Tolerance and
Thickness.

There are two independent locations for setting these values depending on whether the programmer is
performing an Area Clearance (Roughing) or Finishing operation.

The Tolerance controls the accuracy to which the cutter path follows the shape of the component. It
can be above or below the stated Thickness value.

The Thickness is the amount of additional material to remain on the component surface after
machining. Again this amount can vary depending on the current Tolerance.

WHAT IS ‘STEPOVER’

The Stepover can be defined as the distance a tool moves between adjacent toolpath tracks. The
distance or Stepover value determines whether the surface finish on a component is rough or smooth.

When using a flat-bottomed tool such as an End Mill, the Stepover value normally ranges from around
70% of the cutter diameter.

So a tool with a diameter of 10mm may have a Stepover of approximately 7mm.



When using a Ball nose cutter the Stepover will be considerably smaller when Roughing and Finishing
mainly due to the geometry of the tool.

A larger Stepover will ultimately give a more rough surface finish than a small Stepover.

WHAT IS ‘CUSP HEIGHT’

The Cusp is the height of material remaining after subsequent tool stepovers and is directly related to
the diameter of tool used, Stepover value, and the Tolerance and Thickness values.

Ultimately a very small Stepover using a Ball Nose cutter will give a smaller cusp height and smoother
surface finish than if a larger Stepover was used with the same cutter.
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The two diagrams here represent the difference in cusp heights.

Both use the same diameter Ball Nose cutter but the lower diagram shows a smaller Cusp height
because the Stepover is reduced hence a smoother surface finish.
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PowerMILL 1. Introduction

1. Introduction

Introduction.

PowerMILL isastand-alone machining package, which can quickly create gouge free cutter
paths on imported component data. Power MILL 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 Power MILL will directly import data
created by the majority of non-Delcam packages.

PowerMILL Environment E ;

Doubleclickonthe PowerMILL icon. PowsarMILL

Graphics Area

ﬁ,ff

Explorer area

- - - 1 ) - -
Pull Down menus are located across the top of the Power MILL window. By placing the
mouse over the menu and clicking with the left mouse key, this will open up the relevant sub
menu. Further selection can be done by moving the cursor along afight arrow ()

t
et L R e | e 8 RBEE R

&l
s, B
o - :
q = X
i I '
A P Nv '
% A cukn
| T -
i it Vo ey
[
S o
T L Er
= e i
&

The Main toolbar is as shown on the following page. Each icon has a specific function and
by holding the cursor over it, an appropriate description (or Tool Tips) is displayed.
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1. Introduction PowerMILL

! PowerMILL Pro 7.0 [ - None ]
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On theright hand side of the screen isthe Viewing toolbar. By selecting one of theicons a
different view of the model and global transform is displayed in the central or graphics area.

‘—L, View aong the X-axis
d View aong the-Y axis
LT View along the Z-axis
7l View along the -X axis
jﬂ View aong the Y -axis
. View along the-Z axis
ﬁ_:j Isometric View 1

@ Isometric View 2

T |sometric View 3

7 o

Isometric View 4

x Resize to fit

&+ Zoom In

Ej Zoom Out

o Zoom to Box

el

@ Last View

Refresh
2| Block
& qﬁ' % f%' o Vve O |'? Plain Shade and access to other shading options

1) Wireframe

b

Shade options from left to right:-

Thickness - Machining Mode - Default Thickness - Default Machining Mode - Draft Angle -
Minimum Radius - Multicolour - Plain
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PowerMILL 1. Introduction

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

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.

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 abox 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.

' Dptions Form 7|15

View Spinning- Dynamically rotate the view and quickly e v
release the mouse. The faster the mouse the faster it will spin. Wew | [mport | MG Programs
This feature is switched off by default.

CHmiamic Framanats
Kinimoum Framoraie | LO

SelectTools -> Options, selectthe View tab kil it L)

andtickthe option Spin View. \ e Lt [

Fek Fads |50

\qw;lp 1.1
Spit v

Mouse button 3: Special Menus & PowerMILL Explorer Options

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

Example 1
For the first exercise an existing model will be imported and used to illustrate some of the
basic visual display options.

SelectFile -> Import Model.

' Import Model =X
) - The open examples form
ék Lesed i | I3 menmplar - &= dthel .
Cahachmelata A phezhdge [ buchatogh appe_ars and ihelargeicon &g
| CaPamerrs TS _aets_teat, ok | T — provides access to an area
o Tapalibed S ke b gl _gramn:'a.m' il
% il gwmm:lm B within the PowerMILL
———— ;;:z-u_nwm;k Hl amrodg i tharmber . igs product software tree where
| 20t e aresckoh == bilaackard. ok chankess pral
Eh D xampks o BBk i {5 chanber- o sample models are stored.
F __ﬂ:a:;ﬁmdw ﬂEtH: g g m-.-rlres::hk Theicons marked 1 and 2
sk, i = btila, i T (el e £ .
% - - e ieabi s .|| can be customised by the
e P user to Io_catg areas where
datafor live jobs are stored.
Fiioh of ope: | A Filma [ w

Clickonthe eg icon. :ln

Selectthe phone.dgk modelandthenclickon Open.

The phone model is displayed as a wireframe viewed down the

_ Z-axis. Only part of the model isvisible, asit istoo large to fit in
i the current view. To display the whole model the Resize to fit

i  (H— icon in the Viewing toolbar is sel ected.

=, LR
Inthe Viewing toolbar, selectthe Resize to fit icon. @
I_l,-._r-—_':_"—_qh
[ &g
{ { ! The view of the model is scaled to the full screen.
|
M- | i
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PowerMILL 1. Introduction

Selectthe ISO 1 icon. @

Y ou can now see the entire model quite
clearly in an isometric wireframe view.
To seeit shaded you need to select the
shaded wire option.

Selectthe Shaded Model icon.

This displays the shading on top of the
wire. To remove the wire view and show
the model as shaded only, then click on
the pressed in wire button.

Selectthe Wire Model icon. ‘ E:;

By pressing the wire icon again, the
wireframe is hidden showing the model
only in shaded.

Clickonthe Shaded Model iconandthenclickonthe wire view icon.
Trythe other Viewing iconsand observethe results.
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1. Introduction PowerMILL

Sometimesiit is useful to be able to seeinside a model. In order to do this, the model can be
made translucent.

Selectthe Shaded Model icon. @

Right Click overthe Model andselect Translucency fromthe menu

Colour... ! Enter translucency {percentage)
Translucency. .. .

Skyle 3

Enterthe percentagetranslucency yourequire
(O percent = opaque, 100 percent = transparent)

The model is displayed in translucent shaded mode allowing the user to see internal details

Toretunto normalshadingsetthe translucency to Zero.
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1. Introduction

PowerMILL Panes

On the left hand side of the screen above the Explorer are the PowerMILL panes.

Fy I
3 NC Programs
& Toolpaths
¥ Tools
{7 Boundaries
F Patherms
_pj Feahura Setz
= Workplares

These are used extensively to help organise your machining. The
standard format pane is denoted by the PowerMILL symbol and
contains the explorer tree categorised into NC Programs, Tool paths,
Tools, Boundaries, Patterns, Feature Sets, Workplanes, etc.

& £ Levels

+ i Madek
& Stock Models
LF Groups

# =3 Macros

The second pane isthe HTML browser used for viewing HTML files or Help files and the
third pane opens the Power MILL Recycle Bin.

SelectFile -> Delete All.

PowerMILL Help
PowerMILL comes complete with it's own On-Line Help which is accessed viathe help
menu

Drae  Took

.3; ﬁ‘r :‘E‘ @ Conterbs. ..
— IR EE YT

"
Select Help -> What's New.

Check for PowerMILL Updatss. .,
Subrstribss 1o e PowirellL Mewsletier..
Wizit the Ussr Forum

Dats Transaton Ser«ices. .
Delcam on the Web b

Abwrat.. .

An summary of al the new functionality available in the current version of PowerMILL is
loaded into the html pane.
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1. Introduction PowerMILL

S 1o e P L Bt . Se|ectHe|p -> Contents

e e U P
T Traralston Farsnss

Calea mon B Wi ¥ PowrerMiLL
s HELF CONTEMNTS
DWERVIEW SCHEEN LAYDART  MAIN TCHIEHAR
Explaing tha
Genaral ;
layout of the Ureerview of the
mn:\rﬂmHT OUL | b oML main toolbar.
Sorean,
MIEHLES EXPLORER VIEW TOOLEAR

Oversiew of the - . :
M Crebrvsier of he Chargirg he viee
P L, - Explorer entties. | and onentaton

ebrcture

TOOL TOOLEAR | FROLBATH BOLINDARY
TOOLBAR TOOLBAR

e “rlpath o i’

Another extremely useful feature is the Context sensitive Help available on al forms.

@ = :ﬁ @ 1& Selectthe Feedrate iconfromthe toptoolbarto
— o bringupthe Feedrate formbelow

s

Rapkd {unitz/min) | 3000.0 Selectthe Questionmarkat the top of the form

Plhnga fnitz/min) | 100,
Cutting funits/mi) | 1000.0 \Igicursor will be displayed with a question mark next to it.

Spirdle Speed (pery | 15000
Drillireg funits/min) | 500.0

Coolant | Standard "

| socept | | cancel |

Clickon any of the whiteareason the form.

Rl et A dilwori. Mo il ba'eie bimioe, ol i
'

Help on that specific form or topic will be displayed

SelectFile Close Project.

Fraphfl -+ sy ppeasd o thy imol sviany morving ouechp gnd ra
A o g N
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PowerMILL 2. Machining Set Up

2. Machining Set up

Preparation before creating toolpaths

The following list isasummary of basic setting up procedures required before the tool paths
are created.

It isimportant to spend alittle time gathering as much information as possible about the
model before actually applying toolpaths.

Power MILL has some unique tools that allow parts of the model to be measured whether it
isagap or aninterna radius.

Various shading methods can also be used to get a quick idea visually of the minimum radius
and draft angles.

An imported model might be in an unsuitable orientation for machining in which case
PowerMILL alows the user to change the coordinate system as required.

Some of these methods will be used within the following chapter.

The following list could be used as a check list for setting up any job within PowerMILL
and generally represent the basics that should be followed before applying any tool paths.
Note:- Items 8 9 & 10 below can be redefined retrospectively on an existing tool path.

1. Loading a model into PowerMILL.

2. Viewing the model

3. Orientating the model around an Active Workplane whererequired.
4, Gather information on the model i.e. Minimum radius/ Draft angles.
5. Measure the model.

6. Material block definition.

7. Cutting tool definition.

8. Feed rate and Spindle Speed Settings.

9. Rapid Move Heights.

10. Tool Start and End Point.

11. Savethe Project.

1. Loading a Model into PowerMILL

A selection of sample model files are supplied and installed with Power MILL and these are
retrieved from a default directory called Examples.

The usual method of importing amodel into PowerMILL isby selecting File > Import
Model from the top pulldown menus.
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2. Machining Set up PowerMILL

iE Lexk o | L mvargesi oAl R v
Cyeach relmbs = soluh gk o bkt o
Pt == ok bisildck o brur ikl i 1 i
Eﬁ e . S TR e A variety of different typ.eﬁ of Model
=l Toarodel gk S chareaw it format can be Imported into PowerMILL.
— __!'.!.'-‘H_r\.-.q'r.-'.l:_l _H_n-:nrl._'.l-' Erh‘"""'-':l" ) i L
m Hn wrefamadgd kbl chamsir 2ul These can easily be discriminated on the
g Bk chawnbanTi . . . .
ﬁa, :.,.c;ersf,f ﬁwﬂu %ch.,.-.,.._.d-_; form using the filter Files of type to widen
@ e o e 1" or narrow the choice for file extension.
" Fnra |
Ficfbps  EEFd= | - Carcal |

Clickonthefile namespeaker_core.dgk andthenOpen.

nt

SelectView from top (2) — followedby Resize to fit
Viewing toolbar totherightof the graphicsarea.

=

fromthe

The model will be displayed (as shown) in the Power MILL
) ——{  graphics arealooking down the Z-axis with X aligned from left to
e - - right and Y from bottom to top.

z ol In most cases the X dimension of a machine tool table will be
] ] .FI_ greater than Y in which case the longer side of the component may

be in excess of thetravel limitsinY.

If thisisthe 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.

2. Viewing the Model
Although the model is displayed it isagood ideato look at it from all anglesto fully
understand its size and features.

SelectanisometricISO 1 view. r:ij

Although it is possible to rotate the actual component

thisis not the generally the most effective 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
= ispardléel with the front of the machine.

The original coordinate set-up can then easily bere-

activated for tasks such as checking dimensions.
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PowerMILL 2. Machining Set Up

3. Orientate the Model using a Workplane.

The model needs to be rotated to leave the longest lower front edge of the model aligned to
the front of the machine tool i.e. along the X-axis.

Note. It is best practise to create a Wor k plane (moveable datum) and Rotate it about the
model.

RightclickoverWorkplanes inthe PowerMILL Explorer andselect
Create Workplane.

#

£ Lk

o Mo

4 Skl Creats Workplans Workplanes are alternative or additional component datums
4 oroups  Workplans Mames b

W kplanes

L B M that can be moved and/or orientated within the global
Sy e environment. They are frequently used in 3 Axis machining and
_E::: n"m' are an essential item in the application of 3plus2 and 5-AXis
LF =& Al
machining strategies.
Creats Folder 9 €9
[adais Al

The Workplane creation and editing form will appear.

Mam= |
Active Warkplare v |
Aligr —
Draw [+]
Transform Copy [ E &
Absokite Pasition
X | 0.0 ¥ | 0.0 Z|0.0
Relative Position :
Xy Distance | 0.0
Rotate b
X Y £ trgle | 0.0
|  Accept |

For easy identification it is recommended to appropriately rename any entity created in the
Explorer.

In the aboveformmodifythe Name to Datum.
In the aboveformsetthe Active Workplane to Datum.
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2. Machining Set up PowerMILL

The next step will be to rotate the new Active Workplane to indirectly re-orientate the
model.

Note:- It is also possible (but not generally good practise in the long term) to Rotate and/or
move the actual model relative to the active coordinate system.

! Workplane

K Diadian
Activa Wockplange  Dakum |
1 Abgn
Dirars e
Transkarm I:dq:r;.:f E w Iil':!'
Abaaluts Paskion
Pelativa Bosiion
b o o Diskance | 0.0
Rk ats
XY 2z o9
Around £
.ﬁ.v.'-:nEI: |

Enter Angle 90.0 beforeselectingthe Rotate - Around Z icon.
Accept theform.

Selecta View from top (Z) andobservethe effectof the rotated, Active
Workplane producinga more suitable machiningpositionfor the model.

It will not always be necessary to create and rotate or move a Wor kplane after import into

PowerMILL. It depends on the original, orientation of the model when exported from the
CAD software.

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

Inthe explorer Rightclickover Models andselectProperties.

Lok .I._
L

B

o 5y

P oo
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Pty moi e Widks]

Impor Fords |

Impart Referencs Surfaoes
Saket ol

Salect Wire frames

Sploct Surfaces

Crealeact Al

o lact Duplicate Surfacss
Drscdoact Duplicatn Surfaces

Ty Opdtiore

gt a0 ..,

Sl ¥

RracT s SO iod

|'\.|

Do ke Bty Peicea b
Culets &l

The vaues in this form can be copied (Ctrl C) and then pasted (Ctrl V) into other forms.
The Workplaneis moved up in the Z plane so that it is situated at the maximum height of

the model.
The form shows that the current maximum Z value is 115.47048mm. It will be necessary to
move the Workplane by 115.47048 to position it at the maximum height of the model.

Model Properties
x

—T

[V ibmiation LI

-

Model: speaker_core E
-_

— F A S z :
Aizdioreos: =310 0025 =2 FE. OG0 =TT.02208
Hacedrea: 357D, Do Sd Lid.#53T 13547040
Compoapeer: (30
Compancnd Lresl Trpe
paa | cocd Surfwce
a0y L1 4] Aurfeas
F4a L UL Lol
20 (9114 Surfece

durfmce :'

::i-l/’ cuca

T &
Minimum: =330.00133 -236. 06035 -Te. 03208
Mo imum: 330.00023 113.59497F7F2

Highlightthe Maximum Z value(115.47048) by swipingoverit withthe left

mousebuttonand press Ctrl C onthe keyboardto Copy thevalueto the
buffer.

Eject the Model Properties formby clicking X in the top rightcorer.
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2. Machining Set up PowerMILL
Inthe explorer RightClickoverthe Workplane named(Datum) to access
the local pulldownmenu.
: Ty
8 i Frograns ! Workplane Ecd
-&‘b- o sty
'F Tonk Wam® | ogbam
{7 pounclaries active Workplare Datam
% Fatieme Align
j"FNh.I-'E Selx :lrawF ﬁ
< Workplanes 'Ir.yl,l'l,rml:f_p_r] L:."
RN - Diaitm | ditrsakste Posbon
-l Levank CLahm
£ i Mok -
é-s.-ﬂq:ib::k-ll : '?;':""'" Fealatien Poaion
¥ amps | ; X ¥ k> Difanca | 15471048
W = Macros B o v Rl leaig £
il oo
Parmirss o okl Copw Wi bjlarws G = =, =,
[ Wirkplans

Select Edit - Workplane to openthe form(aboveright)anduse Crtl V to
pastethe previouslystoredvalue (115.47048) intothe Distance boxbefore

selectingthe Relative Position - Along Z icon.
Accept theform.

&

Selecta Y- view.

The Workplane is now in position on the
top of the model.

4. 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 tool paths what the minimum radius is on the

model and also whether there are any undercuts or draft angles.

$FBFe 2000

Openthe Shading Toolbar by clickingthe smallarrowas shownabove.

Selectthe Minimum Radius Shade icononthetoolbar.
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PowerMILL 2. Machining Set Up

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).

Thetwo 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 M odels menu in the explorer.

Inthe explorer Rightclickover Models andselect Drawing Options.

- (=TT ! Model Drawing Options 2
=W s —
* Sioak: Wireframe -
¥ Group Create Plane . Sty | Solid w| Cobur NN

il B MacTo ' } L :

It Mok Laerak¥]  LongndinakF]  Fiker dngle |00

Irrgoee | R fer e G faces Shads

Skt &l Shaca Insida [+ Shade Coir |

Sakch Winatames Draw Cutines[]  Shading Tokrance |01

Sokect Surfaces Draflt ngla Shackng et

Carkact All Drafangle [0 | Wernig Argke |50

Sabct Duploats Surfaes Winimum Rachus Shading T

Dasalct [uplcats Surfaces Minimum Tood Rfdis: | 300
_ Drawhg optors e

Foert all

Changethe Minimum Tool Radius valueto 5.

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

Changethe Minimum Tool Radius valueto 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.

Issue PMILL 7 17



2. Machining Set up PowerMILL

The model can also be visualy inspected for the size of draft angles and undercuts.

<
Selectthe Draft Angle Shade icononthe shadingtoolbar.

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.

Tocheckfor undercutschangethe Draft Angle to-0.2 andthe Warning
Angleto0.2.

All of the red areas have disappeared and al 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 Anglesis so small.

Accept the Drawing Options form
w

iconfromthe View toolbar isonsothe

Selectthe Draft Angle Shade icon againto turn off the shading.

Makesurethe Wireframe @
modelis displayedin Wireframeonly.

5. Measuring the model.

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

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

Fromthetop Pull Down menusselect Tools > Snap Filter andusetheleft
mousekeyto untick - Anywhere.

oo 8
| Bk Casrmanchk _H 2
Rmeet Forms d ‘E‘ E
L .'I.n.“'lrl_: . .
o ol If Anywher e is unticked then measurements can be only be
Fher Style ¥ Bounciry snapped onto the remaining ticked entities and not in free space.
- = T v Pamen
CusiomisE Paths o Foaled
B e (L BCRTten: ¥ m
Syt Lieroes +TH
Cirairrbes Coknre...
Dphcns
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PowerMILL 2. Machining Set Up

Zoom intothe areashownby the arrowbelow.

The gap at the bottom of the slot will be measured to determine its éize and depth.

Fromthe Main toolbar selectthe Measure model icon.

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

ThePowerMILL Calculator formwill openin Line measurementmode.
Usingthe left mousebuttondraga windowaround(or snap) point 1 shown
belowto displaythe XYZ coordinatesin the form.

]
Drag awindow around (or snap) point 1. PowerMILL Calculator
L simplcaubtr | Scemfccaobr |
Lira 1 Circla E Exprassion ]
Ao ot
K| 114 s |y ._" s _,_= 56113 ||
Erd Faink 5 =
x| -111.0060a | [-174.7830 |2 [ 38,526 013 | =
i 2 Lufferenca :
1 ool Xjzozz | w]-nees= | zloe [
~Angle
E | 100 |2t x| 17 snz4 |
Dstree | 208602 | [+
The Anchor Point is now selected and is Edreation | 0.0 ==
represented by asmall circle.
Thex, y and z values seen in the above form are

relative to the Active Workplane 'Datum’.

Draga windowaround (or snap) point 2 to obtainthe final ‘pointto point'
measurementinformation.

A temporary line appears connecting the two points, and the information relating to the line is
displayed in the form.
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2. Machining Set up PowerMILL

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

Selectthe Circle tabonthe Model Measurement formandzoomintothe
areashownbelow.

Selectthree points alongthe arc eitherby dragginga smallwindow
around, or snappingonto eachone as shownbelow.

2,
3+

A temporary circle will appear after the third point is selected as shown.
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! PowerMILL Calculator
| Smpocakisce | Scec Cakdakr
| Lma | g | Eeresson
Shart Foird

| & OT.ca0EER Y | SZ07S L | 10545

L

- ad Firnk —

| ® | 05703585 L e e | T | 10445

e P 1
% | or.osesan |8 0 a0d5e | B 1050057 The Circle measurement form will display details
e — . || of the arc as shown.
K| 352080 ¥ -nIErra & | 10647 =
Ragliie | 2.0
DRmsemeT | 4.0

Close the Model Measurement formandselectan ISO 1 view.

6. Material Block definition.

The Block usually starts out as the initial materia size prior to machining the component. It
is often created with more specific dimensions to provide a more localised limit for individual
machining strategies. There are also other methods available for a more complex definition of
the area in which amachining strategy operates.

Clickonthe Block icon @netoptoolbar

i Bleck Form

nefirer by B E E

Lirnils

:N ;;‘ % ::;x ::: %{ The Block form appears allowing the user to define the
o E e 'EI Block size either to the default, Max/Min Limits or by
=] manually entering the minimum and maximum X, Y and

Z values (or a combination of both).

Cpfinder Far smarions

The Block sizeisautomatically set to the model

s troades Limis dimensions by clicking the Calculate button with
Takeanca | .1 Tee vl [ | Max/Min Limits set. Individual values can be edited or
Espansion | 0.0 [[c== | | locked (greyed out) asrequired in addition to being

calculated to include an offset by entering a suitable value

Drase b2 ety 0 in the box marked Expansion.

[t | [aner |

Clickonthe Calculate button.

Clickon Accept.
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The Block is displayed
shaded by default. This
can be shown as solid,
partialy transparent, or
as ablue wireframe, as
controlled by the
Opacity dider on the
Block form.

The Block can be turned off graphically by selecting the block icon @ from the
View toolbar on the right

7.Cutting Tool definition

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

Clickonthe down arrow to displayall of the Create Tool icons.

All of the tool types appear asicons.

i

-

|Create 2 Ball Nosed Toul|

Placing the cursor over anicon will open asmall box containing a description of the
tool type (Tool tips).

ClEIBCECTICCT

B

Selectthe Create a Tip Radiused tool icon.
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The Tip Radius Tool form
opens into which the
required tool data is entered.

_ Moom e | o 1 When the diameter is entered
o . 1 the tool length automatically
¥ defaults to five times the
diameter, and this can be
 Length changed if not desirable.
{1250 |
¥ _ Itisagood ideato input a
IO o i suitable Name for the tool.
. e e Thistool for example with a
(6.0 | o

diameter of 50 alength of
100 and atip radius of 6
could be called D50T6.

Digrater

Tewed Stats [ Vialis

T | Pl [ L

The specified Tool Number
can be output in the NC

| '|| program. If the machine has
L ‘] atool changer it will
represent the carousel
number.

Tl 0] 5015
Mumber af Flaes| 1

o =]

Shank and Holder definition will be covered later in the course during the chapter on
Coallision Checking.

Entera Diameter of 50 a Tip Radius of 6 andmodifythe Length to 100.
Enter D50T6 inthe boxmarkedName.
ClickonClose.

i @
m HC Frograms
4 Toolpsts

= ¥ Tonls

e deoes

I Boundaffs
7 Fateers | Type © Tipradiug
¥ Feahore $hangth © 250
o VorkplarnTon| Mumiber ;1

£ Levats :

B Hodsk Tool d - DA0G
& Stock pagpih!
& oy | Diameter ;| 50

= = Macres | Tip Radius ; 6

Thetool is now displayed on the screen and also appears as an entity in the Tools section of
the explorer. Note: If the mouse is positioned over the tool in the explorer aTooltips
window will open displaying details of the tool definition.
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5 g Tonks
5 gl
) Boaruls gt ]
T Al
..J"' Feabas W B lrvab=

e wrknl Any future changes to the tool are initiated through the explorer.

E el e To undraw the tool click the yellow light bulb icon. To
i Stk b deactivate the tool right click anywhere on the tool datain the
e ﬁ ;"f"_:""‘" . explorer and click the name Activate (the tick will disappear).
Selecting the Parameter s option will open the tool definition
e -k = form.
¥ Draw Hoider

The tool can be seen either in wireframe or shaded in the graphics window.

Rightclickoverthetoolinthe Explorer andselectShaded.

8. Feedrate and Spindle speed settings

The speed and feed rate settings need to be defined.

=
b_rfﬂ:ne Main toolbar.

The Feed Rates form opens enabling the user to enter
appropriate feeds and speed for the machining strategy.

Clickonthe Feed rates icon

1 Feed Rates Form R TE]

Load From Actve Tool

Repid fusitajimis) [ 3000.0

Cutting Feed Rate and Spindle Speed can be stored within the
Tool definition and input by clicking the box L oad From
Active Tool.

The value for the Plunge feed rate is controlleddefined as a
proportion of the Cutting feed rate controlled by changing the
valuein Tools - Options - Toolpath -Tools - Plunge Factor -
0.1 (default). If the Autoload box is ticked the Feed Rates
form will update automatically when aTool is activated.

Leavethe settingsas defaultandclick Accept.

Plings (unitsimin) [ 1100
Cating (uritsfmin] [ 11930
Spinde Speed (o) | 15000
il {unttsf) [ 11000
Cootark. [Stardars -

i s
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9. Rapid move heights

Safe heightsin Z must be set at which the tool can travel at rapid feed rates without
contacting the component or work holding devices.

ﬂ------------- ------SdfeZ
Start Z

el R i

¥ == Plunge

# Cutting

Safe Z is the height to which the tool will retract for rapid moves across the work. Start Z is
the height to which the tool will descend, at rapid feed rate prior to applying the plunge feed

rate. —IE'

Clickonthe Rapid Move Heights icon.
In the resultantformselectthe Reset to Safe Height button.
Clickon Accept.

! Rapid Move Heights... [2 [[X]

Abrohae Heghats

Sale drea | Plans e
The same principle can also be defined incrementally to
b enable safe rapid moves, locally within the component.
In the section of the form labelled Incremental
Heights, in addition to Absolute, two additional

Horimal options are available Plunge and Skim.

1100 300 K 1.0

cars [0 Plunge will enable the rapid feed rate to continue to a
specified distance above the full plunge depth before
the plunge feed rate cutsin.

StartZ | 00

| Reset i Safe Haights |

Skim will operate in asimilar way to Plunge but with
the addition of applying rapid horizontal moves, at a
specified distance above the highest point across the
component to the next plunge position.

Ircrementsd Helghts
Rapid Move Tyoe | Absaluta W

AOCEpE | Carcal |
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10. Tool Start and End Point.
Thisis asafe position for the tool to move to before and after each tool change or machining
operation. Depending on the type of machine tool it may be the actual tool change position.

Clickonthe Tool Start and End Point icon. @
1 Start and End Point... [7 ][]

Shrtfchi JEnd poind Thetool Start and End Point form appears in which the user

E full control in defining a safe position for the tool to start from
Wl following atool change or previous toolpath.
v Bk cemeSsE | By default the tool position is set automatically at the Block
Centre Safe. A more specific position can be defined by
selecting adifferent option in the M ethod area on the form

dppraach dlong | Tool dags !

aporpach Dislrce | 5.0

Cwerrido Tool Asks L] (First Point, First Point Safe, and Absolute).
f“"-“ﬁ s T The tool End Point is also defined from this form
e o independently from the Start Point.
T P s
I:':l| oo jion ¥ | LA
fooopt | Cancel

SelectStart Point andinthe Method areaset Use to Absolute.
Setthe co-ordinatesas X0, YO andZ 50.
Clickon Accept.

Thetool is now located at the new Start
Paint above the active wor kplane.

Setting up is now complete and
PowerMILL isready to start generating

- : E .1 toolpaths.

11. Projects

A Project isafolder used for maintaining a permanent copy of the data created in the
PowerMILL explorer. This could include data such as Toolpaths, Tools, Workplanes, and
other entities related to the machining strategies. The project will aso retain the activation
status of each entity when saved. The Model is aso stored in the Proj ect.

The commands for the project are accessed through the File pull down menu and it is good
policy to initially Save Project as early as possible during programming and then at suitable,
regular intervals.

When initially saving a Project the user has to decide on a suitable directory location on the
compulter.
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SelectFile -> Save Project.

I8 view heert Cvaw Took Help

Cpen Praject... Cirl=0
Cpen Project Resd-Only...
Cloas Proiject ! Save Project As FEIE|
Save Project &s. .. "'! égl Saw i e S prten Dradn | “loareE-.
Save Template Objecs... E——_cznm Dscphc i
i F s el = iz
L Doaurnis il Sahings DT
Import reocl,.. Q s Prograr Fikes
Export Wodsl | et
- s
Examples...
Print Prawie a Fie: e Diem
Print.. Cirlsp — | Syesboe =~ | Cows |
Recent Projacts b
Recent Modsk r
Delete Selected e
Dalete Al
Exit

In the formlocatethe folder C:\temp (orif it doesnot existwith C open
selectthe create New Folder tabandrenameit astemp).

! Save Project As
L bl =
éh Cancdala
m Tinnara: [ sem |
Zarvea azippa | Possi ML Propst w | Coead |

Once C:\temp is accessed,enterthe name, Speaker_Core in File name
andthenselect Save.

To update the stored Proj ect apply Save Project as and when required. To create an
additional copy, use Save Project As (Thiswill require anew File name).

The use of Projects to store component data, machining data, and associated settingsis
essential to enable the user to return and modify an existing machining process. In many
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cases an existing Project can be used as the start of anew one, using the existing settings as
the basis for the creation of new or recycled toolpaths on a different component.

Project datais stored in afolder that isidentifiable by a PowerMILL icon.

120 Uik excavnpile
| B MOUSE.old

(21 mcProg
(=] prae
(21 Fiarce_punch
el

B _I ol _h

& ] Program Fikes
—..' pshapes
CJess

-0 2ah

| L] Temp
_ Spasker_tore e

.’f. B0 WINNT
=3 Deam (D)
S| EagossiEs

b [+ g B 26 2003 [F2) |

- 13 object(s) (isk free space: 482 ME)

How the Project appearsin Windows Explorer.
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3. 3D Area Clearance

Introduction

The main strategies for roughing a 3D component M odel 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.
Thereisaso asimilar group of strategies, 2.5D Area Clearance for use, exclusively with
PowerMILL 2.5D Feature machining (covered on the final day of the course).

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 process.

For some components a secondary Area Clearance strategy is applied using the Rest

M achining options in conjunction with a smaller roughing tool. Thiswill locally remove
pockets of excess material inaccessible to the original Tool Reference Toolpath or Stock
Model. Thiswill reduce the degree of tool overload and provide a more consistent material
removal rate for any subsequent Finishing operations.

If the original material isin 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.

Issue PMILL 7
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3. 3D Area Clearance PowerMILL

Toolpaths

Suitable values are required to control the accuracy and amount of excess material to be left
on a component by atoolpath. The parameters used for this purpose are preset and are called
Thickness and Tolerance.

Thickness is the amount of
extramaterial 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.
Itisalso possible to assign
additional Thickness valuesto 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 O it should always be more than the
tolerance value
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Raster Area Clear example

Activate the D50t6 toolinthe explorer. =
Fromthe Main toolbar selectthe Toolpath ‘W & | 8 ReserFrshing

Strategies icon.
Select3D Area Clearance Tab. +

| Hew =
0wy s | 00 CM0F [l | i | Fimistury | o

W O s misTe MRt QO

L Farc kg

o P e s e M -r

B e s By

it g oo B
[

Selectthe option Raster AreaClear Model to openthe followingform.

1 Rester Ares Clearesce Form [Moded Mackining]  [23

Enterthe NameD50T6_A1. __*'Iii.” _
P | B
) 24
Set Stepover to 20. e T
Set Stepdown to 10. T L7 Shtoepiypiitire 1
Ll _ ]
[lew n =
Keepingall othervaluesas default, ==
Apply theform. R e it B
After the processingis complete o vt [T vy o v,
Cancel theform. S
= e

& C Programs
- & Toolpaths

_ unprocessed Toolpath appears in the Explorer (the default
. :uc;ls.w name has been changed to D50T6_A1).
& > dS0L6

i The Toolpath icon can now be double-clicked to Activate and
{2 Pourdar
Wt Bk de-activate the toolpath.

The + symbol can be clicked to open afull record of the data used to create the tool path.

As soon asthe Raster AreaClear Model form is opened an
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STEPOVER s

The dotted red lines represent Rapid moves and the light blue lines are the Plunge feed
moves. The Plunge moves at present are longer than necessary resulting in time wasted by
the tool feeding down in free space where most of the move could be Rapid.

The existing tool path will now be Recycled with new settings to improve the efficiency of

Rapid movements across the component.

Rightmouseclickoverthe Toolpath iconinthe explorer to openthelocal
pulldownmenu.

Y IE
439 1 Frograms
= 4 Tookpaths
SRR
g ¢ L= dsote diielbir it
E PE: m"'cmi' = Atkach Actve Tool to Start Note the tool path can also be activated or
o . . . .
i’F‘ Featoe St v Activate deactivated from the Activate switch in the
= o workplanes #cteate Workplane pulldown menu.
i A |
Lo m
= g Modek Fecreste Black

Select Settings toreopenthe Raster AreaClear Model form.
Selectthe 'Recycletoolpath’icon (shownarrowedbelow).

{ master Area Clearance Form [Madiel Machining]

é 1 =lesd3n
{Enabia the hmmthalthstnﬁﬂ%tﬁﬁaﬂ T
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=l
Selectthe Rapid Moves Height icon = fromthe maintoolbar
Selectthe Skim optionandchangethe Safe Zto 5 andStart Zto 3 as

shownbelow. i
K\\ ! Rapid Move Heights. ., [7 |

oiows bt B gt
Sl ews  Flne

N i :

[ion 1 | DD K 14
\\\ wgky x| 10.000E
SlrtI | SOOI

L Fesattrofuin etz |
[ ek oamalogn |

Byl el | il it its

Poed bowd Teod | Bin w
ez B0
e | A0

Aecagd, | Earical |

Accept theaboveformandthenclick Apply inthe Raster AreaClear

Model formandonce processingis completeclick Cancel to closethe
form.

The tool will now plunge locally (pa e blue move) from the defined I ncremental - Start Z

above each dlice and rapid across the roughed areas by the I ncremental - Safe Z (purple
move).

The toolpath has been recycled with the Skim option set in the Rapid M ove Heights form
and now uses Incremental Safe Z and Start Z values (Note; In practice more than one change
can be implemented when Recycling or Copying atoolpath).

Thistime a Copy of the above toolpath will be created using the Area Filter options to
remove the single pass tooltracks which are stepping down each of the four corners.
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Select Settings toreopenthe Raster AreaClear Model form.
Selectthe 'Copytoolpath’'icon (shownarrowedbelow).

SHE]

[ortate & new toolpath based on this one | -

|8 -] Jesore G s

Inthe formlocatethe Area Filter section(lowerleft comer)andinputthe
settingsas shownbelow(Note Filter Only Enclosed Areas is unticked).

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

The effect of unticking Filter Only Enclosed
Areas means that the areas of toolpath outside the
Block will be included in the filtering process.

[+] &rea Filter
Fifter | Smaller Than .|

Thresshald (TOUY

Filter Only Enclosed Areas|

Apply the Raster AreaClear Model formandonce processingis
completeclick Cancel to closethe form.

The default Raster Area
Clear strategy steps across
the model with parallel
__ .. PREE tooltracks. The remaining
R L T ) edges around the model,
S R NN L contour are then removed
e s e T e W sl T by asingle profiling pass.

A new toolpath called D50T6_A1 1 iscreated with the corner machining filtered out.

A @

{39 NC Programs
= 42 Toolpaths

£ ) ¢ #F DSOTE_AL

v ;@ >D50T6_AL_1
= Tools
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Simulating the toolpath

ViewMill provides a 3D graphical smulation that allows toolpaths to be checked before they
are machined. ViewMill hasit's own separate toolbar that can be accessed from the ViewMill
button on the Main toolbar. There are currently 2 different versions of ViewMILL the
intention being that the origina will be phased out once the new version is fully devel oped.
For the time being there is no real benefit from using the new version for 3-Axis applications.
Below is an example using the original Viewmill and in the following example on p39 the
new version is applied.

Selectthe (Original Version) ViewMill iconlocatedtowardsthe e%
rightinthe Main Toolbar atthetop ofthe screen

||iﬂrm:» «| B | &% ﬁﬁ“-""".lh-'u"':@ &

The simulation toolbar appears.

SelectISO 1 viewofthe modelandscaleit to be as largeas possible.
Selectthe ViewMill toggle icon. @

Thistoggles the display to the Viewmill environment
and generates a shaded block.

Selectthe Shaded Tool icon. T 0| e~

[Shaded tool

With the tool shaded, it is clear where the tool datum

position is. The speed of the simulation is reduced if the
tool is shaded.

P KD [ ] a x

M
|ELE|rt.frEELE|rt simutation

Selectthe Start/Restart icon.
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The toolpath is simulated displaying the material
removal from the defined block of material.

Click the Shaded Tool icon again to switch it off which
in turn will speed up the simulation.

The complete machined block.

Selectthe ViewMill toggle iconto retumto the PowerMILL session. @

The above ViewM I LL session will not be cancelled but temporarily put into the background
so that any subsequent toolpaths can be simulated as a continuation from the above.

B vev oot Draw Took Hep

Fromthe Main toolbarselectFile. O, frajeet. . L
e Froeect Sead-Only,

Save Project to updatethe storeddata. \\_\_‘ esa Projct
S Progek, Cirlss

. . Seare PrO@EE S
The Speaker_Cor e Project has now been updated to include Saa Tamplie Cojscte

The 3D Area Clearance toolpaths. 1ot Madkil .
Esport Modal ...

Fromthe Main toolbarselectFile Ty
ISl e

Delete All. Frik., Cirl+F

Fmgert Frajcts v
Faoent Modat: L

Dl Salscind CirlsDr
Do &1

Esk

s [TT—

Echa Comeiancs

o

Fromthe Main toolbarselect Tools - Reset Forms. i s:,: :

O ime ke Padhe

Thisrestores all default PowerMILL settings in the forms without having NPT

to exit and re-enter. Reqeak Lioerces b

Qelmmes Colose.,
g,
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Offset Area Clear example

Import themodelWingMirrorDie.dgk fromPowerMILL_Data\models.

Createa Tip Radiused toolof Dia 40 tiprad 6 and Name d40t6.
Fromthe Main toolbar openthe Block formand Calculate a material
Block tothe fullmodeldimensions.

Resetthe Rapid Move Heights andsetthe Incremental movesto Skim.
Inthe Start Point formsetthe Start Point to Block Centre Safe andthe
End Point to Last Point Safe.

Fromthe Main toolbar selectthe Toolpath Strategies icon

—— -
280 A i | 10 Araa Cliararos | Deillig | Farvour s | Fishieg | S

EE= <

W s S paodal

i
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PowerMILL

|4
T -
B = s0Te ||
Ti
Lorleli Toiraca 0L @
e
[0 |E

gm - -
Mm

SieprdceT .l -
Hﬂm w wmo

Pelmciniras Llhi =

10t Dt | it o

Barralay
EI w v;_

Frofing

[CIFinal Profie Pass

Clfrcabmer ... .
Filer |Seclir Tran =
Theadwid (TG (10|

Fiker Only Enciosed dmss [
ToolAce —
Toal dck:  Wersoal '

Plara  040TE_Dd

Lt I Moves :
Te Ramping | [Comeom |

A ey Culs e [#]
Drilhng Hokes

High Spessdd Wschinmm
[l Procfika = e iy

Lirks [Emockh
0 vty o B e

st mackining -

sertrg BT % Ordoring| ek
Ty all
Dirgction’ anle v

Frofserce Mrinko AF Mo

[ sph | | dcoept | | Caesl |

EnterName D40T6_D1.
SelectRamping.
SelectRamping Options
Entering;

Max. Zig Angle 4,
Follow Circle, and
Circle Diameter 0.6

As shownbelow.

' Ramp Opt... [? ||

Max Zig Angle | 4.0 !

Falry il:n:h - |

e N

Ramp Lengn
FanzC]

Zg irgle

TOL = Tool Dlamester Unix

[accept]  [Cancal]

Input Type- All
(default).

Inputor modify the dataas shownin the sectionsarrowedaboveand click
Apply to createthe Offset Area Clear toolpathshownbelow.

The Offset Area Clear
strategy using Type All
follows both the contours
of both the Model and
Block then gradually
Offsets into the remaining
material at each Z Height.
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3 RMBon the toolpathand select
=#¥ Toals E4ITE_ D Attach Active Tool to Start to bringup
ERE R ] . .
-I:_;ﬁ Birvdar s Attach Aches Too! o Shart the SImU|aI|0ntOO|bar
I Pattermes
o Featwg Ste | 7 SCTHIE ) ) )
+ & Workplanes Actieate Warlplane The toolpath simulation toolbar will open.
5 Lenak: Sattings
I Miodcls

Selectthe (NewVersion) Vi ewi/l}l toggle icon.

= B Eer R L < | el O 4P B KA I &
=T I "
Pressthe Play buttonto startthe simulation.
The simulation of the toolpath will start with tool displayed.
B vE Eef@ L b
: i b
f ik |
¢ Clickthe Display buttonto bringup Simulation info form
! Simulation Information
Postion | Fropertics | Colsins | Yewhil |
Shading Ophons Smulation Tednigue
IFkzin Wkormal
{IRanbre () Ateanoed
00 Dinsfon . .
3 vzt Tool —  Selectthe Shiny option
Bty . yop
13 ey
S Feereal ool i
(8]} i () hresy
.:.1..' ﬁ'F 1“\\_‘_\_‘_\\
0z = SelectNever to undrawthetool
(Thiswill speedup the simulation)
I Beerie Wi
Close theform
Pressthe Play buttonagainon the Simulationtoolbar
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The finished result indicates that the
current tool geometry is not suitable
to fully access some features
(arrowed) on the model.

Asaresult afurther Area
Clearance strategy is required using
asmaller tool to continue locally
into the remaining areas.

This technique is known as Rest
Machining.

Selectthe ViewMill toggle iconto retumto the PowerMILL.

Rest Machining

Rest Machining is localised removal of the remaining material inaccessible to previous
toolpaths. The 3D Area Clearance forms contain options to apply Rest Machining either
based directly on a previously defined Reference Toolpath or a Stock Model.

The following examples illustrate Rest Machining firstly using a Reference Tool path and
secondly by using the Stock Model.

The Stock Moddl represents the un-machined stock at any point in the machining process. It
isapplied by first creating a Stock Model entity by applying a Block, followed by various
toolpaths. After each update, the stock model adjusts itself to show the un-machined material
remaining on the block.

Rest Machining using a Reference Toolpath

Createa Tip Radiused toolof Dia 16, tiprad 3 andnamed16t3.

= Toaoks DanTE
Ll o=0Te
s 5|l >Da6T:  amach Actve Tool tn S
{1 Bowrd .
ikl P Select Settings to reopenthe Offset
ff Feoham e | ACHRED Wirioine AreaClear Model form.
v Workplanos
+ 1 Lawata
- i Mo Rpdreaks Block

Selectthe'Copy toolpath'icon.

Y Offset Area Clearance Form [Model

@ Note; al associated items originally used to create the
” ) toolpath will be activated.

[Cretes & néw toalpath baged on this one|
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Activate thenewtool, d16t3.

! Offset Area Clearance Form [Model Machining] |?|E

b @ A - Enter anew name D16T3_D1.
Tl Lead [n pMves

] g DLATE » @ Type Rasping [
Tokrances spproach Cutside =]

Tokeanc 01 | ] Priingioks

The options arrowed control the Rest
Machining limits by comparison with
the previously defined toolpath
D40T6_D1.

Epeed Machining
ol Smodthing

Oty Al
Claetrict [
; [ rast |_
Proiirg Toopeth © B8 (D=0TE D1 BB
Darlect Maker & Thicksr Than | 0.0
el Frofa Pass Erpand Areq Bs 00
Dltomsider Preious 2 Haights
i |:| Set Type to Model (This generates

offset tooltracks, based solely on the
sotrg BT 8 oraing Model contours).
Tip= -

Hain =

Toal daks _
Toal Ask | Vartical

[ doph | | focegn | [ Concar | [~ Untick AreaFilter.

Inputor modifythe dataas shownarrowedaboveandclick Apply to
createthe new Offset Area Clear toolpathshownonthe followingpage.
Cancel theform.
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RMBoverthe Toolpathiconinthe explorer.
SelectAttach Active Tool to Start.
Selectthe ViewMill toggle iconaccessthe existing ViewMILL session.

E ‘B2 Ee L > bl
||I|. | | %

e Clickthe Switch on Display buttonto bringup Simulation info form
! Simulation Information

| Portion | Properties | Colsions | VEwkil |
Sradie] DTy Bkl Tadra).e
ZIFan (& hor vl
. . ______—r—*@ﬁarlrw Clervanced
Selectthe Rainbow option. B e
Ti
O %hing Draww Tiocd
Chatwas
HiE Paawarsal D Tmal satting
O oA (= Herver
oy [JE
0z
Favarsa Y iEw

Close formandpressplayonthe ViewMill simulationtoolbar.

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

The Reference Toolpath
finished to rough out
material closer to the
component form.

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

Selectthe ViewMill toggle iconto retumto PowerMILL
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Rest Machining using a Stock Model

An aternative method of Rest Machining is the use of a Stock M odel instead of a

Refer ence Toolpath. One of the benefits of using a Stock M odel is that the remaining
material can be visualised and registered along with the associated tool paths.

The following example will demonstrate the creation of a Stock M odel 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.

Inthe explorer, Activate thetoolpathD40T6_D1.
'y

|~ B e Fragrams
- & Tonduatta
ool

“§ peoTE DL
Teadd

) howga  Hamch drwe Toal o Giart

Fans

U P

i vk

v L BT
| o e

St v i el

Inthe PowerMILL explorer rightmouseclick Stock Models to openthe
localmenuandselectCreate.

[ = i e
= T Tpipatie
o o g I =GR DL
= il LT g
= Tk
B -

Inthe PowerMILL explorer rightmouseclickthe newly created Stock
Model iconandfromthe localmenuselect Apply - Active Toolpath
First.

=l [Cerare

St Gioerer

Bt Wortplane
St Bt Thedoas:

A Tl el Lara®

it L]
Tiodiin L]

Do i Siech: WACka
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Fromthe samemenuselect Calculate to createthe Stock Model as
shownbelow.

Fromthe samemenuagainselect Show Rest Material to displaythe

Stock Model asshownbelow. - & stock Models
E Y - 1 |

& Grop 1
B8 Maoro

¥ ACTivale
v Draw

Crawing Options ¥

44 Issue PMILL 7



PowerMILL 3. 3DArea Clearance

Fromthe samemenuagainselect Drawing Options - Shaded to display

the Stock Model as shownbelow. B y—
! |

L g
o R

o ST

Intheexplorer Activate thetoolpathD16T3_D1.

Rightclick the toolpathiconand fromthe local menuselect Settings to
reopenthe Offset AreaClear Model form.
Selectthe'Copy toolpath' icon(shownarrowedbelow).

! Offset Area Clearance Form [Model

Tl

| Create a new toolpath based on this one|

Inthe formlocatethe Rest Machining section (lowerrightcorner)and
changethe settingsto use Stock Model - 1 asshownbelow.

_ElRest Machinig i
Swock Mokl ) | 1 =
otect Material Thicker Than (00 |

Expand freay [00 |
A lCansider fravious £ Heghls ——

Te =

Click Apply to createan alternative (moreefficient) Rest Machining
toolpathnamedD16T3 D1 1.
Cancel the Offset Area Clearance Formto revealthe followingtoolpath.
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Although the Stock M odel has been
used to define the area to be machined
the new toolpath is not automatically
added to the Stock Model. Thisis
carried out as a secondary operation if
required by the user.

Rightclickoverthe activetoolpath, D16T3_D1_1 intheexplorer and
selectAdd to - Stock Model.

- [T
e 1T Y]
= 4 ¢l niEra Gy
=l !
" ;,,“:':“_ “:‘I’-";‘m — It isaso possible to Right Click on the named, Stock
ﬁ:ﬁ:mm ' Model in the explorer and select Apply - Active
sl R . -
Gl it bl i toolpath Last. At this stage the Stock M odel will
g disappear from the screen.
& g T o
= Sz i
I:’.hl-j-’q,ﬂ'i’h
Colour ¥

il

i b Tl
BRI
Crays bacvadisd reC Fregrsee L

Lo Corfrem

Rightclickoverthe named, Stock Model inthe explorer andselect
Calculate to createthe updated Stock Model as shownbelow.
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Fromthe Main toolbarselectFile - Save Project andsavethe Project as
C:\temp\Wing_Mirror_Die. (SeeChapter2 for full details of method)

Inthe explorer Rightclickover Toolpaths andselectDelete All fromthe
localmenu.

Usethe samemethodto Delete All - Models and Stock Models (Donot
Applytothe Tools sectioninthe explorer).

Oraw | Took  Hals
Fromthe Main pulldownmenusselect Echo Corimands

]
Tools - Reset Forms. = m

" Sragipng

Thisrestores all default settings in the forms without having to exit and re-enter.

Note: The above items deleted from the explorer can at this stage be recovered as they have
been transferred to the PowerMILL Recycle Bin. If File- Delete All is applied from the
main pulldown menus all entities by-pass the Recycle Bin and as aresult cannot be
recovered.

Leftmouseclickonthe Entity Recycler paneto openthe Recycle Bin.

4| |

= iy Toaipadhe
am CEOTE il |
&

@ 01001 Hpcrris o
= D613 D
& o1 Dl Daleta
5 Took
3 -

Rightmouseclickoveranentityin the Recycle Bin to viewthe localmenu
optionsto Recover or permanently Delete anitem.

Recover a Toolpath fromthe Recycle Bin andcheckthatit hasbeen
reinstatedin the Toolpaths sectionofthe PowerMILL explorer.
Retuntothe PowerMILL explorer andif necessary,apply Delete All
separatelyagainon Toolpaths, Models and Stock Models. (Donot Apply
tothe Tools sectioninthe explorer).

Offset Area Clearance - Type Model

This variant of the Offset Area Clearance is designed for High Speed machining. It provides
avery consistent material removal rate at the expense of an increased number of rapid moves
across the component (This is accepted practice in High Speed applications). 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 up to the material Block.

Import themodelHandle.dgk locatedin PowerMILL_Data\models.
Inthe explorer - Activate the Dia 16 tiprad 3 tool d16t3.

Issue PMILL 7

a7



3. 3D Area Clearance PowerMILL

Fromthe Main toolbar openthe Block formand Calculate a material

Block tothe fullmodeldimensions.Lock the Z max andZ min values,

enteran Expansion valueof 10 and Calculate again.

In Rapid move heights, clickReset to Safe Heights, andin Incremental
Heights setthe Rapid Move Type to Skim.

Inthe Start Point formsetboththe Start Point and End Point to Block
Centre Safe. @
Fromthe Main toolbar selectthe Toolpath Strategies icon.

From3D Area Clearance selectthe option Offset AreaClear Model to
openthe followingform.

Enterdatain the formsexactly as shownbelow.

The Stepdown isto be defined mang%%ﬁ asinglelevelfromthe Area
Clearance Z Heights Form - R (If Z Heights already
exist, Delete themby clickingthe red cross locatedto the lowerright of

the form).

Ramp Opt... ? X |
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~
Select Type as Model.
Input Definedby Value 3.0 andselect Calculate (AfterselectingDelete All
existingZ Heights).
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Checkthe dataas shownpreviouslyandclick Apply thenCancel.

Note: Shown with leads
and links undrawn.

Selectan Iso 1 viewas shownandrightclick overthe toolpathiconin the
PowerMILL explorer to openthelocalmenu.

SelectAnimate - Medium andobservethe animationof the toolpath
(selectthe Esc keyto stopthe animation).

¥ M Frograms
- 25 Inclpatha
a o W T
v Tnolc A lraml
G Jourin it act Toud 0 St The tool will continuously climb mill, starting
¥ I S o acta each tool track a distance from the material
e Ao B block to allow for acceleration to optimum Feed
" & ok hud = Rate. Each pass will maintain avery consistent
# G g material removal rate. The only negative side to
Dras the strategy is the occasional sudden changes of
E:*;:"ﬂ s £ direction along the tool tracks. This can be
E'w_: improved using advanced settings to
T progressively straighten tooltracks as they offset

0y . further away from the Component form. A
ot Induked i Programe specified deviation from the nominal stepover
will be required to allow this.

|t St

T -
Sainticr.. Fart
Peoperten b |
war g LI

Ve Thra
I | St Lion T

Rightmouseclick overthe Toolpathiconin the explorer to openthelocal
pull downmenu.
Select Settings toreopenthe Offset AreaClear Model form.
Selectthe'Copy toolpath' icon(shownarrowedbelow).

! Dffset Area Clearance Form [Model
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~ {1 Spead Machin g
vl Profile Smocthing
omer Radius (TOWL)y  0.200

—1

Liks |Smooth [
¥ISmoothing Allowarce
25 % : J

(¥ ¥ u

4 IRastrict Teal Overlaad —— r
<)

Withthe Offset Area Clearance formopenagain, tick the Smoothing
Allowance optionleavingthe slidervalue as default (25%).

Click Apply to createa newtoolpathd16t3_hsm1_1 withtheimproved
25%smoothedstrategy.

Compare the 2 3D Offset Area Clearance (Type - Model) tool paths noting the progressive
straightening of tool tracks on the second strategy (25% smoothing applied).

Fromthe Main toolbarselectFile - Delete All to deleteall datafromthe
currentproject

Craww | Took Help
Fromthe Main toolbarselect Tools & Echa Commands
Reset Forms ;..L’

an

| W Snapping

Thisrestores all default PowerMILL settings in the forms without having to exit and re-enter.
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General information on Area Clearance Machining

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

ol '
[ v D16T3 b [I |]

To

Tolerances
Tolrance [0.1 |
hickness
—- = I:I |:| — A
¥ ] H ._.-" Taickare:
—_— =

T e p e o

Clicking the Thickness button on the Area Clear ance forms opens the Axial Thickness box

alowing the user to set separate values for Radial and Axial thickness. This faclity isaso
available on the finishing forms.

Restrict Tool Overload

L #=. 1 With Restrict Tool Overload ticked as the tool reaches an
Chinnd i_.;_-?’ specified overload situation PowerM I LL automatically inputs
. 125 atrochoidal path to eliminate full width cuts. Thiswill occur
b5 in corners, narrow channels, slots, etc and the degree of
movement is controlled with the dlider as a percentage value in
the form.

= ¥ Eestrick Tool Crerload

ot | 10 % o =11l |1

e Shirp Comer Z He|ghtS

If Stepdown is set to Manua on The Area Clearance form, there are five ways of generating
Z Heights; Number, Stepdown, Value, I ntermediate and Flat.

Number - divides the block equally into the defined number of Z Heights, the lowest of
which will be at the bottom of the block.

Stepdown - creates aZ Height at the base of the block and then steps up a defined Height in
Z. The setting Maintain Constant Stepdown causes the distance between all levels to
remain constant and will modify the stepdown to create evenly spaced levels as near to the
specified value as possible.
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3. 3D Area Clearance PowerMILL

Value - creates asingle Z Height at the defined value. Y ou can specify as many Z Heights as
isrequired, but when using Vaue you must do so one at atime.

Flat - Identifies flat areas of the model and creates a Z height (+ thickness) at these values.
Intermediate - adds the specified number of Z Heights between existing Z Heights.

Appending Z Heights
Z Heights can be aso be used from saved Area Clearance Toolpaths. When atoolpath is
activated the Append button becomes active.

Profiling

A profile can be performed at each level to remove steps that will be left by the cutter Before,
During, or After aRaster - 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. Note: Offset and Pr ofile strategies inherently follow the component
profile.

When
This determines when the profile pass takes place during machining. There are 4 options

None - No profiling passis performed

Before - PowerMILL will perform the profiling first and then the raster path.
During - Asthe raster path is generated it will find profile paths as it goes.
After - PowerMILL performs the profile pass last.

Cut Direction
This determines the direction of the tool. Choosing a single direction will more than likely
lead to more lifts generated.
Any - this allows the cutter to travel in both directions allowing it to climb mill and
conventional mill.
Climb - thiswill force the cutter to only travel in one direction so that it is aways
climb milling.
Conventional - thiswill force the cutter to only travel in one direction so that it is
always conventionally milling.

Final Profiling Pass
This option is held in the profiling area of the main area clearance toolbar and allows the user
to make an additional, final profiling pass to further reduce tool wear.

Allow tool outside block

The Allow tool outside block tick box is located in the Expert Area Clearance form,
which is opened by selecting the tab midway down the right hand side of the main form.
This enables the first pass of an Offset or Raster passto be performed to the specified
Stepover, rather than the full radius of the tool.
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Ramping
This provides away to lead down onto atooltrack where it is impossible to approach from
outside the Block at the full machining depth (eg within a pocket).

ij

™
ol

Ramp Length

-
-

M
i
i
|

Zig angle

Zag angle

The Zig angle is the angle of descent along the machining direction as the tool ramps into the
material. There are 3 different types of ramp move following the geometry of the Toolpath, a
Circle, or aLine. If the length of the Zig angleis limited to afinite distance aramp movein

the opposite direction, Zag angle can be applied.

The Ramp Length isdefined as 'Tool Diameter Units' (TDU). For example, with a 10mm
diameter tool, A Ramp Length of 2 TDU'swould equal 20mm. Normally the Ramp Length
should be greater than the tool diameter to allow swarf to clear from beneath the tool.

Zag Angle

If afinite ramp length has been specified, then PowerMILL will insert Zag moves. The
default setting for Zag angle has the Independent flag set - which means the angle, is
defined manually. The default angle is O degrees. When unset, it will be the same value as the
Zig angle.

If Approach Outsideis set, and where it is practical for it to operate without gouging it will
take priority over Ramping.

If the defined geometry for a Ramp move is such that it would cause a gouge then it will be
replaced by a 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 themodel PowerMILL_Data\Models\Flats.dgk

Createa 12mmdiameterEnd Mill tooland nameit EM12

Calculate the Block

Setthe Rapid Move Heights andcheck Start/End Point is setto default;
Start Point - Block Centre Safe andEnd Point - Last Point Safe.

Fromthe Toolpath Strategies form,select Offset Area Clearance.
Fillin the formexactlyas below.
| Dffset Area Clearance Form [Model Machining] r‘?? r_f'

T 3 L] 'th'r_.lh“
U w  EMLr w I-E Type (Fhmoing  |w
Tiokew s . dppraich Ot (]
Tokraree (01 | [ - orbigiies
Th ik
& 5
S
Cis Slprmver |50 'f;l‘;-;;”““;_':’;
Sirkram z
Autnmale w 121
Wechine Flis . oof = L= | Smooth =
Ot Drchian | e
Bty
e .
Profing
W
CIFrad Profile Pocs |
[ 3 ; ; Lewn
. cmw :
[ &res Evter = | = | Bounciary T .
= i
soring B | orderig Podor =
T &1 -
Topl Buie DrirsscBer. & =
ol dcky | e ticnl E Prifraree Mrinee brfdgses W

Ltppty | | Accept | | cancal |
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Apply andthen Cancel theform

It can be seen that with Machine Flats - Off the toolpath has ignored the flat surfaces of the
model. It has maintained a constant Stepdown value and completely performed area
clearance across the material Block at each Z Height.

Makea copy ofthetoolpath.

Changethe Machine Flats optionto LEVEL (Thisis the default).
Changethe name to Flats Level.

Apply andthen Cancel theform.

The area clearance tool path now removes material from the flat surfaces leaving just 1.1mm
thisis equal to the thickness plus the tolerance set in the form. Where new slices have been
added, the toolpath clears all the way to the edge of the block.
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Makea Copy ofthetoolpath.

Changethe Machine Flats optionto AREA.
Changethe Name to Flats Area.

Apply andthenCancel theform.

The toolpath now clears the flats as before but only extends to the edge of the component flat
area. This provides a shorter toolpath than using the Level option.

It is also possible to machine just the flat areas. This allows the user to rough the part first
using Machine Flats set to OFF and then clear the flats in a second operation.

Makea copy ofthetoolpath.

. . |
Openthe Expert partof the formby pressingthe arrowat the right.
SelectFlat fromthe Slices optionspulldown.

Slices

Al Tool

Delsts By Picking

BiEE
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Calculate theslices.
Apply and Cancel theform.

The area clearance has now machined only the flat areas, the stepdown has been ignored
The cutter avoids the holes resulting in afragmented tool path requiring many lifts. The area
clearance can be made to ignore the holes if required.

Makea copy ofthetoolpath.

Openthe Expert partof the formby pressingthe arrowat the right.
Tick theboxnextto Ignore Holes.

Flat Machining Advanced Settings
Allow Tool Outside Flat

Approach Allowancs (TOU)

Flat Tolerance I.'.I.EI

[v]Ignore Holes —
Threshold {TOUY |ﬁ -

The Threshold in TDU (tool diameter units) tells PowerMILL what size of holes to ignore.
With the tool EM 12 selected and the Threshold set to 2, PowerMILL will ignore any hole
less than 24mm in diameter.

Apply and Cancel theform.
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The cutter now passes over the top of the holes without lifting giving a smoother tool path. It
should be noted that the flats at the bottom of the holes are still machined.

If the amount of material |eft on the flats is large then several passes can be made to reduce
the tool loading during the area clearance.

Makea copy ofthetoolpath.
Openthe Expert partofthe form.
SelectMultiple Cuts.

TR kil Cuts
Fillin the remainingoptionsas : Number OF Cuts [3
shown. .. : S |—3-'3'
Findl Stepdown = [1.0

Asthe Flats are being machined using several passesit isagood opportunity to finish them to
size on the depth (Axial thickness 0) but still leave 1mm on the sides (Radial thickness 1).

]
e s
U w B2 _\"_:
 Fr—— _
Tokrsnce (01 | el
T-"lﬂl.‘.'n":ﬁ"
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Apply andCancel the Area Clearance form.

Three passes are made at each flat area, the final one with a Imm depth of cut that cutsto size
in the Axial direction and leaves 1mm stock on in the Radial direction.

INFORMATION

It should be noted that by default, the PowerMILL - 3D Area Clearance strategies will only
detect completely flat surfaces. If amodel contains surfaces that are almost flat then they will
not be recognised unless the Flat Tolerance is set with a suitable, higher value. This option is
found on the expert page of the 3D Area Clearance form.

Flat Machining Advanced Settings
Allow Tool Outside Flat[]

pproach Allowance LY

Flat Tolerance -

[ Tignmore:bolas: et ten e
Threskald FEnen {_-:'_II |
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4. Raster, Radial, Spiral, and
Pattern Finishing Strategies.

Introduction.
This chapter will cover Finishing strategies created by the downward projection of a
Patter n, which include four types, Raster, Radial, Spiral and Pattern.

PowerMILL generates toolpaths by projecting a pre-defined strategy down the Z-axis onto
the model. The standardised geometry for Raster, Radial, and Spiral are generated by
entering values into the Finishing Form. The resultant Pattern can be displayed by selecting
Preview before executing the command by selecting Apply. The Pattern option reguires a
user-defined geometric form (active Pattern), which is projected down Z onto the model as a
toolpath.

A Preview of the four pattern strategies are shown, looking down the Z.

Raster
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PowerMILL

Raster Example

Delete All and Reset forms andfromFile > Examples selectthe model

chamber.dgk.

Calculatethe Blogk anddefinea Dia 12 Ball Nose toolnamedbn12.

=i

Selectthe Rapid Move Heights icon e
formclick Reset to safe heights then Accept.

J

Selectthe Start and End Point icon
Accept.

! Start and End Point... [

| St Porrt lend Point

]
L@ | Bipck: Cerire Safe . 6

agpriah Ak | Tonl dak: I
[ approach Ditarce | 5.0
Owgrricka Tool s []

|
| Coordinates |
|
|
|
|

X 0O a] Z 0o
Tl di
[ |00 0.0 ¥ i
o |
' [ il ! I_ Cancel |

The model and tool are displayed..

fromthetoptoolbarandinthe

* Rapid Move Heights_.. |7 X

sk
Sl e | Pl =

S I [LD

Rpoipishvadi |

i =gt
Faged MDvD T | Ahchus w

e
fromthe toptoolbarthen

fa] | Note that the default settings are Start Point - Block Centre
Safe and End Point - Last Point Safe.
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i TE '3!!' @ Faster Finishing

s

Selectthe Toolpath Strategies iconfromthe

toptoolbar.
! New 12X
2.50 drea Clearane | 30 Araa Clearancs | Drilling | Favolries | FNBENING | Porss
B30 Ot Firishing Brrofie Frshng | [EI|ER] @
B Constant T Finishing L Privjection Curve Fi
ltomer slbrgFnshing rpFrocton LN Pl - Freview
Ilamer submatic Finishing “BProjeckon Plare Fi
Corer MuliPencil Finighing TaProjecton Pord Fir
2 comer Penci Fnishing spProjction Surfaos

B comer Stith Finishing | Radial Finshing
“ieEmbeddad Fatem Fnehing

o Il eereed Constant 2 Finshing  @PRaster Flat Foishn

A Ciffet Flat Fireshing Rty Fikhing
Optimbsed Comstant T Finshing Bl Spiral Finshing
S Farametric Offoet Finishing P surfaca Finkshing
Fattem Finishing Yy Swearf Fanizhing
£ i ¥

Selectthe Raster Finishing iconthen OK.

! Raster Finishing Form

E% o | Rastor back Namethe toolpath

Taod - Raster_basic.
- o 0.0 —
i vz ~ [ :
Exart Corner | L w
Tokraress : 5 e Enterthe Tolerance
Tokerara | 0,02 Eﬂ Per peecicular Pass
S e o Pm.:mumlj a.S0.0Z a.nd
0 = | & | shataw argle [300 | Thickness asO.
Syt b Prada Bl Faas |
Steprrer : : EnterOrdering - Two
I ke g
Sepover | 10 - :Tv.-n iy L Way
Boundary ———— FCRA0LE [nn |
v * i) i The default tolerance of 0.1
Trimmin, {Keag Inside ~ + | ArcFRL] will give afairly coarse
Lascks and Lk : R e i surface finish. For afiner
Lead b | hore finish alower value such as
Lead oot | Hore 0.02 is used. A thickness of 0

Short Links [ Safe will machine the material to

Long Liks {53 size, within the tolerance.

Selectatool Stepover
of Imm.

Tool Axk

it

Cloraw
Apply andCancel the

Issue PMILL 7 63



4. Raster, Radial, Spira and Pattern Strategies PowerMILL

On closer inspection the tool path
contains sharp changesin
direction.

. )

Selecting the Arc Fit option in the form can eliminate these.

Right click overtoolpathRaster_basic inthe explorerandselect Settings
fromthe available menu.

=1
Selectthe Copy Toolpath iconfromthe form. ‘|
Mame | Rasler _archit H

= RenamethetoolpathRaster_arcfit.
Angla | 0.0
Siart Corner | Lower Left '
Perperdicular Pt
Pargerdicuila Pazs [
Checkthebox Arc Fit andchangethe Arc

Radius t00.1.

T vy ¥ The Arc Radius (0.1) is multiplied by the tool diameter
(12mm) to give afinal radius of 1.2mm.
This option is particularly good for HSM (High Speed
o wert[l  Machining).
A Fadivs (oW 0. 100

PressApply andCancel.

Zoomintothe sameareaas previousto seethe changes.

f{;"/// / T\KL\—JVI ;rf
§%; \ﬁj’%’/?

\Q\x\"‘-\. i H“-\-\. '\-\.\_.-"'.-lr

b S e /

"\-\._\_\_ ) -\H"‘-\-._ .-'"I -
Before Arc Fit After Arc Fit
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Where the toolpath is stepping over it islifting up to the Safe Z height each time. Thisis

wasting time putting in these unnecessary lifts. To make the tool path more efficient the

L eads and Links can be altered. -I _
Selectthe Leads and Links iconfromthetoptoolbar. EJ |

Selectthe Links tabonthe form.

! Toolpath Leads and Links Form

e Changethe Short linksto
ShortfLong Theadhold | 0.0 Short | Croar et uHCircmar Arc
Baract oo Aot higess L | Seim w
Aory Tood oy b Al | ohin -

snraci [igtce 00

Changethe Long and Safe links
to Skim.

spprpach Diatnoe 0.0

lewe Fi Mg rievis

] Gy Chwirch

I orpedy || mooen || cancad |

Apply Linksand Accept the form.

!/ Most of the lifts have been eliminated hence saving time and a
circular arc has joined the links between agdjacent toolpath
- tracks.

The next stage isto Animate the latest, Active toolpath, Raster_arc fit.

= & Toslpalln
w o g B Raer bk

v g B
= Took n
5 L
l::'b-:q.-'\-.'-:-r:‘a- ek Arive 1
F Fatiema TR
E {[:;ﬁ-:'r':: ety e plare
v .:\.! - T .
ok o ot s ToAnimate thetoolpath,
A o Pa Fcremin Bk . . . .
7 oo Bt S i right click overthetoolpathiconin
= = blaren Orra
b the explorer area, movedownto
e ) T F ) .
Cabr " Animate andselectthe required
rain simulationspeed.
Sre A Terplyis
] 0 E
Crage iredvicked MG Frograms
Lo Setin
EI
SREERE Fant
Fropeatiea
i iy LI "
Lrware Selecan Very Sl
=1 4 F
Faamres hom Foider
D Tt
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When the Animation - Start is selected anew toolbar will appear at the top of the screen.
Thisisthe Simulation toolbar.

® ‘D Eeva L JIE P HAP MWK T & *

When the Animation 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 Animation toolbar.

To see how a certain part of the toolpath runs in more detail it is possible to attach the tool to
an area and use the L eft/Right Arrow keys on the keyboard to make the tool move
backwards or forwards aong the tool path.

Positionthe cursorwhererequiredandright click ontop of the toolpath.

|
| :I Tavkats | Rxls_adn

1 | vpasimTd
|| | 2 v SelectAttach Active
MaPivdte Pdrbplans
‘_ i o Tool.
| I !. Pl Bk
il Smlaci S
I ‘ D
i || Drawing Ot
Crdur L]
1] — Usethe Left and Right
| " RIS CHTY arrowkeysto movethe
WS o " tool forwardsand
aioiion i ok backwardsalongthe

et et toolpat
N o ]
Fatrior

Peopuatig

o Bk . Tip:- Goto Help and in the Index

areatype Attach. You can then
s Furgs Fon Fader . A
Dt Fochit: display more info on 'Attach
: Tocdparsi 3 Active Tool'

Experimentwith someof the other optionsavailableonthe Animation
toolbar.
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Radial Machining

&
Selectthe Toolpath Strategies iconfromthetoptoolbar.
Fromthe formselectthe Radial Finishing iconthen OK.

! Radial Finishing Form

Hare | Radal Namethe toolpath
s Radial.
Cenke Pant
«|[# x|oo |00
ke oy |__Peset o Block Cente
Tokeanco | 002 @
Thknesss RI;:;,L o0 end (450 MakeRadius End 45.
a0 E
ik MakeAngle Start -60
ST Stk -80.0 End | 2500 g
Stop = o andEnd 240.
Bourdary .
TE vl; = pp— Set Stepover to 2 and
007 Two Way Joined Up
ticked.
Lk 2l Lirks ook | Tt A5y e «
Lazdn |Fore
Lead Cut | Fors
Short Links | Skim
Long Links | Skim L
Toal Axks :
Tocl dais | verscal
Clovaw
[ hpey | [ dcoept | [ el |

Setthe viewto lookdownthe Z directionand select Preview.

The route of the toolpath is shown with the Stepover being
angular as determined by the radial pattern.
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The toolpath follows the previewed radial pattern.

it ; Animate thetoolpath.

Centre Point

The Centre Point defines the origin of the radial pattern. By default the pattern isinitially
centred at the zero coordinates. This can be redefined if required to user -defined values or

aternatively be centred to the middie of the block by clicking the Reset to Block Centre
button.

Start and End Radius
These parameters determine the dimensions of the pattern and the direction of the first pass:

First pass
outwards First pass
/ T / T T inwards
{7 f (o Ny A
TN I R B PN
-. /o . f
1' Start / 1'5 ™ Endrad /
rad
End rad o Start o
W rad e -’

Start angle and end angle

These parameters perform two functions: The first defines the portion of the circular areato
be machined, and the second determines whether the tool tracks are generated in a clockwise
or anticlockwise direction. Angles are measured anti-clockwise from the positive X-axis.

Start angle (120) > end angle (0) - tool tracks generate clockwise.
Start angle (0) < end angle (120) - tool tracks generate anticlockwise.
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Tool travels anti-clockwise Tool travels clockwise
End angle
=120
W : Start
Start angle=0 angle =120 End angle=0
Stepover

The Stepover is the angle between consecutive passes. Note: - that further away from the
centre point, the coarser the finish due to the passes becoming further apart.

Join Up
Thetool tracks can be unidirectional or bi-directional depending on the setting of the Join Up
flag. Thisisillustrated below:

Ends of paises linked Ends of passes unlinked

e
»

Join Up flag set Join Up flag unset

Radial Exercise
Generatea Radial toolpathcalledRadial_1, usingthetoolbn12,
Tolerance of 0.01 and Thickness of 0.5. Setthe Centre PointatX 6.5 Y

26. Selecta Start Angle of 0, End Angle of 360, Start Radius of 0, End
Radius of 12 witha Stepover of 1.

Thetoolpath is generated in asmall area.

Animatethe toolpath.
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Spiral Machining
A\
Selectthe Toolpath Strategies iconfromthetoptoolbar.
Fromthe formselectthe Spiral Finishing iconthen OK.
! Spiral Finishing Form
= ] Namethe toolpath
Harme | Soral _
I@/ Spiral.
o]} = Cenkhe Pomit-
& v |enL2 v|[# x[ss 17 sl Setthe Thickness to
Talerance: |__Reset in Blodk Cerire | 0 and Stepover to
Toksaroe (.02 .
- | B e _ 0.5.
s : Strt [ 10.0 Erd 0.0
| AL Entera Centre Point
Drection | Clockwse w of X 8 Y 26, set Start
Stonoreer .
swepover (05| [ Rad!us to 10, End
Radius to 0 and
Boundary Direction as
ol 2 Clockwise.
Lacks and Links . ,
T A spiral toolpath isa
continuous one, where there
Ll Ot | Noma . .
are no links between adjacent
e L tool path tracks.
Lonwg Links: | Skim
Tool &xfs
Tool Axks | artical E
[_Preves ] Cloraw
| copw ] | oot J | Cancel |

Setthe viewto lookdownthe Z directionand select Preview.

___ model.

—

:: The preview toolpath is displayed over an area of the

Apply andCancel theform.
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Pattern Machining

This technique requires a user defined Pattern for projection onto the model as atoolpath.
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 asimported Wireframe
data.

Delete All and Reset forms andfromFile > Examples selectthe model
swheel.dgk.

The component is circular as aresult of which the Block - Z Minimum and Z Maximum
will be developed as a Circular billet.

Selectthe Block iconfromthe top toolbar. @

! Block Form

et o (L SelectDefined by - Cylinder.

The Radius is worked out automatically when the
Calculate button is clicked

Cyplriker Paranaiens

Corie X | 0.0 By Fades e [
cawmey |00 | &) e SelectCalculate.
Esfimabs Limik
Tokraca 0L Type  todel =
2 nne b To providemorestockon the base Modify
Cvaw ] opacty 3 the Min Z valueto -1, Lock thevalue,and

§ et ] [Eanst ] ‘\ Accept.

B

The Block canbe displayedas wireframeor of variable Opacity upto
solid, dependingon the positionof the Opacity sliderswitch.
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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.

The object of this Pattern exercise is to consolidate some of the training covered earlier as
well as alowing the user to simulate the Pattern strategy at the correct stage in the overall
machining process.

Definea Tip Radiused toolwith Diameter 10, Tip Radius 1 calledD10T1
andmakethis Tool Number 1.

Definea Ball Nose toolwith Diameter 6 called BN6 and makethis Tool
Number 2.

Activate the D10T1 Tip Radius tool.

Inthe Rapid move heights selectReset to Safe Heights.
Calculatean Offset AreaClear Model toolpathusingthe following
parameters:Name - RoughOp1, Tolerance 0.1, Thickness 0.5, Stepover
5.0, Stepdown 1.0, and Cut Direction Climb.

Simulate thetoolpathin Viewmill to
givearesultsimilarto as shownlett.
Activate the BN6 Ball Nose tool.
Calculatea Spiral Finishing toolpath
usingthe followingparameters:

Name - SemiFinishOp1, Tolerance
0.02, Thickness 0.2, Stepover 1.0,
Centre Point X 0 Y 0, Radius - Start
62.0 andEnd 0.0, and Direction
Clockwise.
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Simulate this newtoolpathin Viewmill.
Right click overthe Semi Finish toolpathinthe explorer andselect

Settings.

Fromthe formselectthe copyicon.

EnteranewName - Finish, changethe Thickness to 0.0 and Stepover to
0.5 then Apply and Close theform.

Simulate thefinaltoolpathin
Viewmill to givethisresult.

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

A suitable, pre-defined Pattern will beimported for use with the strategy.

.mhl' Proxyane: R . . .
5 4 gty Rightclickthe Pattern icon inthe explorer and
=
W Ll owm selectToolbar....
g 7Ll BN
{2 Bourdarios . .
7 — When Toolbar is selected off the Pattern menu it loads a new
'jf m Patterre toolbar into Power MILL. The toolbar contains icons to create an
& 3} Lovels m empty Pattern and load different types of entities into that empty
iy Crestn Faen pattern.
F s Thetoolbar can be removed from the screen by clicking the small
& B T e e M L )
X at the right.
Doacirant
Cravw SH
Uity 211
Edt [
Crnats Foidher I 1 '
Gt )’ﬂ 1 J ZF el e @ﬂmﬁ SR ¥
Selectthe Create pattern icon. o5

Clickonthe Insert file into active pattern icon.
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! Open Pattern EE
.E}E e y— S oaom Selectthe eg button.
flFroyam =t

& hrchioirlsl_padtempi:

Doubleclickthe Patterns folder
andthenselectEngrave.dgk.

SelectOpen.
Fie fam £ ngrwen.dgk. I Opeer ||
| - PErcd o [ W e [ gk Derabel o) et (N0

The Pattern is made up of 2D flat geometry and lies at the bottom of
the block. Thiswill be dropped onto the model in 3D form while
creating a single pass tool path with a negative Thickness vaue.

Definea Ball Nose tool
with Diameter 1 called

& n 1 s oy aveng BN1 and makethis
- Tool Number 3.
Tin! : £t s G
) > ey ” @ Use Toakeat [
Patmm |1 s Selecta Pattern
Tkt anCes . .. .
Tokrarce |0.02 5% e | Patiorn : Finishing strategy.
Podent Machina [+]
Thicknseess
=] Lfreer Ll
(7] o (B Baes Posioer | acmae. |9 Enterthe Name -
S EngraveOpl.
g ayoklancs
e : Enterthe Tolerance as
X o ol : 0.02 and Thickness as
uktiplke Cuts : -0.4.
Lesachs Sl Lirks

Loadin | Hona . SelectPattern 1 (if not
Lead Cut | Hone m-L alreadyselected).

Ehort Links: | Skim
With Automatic set the pattern

Loy Links | Skim ]
[‘ﬂ will be Dropped / Projected
onto the model.
Toal Asks -
Tond Asis [ vertical 1
: Select Apply then
[_Prawiaw | Clovaw Cancel theform.

[ epol | | Accept || cancat

By entering a negative
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Thickness the tool will machine into the previously finished surface. Thisis frequently used
for engraving, or to achieve a spark gap when machining part of a component as an electrode.

) ﬁ“fg;:r_-:'_:'. Openthe Leads and Links form
Py ';,;i”i:_"’ . andApply the Short, Long and
f}ir ff?_,f , Safe Links to Skim.
.. - .-"'-.- = — i
.-I_.-'::r-__-"y-. : . .-..___.-'-'_ it} '.T',-X \:\
¢ ry oy 3 J
;" f: / g \5\% ,_,-«'@“I /. The Pattern has been de-activated to enable a

o " e

T .{I better visualisation of the toolpath.

¥

Animate thetoolpathand simulateit in Viewmill.

The ViewMill block has been painted so that the
final Pattern toolpath appears more pronounced
during the simulation.

Save the Project as Pattern Machining in C:\Temp.

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

RightClickModels onthe Explorer and Select Delete All.

UseFile - Examples andloadthemodelphone.dgk.

Deactivate ToolpathEngraveOp1.

Reset the Block, Rapid Move Heights andthe Tool Start Point.
Generatea Pattern Finishing toolpath leavingall valuesas before.
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The Pattern, 'Engrave’ used earlier has been re-used on this model. If the patternisin the
wrong position, it can be moved using the options on the Pattern - right click menu.
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5. 3D Offset and Constant Z

Introduction

In this chapter 3D Offset and Constant Z finishing strategies will be applied to a model that
consists of acombination of flat and steep areas plus a pocket with vertical walls.

3D Offset Machining defines the tool Stepover relative to the 3D surface shape providing
consistency over both flat areas and steep sidewalls. In this exercise applying this tool path to
the compl ete 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.

Boundaries used correctly will limit the 3D Offset tool path to the flatter areas leaving the
remaining steep areas to be machined using the Constant Z strategy.

Delete All andReset forms andImport the model
PowerMILL_data\Models\camera.dgk.

This model isagood example whereit is
a better option to use more than one

,ﬁﬁ-i} finishing strategy. 3D Offset and
AN fn.f i EH-E'—:.} S Constant Z strategies will be used and
ol e e | they will be they will be kept separate by
B being limited to a Boundary.

Before finishing can take place an Area
Clearance toolpath will be created to
remove the bulk of the material.

Calculate the Block to componentsize,in Rapid Move Heights apply
Reset to Safe Heights, anduse Block Centre Safe forboththe Start and
End Point.

Definea Tipped Radius toolwith Diameter 25 and Tip Radius 3 called
D25T3.

Calculatean Offset Areaclear Model toolpathcalled RoughOp1 usinga
Thickness 0.5, Stepover 10 and Stepdown 3.

Simulate thetoolpathin Viewmill.

TheViewmill simulation should look
something similar to this.
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Definea Ball Nose toolwith Diameter 10 called BN10.

We are now in a position to define the Boundary. Certain types of Boundary are calculated
based on the Active tool.

The Tolerance and Thickness values in the Boundary forms are important and normally
reflect the same Tolerance and Thickness values with the subsequent tool paths applied to
them.

m o
{9 1iC Prosprama
= & Tookmalhs
SRR BT DAt
# Tanls . . . . .
1 L pezma Rightclickonthe Boundaries icon inthe
- = man
ol s explorer andselect
(2P Famalsries
FR Create Boundary -> Shallow.
o W [Ra L
y  Creais Borelay Bl
"{ P,
¥ o By Hames ¥ Geieodd Santhne
- st W
bt i Caliion Ry
(= = S bl P!
Cramst &l Corrict P}
Lirchsas &1 Carrinc i Cormvarzion
Thidsscs L Duiirmind
Rt L
LFeaiE o Oer
Cminéy 2]

R PSEd 3l inputthe Name - ShallowBN10.

E @ beame | Shallowkrild

Upper Argle | 3000
Lower Argle | 0.0

Inputa Tolerance 0.02.

Talsrao=s
Tolkrarce | 0.02
Radial Thickness | 0.5 Tickthe Use Axial Thickness boxandentera
Auial Thidnass | 00 frf Radial Thickness 0.5 andan Axial
@ Use Axial Tl'ad:n-nssli]‘/ Thickness 0.
T\'_'!.-: :
] e BHID ¥ |
CILemit Bourdary

Caustomatic Callision Chedking

|_#ppty || accept || cancel
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! Shallow Boundary [2 |[X|

i Ma ShallaowBrn ;
E GaaITe | >IN A Shallow Boundary defines segments from areas on the

model that are defined by an Upper and L ower threshold
Lawer Angle | 0.0 angle. It is therefore specifically suited to steep walled and
shallow surface machining techniques.

Taler arices

Tokrarce | 002
Radial Thidnass | 0.5

i duizl Thidness | 0.0 With Radial Thickness set to 0.5 the stock thickness | eft
E Usa jodal Thickness ] on the sidewalls from the roughing will not be machined at
Too! this stage.

ﬁ__ll w B0 e
Lt Bouuncdary Makesurethatthe correcttoolis Active, in

thiscase BN10.

Clautamatic Callision chedting

Apply and Accept theform.

ooy ][ accept || concel |

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 aress.
Any of which can be selected and individually deleted at any time (only before being
assigned to atoolpath).

oy
Selectthe Toolpath Strategies iconfromthetop of the screen. ‘&‘
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:ru Raarie | SDOIME2IEHLT Enterthe Name -
= 3D Offset BN10.
1:| u'_'nf-_c- ' v Ei :Enq”.:l
' Mavimum Offsats [ 1] SelectDirection
TLB?m:'Ichr.u iz @ | 'JJ/ - Climb.

| | Saktern /
' 2] : Entera
|_| o1 E Car&ation | Clinb

:'I"l'l!-:l'l_E'?:}
s Tolerance 0.02.

Sheponer :
SO Entera
Bourdary Thickness 0.
B v | Shalloeir |
- = Notice that the newly
Trimmend |Kesp rekda i
created, Active
Leadsand Links Boundary is
Leadin | home automatically selected for
Lead Cut | Hane use. If adifferent

Boundary isrequired it
: can be selected from the
S LR R pull down menu.

TR Em'\ Selectthe Leads
ool Axte

Toal #xks [ Vertical [ and Links icon
andsetthe Lead
In to None, Links
- Short and
Long Links to
Safe

Short Links | Safe

[ apek | [ Accept || concel

Thetoolpath is calculated following the
contours of the Boundary segmentsand is
produced only on the shallow areas of the

:E__ &=, Model.
- x L Ll et Further improvements can be made to this
e, #“‘1\ & toolpath with respect to the Links between
om0 toolpath tracks. At the moment they are all
T at Safe Z.
- =
Selectthe Leads and Links iconfromthetop of the screen. llg‘] |
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5. 3D Offset and Constant Z

Selectthe Links tab andchangethe Short Links to On Surface, the
Long and Safe Links to Skim.
Apply and Accept theform.

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

Simulate the 3D Offset toolpathin Viewmill.

Rightclickovertoolpath 3DOffsetBN10 inthe explorer andselect

Settings fromthe pull downmenu.

Selectthe Copy icononthe form.

' 30 Hf=et Finishing Form

d Renamethetoolpathas
L] e 00D 2eb 3DOffsetBN10_Spiral.
T.-..-\-:U e ? E - =T 7:1_\_\_\_\_\_\-
e s Tickthe box Spiral.
Tedrwrica |03 § Fazatn =
yjEn (i oo w8 Leaveall othervaluesthe samethen
it Apply andCancel theform.
Eorslay sian
By v Sraoein . =
I ] o frpide

The Spiral optionisideal for
HSM (High Speed Machining)
applications where ideally
toolpaths should be as continuous
as possible with the minimum
sudden changes direction. L eads
and Links are greatly reduced
using this method.
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Constant Z machining

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

STEFOVER
Z STEFOVER

S

o

Pt

- 1T

=

0

i

As the component surface becomes shallow the actual tool step over increases until it
becomes non-existent on flat areas.

It is possible within the Constant Z finishing form to apply avariable stepdown by applying
a Cusp tolerance in conjunction with amax and min stepdown. While thiswill generally
provide a more consistant stepover relative to the angle of the model it will not help at al for
very shallow or flat areas.

&

Selectthe Toolpath Strategies iconfromthetoptoolbar.

T New R
50 i S ance | 0 Anea Clr--.tl.u_ Ceill iy . Piwour P Frshing |Pirk |
{3 30 Ot Fivsd etk Fshrg | [EE] 2
A5 P e Lo Curva Fi A
’/_/JF-L'HrH Ay Pk rg -j-'l"'uhq.lulLrHl il -Provies
Selectthe Constant Z Correr faromale Fnehirg SeFmjeslion Flre Fi
L . Comer FybFencil Frishing P jaction Foirk Fir
Finishing strategy. Comer Fencl Fishing Frojecton Surfacn
B Correr SuichFinkhing acial Frishing
"o Eroandciond Fatorn Frdshing Ry Frishing
ol Irrorkeawed Corstant 2 Finsrig  @AlRarnior Flak Frsshin
1 O Flat Fireshing Fulary Frkdhing
I Cptimised Covedtart 2 Frvdhing ial Frvshing
| Paraisstye Cifesl Prishirg Surfen Pisfes
Patisn Finihryg c.'.'hwrrl'rrnllrij
) ¥
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Iﬂ] o i Entera Name

L ConstantZBN10.

ool rall’l
]« [0 v A 7

" Seta Stepdown of 1.
Prdmrsm Stepdaam | L0

Tokraren |2 |§| :
ek Sk Enterthe Tolerance as0.02
L] oo L
Shanceet Cormer o e hon
Setthedirection to Climb.
E-:LI'!C-.I'[

£, ~ [shalowain [

Trisiraie] Keop Cutside = Pocket iachine B Setthe Trlmmlng to Keep

Eamins Drecton | ik Outside.
1, sl LS
Lazd In

Moz
Lead Cur | hone
Short Links | Saf
Lorg Links: | S

()

ool axke
Tood fa | erical E

T B T Apply thenCancel.

Lo 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 something like this.

It can be seen that the parts of the toolpath on the shallow
areas have an excessive Stepover .
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To further improve the new toolpath the L eads and Links will be modified.

1 T|H|-1p!.1.ll Leads and Links Faim A 1 1
Selectthe Leads and Links :a:
s L Ot (=~ a ] wrkx i
T Heighra Fretinsd In Lead In Lract iconat the top of the screen.
Lk Choiew | ovigordal B Loft (& rd Chace | fiona L
Ol | 0p
Ercis | L0
Faclam 20
Selectthe Lead In tab andchange
o IO ; t . .
il S Y the 1 * Choice to Horizontal Arc
Ejih:h!mmﬂnﬂwﬂ .
T Left, Angle 90.0 andRadius 2.0.
el Geemg e
| comtmstone | | comtonisatout | | iphiestine | Clickthe buttonCopy to Lead Out.
| aew | et || Caeml |
i Illl;l-h. Fref land [ns Lmard In | L] Cf
i Lawi Land Cuk Eirecrs Linkz
| ShiefLorg Theesheld | 100 Sharl |Gkn &
Rt an pnel Eppa Mo Lore) mim w

dong | tool et e [gan -

Selectthe Links tab andchange B meny
the Short, Long and Safe to i i [0
Skim.

[l Frdaged Pirvs

Apply and Accept theform. A eusge Chadk
g [ eebns |
| Apdy | [ Aot | darcal |

The tool now leads in and out of the toolpath with a

f““,.s,’f -#,;:*f. il horizontal arc.
LA If the tool liftsit will only lift by the skim distance
¢ At taken from the first page of the Leads and Links
o 14 A% mra . F .
| Fa oS i form (Z Heights tab).
N AT, f’/x"; The Rapid moves at skim height are purple in colour
2 M AT while the plunge moves are light blue.
T_.-I‘}rd%_.-:':-’\__,-"'r.l’ Iy
b .
‘.-'-.._.-’j' e e
- Py .}r'_."_ F
- Pty r
M - - {i_w
R ——
- o -"'."-.-'"' Fl
] - i o |
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Simulate thetoolpathin Viewmill.

Other Constant Z Options

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

The Pocket Machining option if ticked will allow independent machining of local features
such as pockets completely from top to bottom. If unticked the whole area of the component
will be machined at each separate stepdown height.

Optimised Constant Z Machining

This strategy is amixture of Constant Z and 3D Offset machining. Where the model is steep,
Constant Z is used and for other areas, 3D offset is used.

Closed Offsetsif ticked will cause the 3D Offset areas of the machining to be ordered to
occur from outside to inside. The reverse applies if Closed Offsetsis unticked.

Deactivate the Shallow boundary, ShallowBN10 inthe explorer.

&

Selectthe Toolpath Strategies iconfromthetop of the screen.
SelectOptimised Constant Z fromthe Finishing strategyform.
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EnterName -
OptConZBN10.
B Hame | CptionZBH10
Toal _ — sl SelectClosed
1) « it v [ El:rE-EI:‘I::fTﬁm# Offsets.
Tokerares Coarackion Chmb L
Talkerance | (02 E Cluse Separats Offet Sepover == . .
e Setthe Direction to
IFTEENETS )
|_J oo @ Climb.
Stepowar - e Inputa Stepover
Stepover |10 | | Al valueof 1.
Bourdlary
ta - - o Makesureno
' boundary is
selected.
Leads and Links
SR Enterthe
Ll s Tolerance as0.02.
ShrtLinks |Safe
Long Links | Safe
@‘_ Resetthe Lead In
andLead Out to
Toal Ak
Tool s Vertical E None.
Carcel
Lsoch J| dcoept ot | Apply and Cancel.

Note the consistent Stepover between tool
tracks across the whole component.

Optimized Constant Z has performed well
in this example but it does take longer to
calculate. Sometimes it is better to use
Boundaries with a combination of 3D
Offset and Constant Z.
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Selectthe Leads and Links iconfromthe top of the screento bringup the
formandselectthe Links tab.

! Toolpath Leads and Links Form

Z Haights EirstLaad LBad 1 LBad Out Changethe Short links
Last Load Cut Eatensions Links to On Surface.
SharyLorg Threshcld (100 Shart f-:.'-.sfn |

Rabatl and Apgristh Mives Long :é-:ll'-ﬂ RIS v | Changethe Long and
shorg [Tocl e | saft [Zam "'| Safe linksto Skim.
Retract Detarnos (00 |
epproach Distarcs (00 |

Apply andAccept the
[Carc =it Rapid Moves = form.

[#] Gouge Chack

[

Lseptr ) [ accept | | Corcet |

Both the Constant Z and 3D Offset parts of the toolpath currently use a1lmm Stepover. By

ticking the box Use Separ ate Offset Stepover it is possible to apply adifferent, larger
Stepover valueto the shallow areas created with the 3D Offset strategy used in this hybrid
form.
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Interleaved Constant Z

Thisisaform of Optimised Constant Z finishing with additional 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.

Selectinterleaved Constant Z fromthe Finishing strategiesform.
Enterdata exactly as shownin the followingillustration.

Y Interleayed Conslant T Fanishing Form

Enter Name as

Nare [ Intrimmvedz sh10 InterleavedCZ_BN10.
T 1 Thrashoks fngls -?.-:..-:-'
| Lo “[# = Inputa Threshold
-~ Cffsmt Owerlep | 2.0
Todsaree | 04 | @ Direction | Clret -
T ks . Ehrh-l A Ry Hm :
(] [0 & Shadons Sapovar | 10 _ Inputan Offset
- ; Overlap valueof 2.
Shapareer 7
Ttepovar |05 |
Eecrorediaiy
B > il

Apply andAccept the
form.

88 Issue PMILL 7



PowerMILL 5. 3D Offset and Constant Z

Introduction to NC Programs.

At this stage we will start looking at post processing a single toolpath from the explorer as an
introduction to outputting NC Programs. NC Programs will be covered in more detail later in
the course.

%9 C Frograms
= 4 Toolpaths
; # RoughOp1 All of the toolpaths that have been created in this chapter
; B 300f=tEI0 should appear in the explorer like this.
, B ID0fE=BNIO_Spiral “hisintroduction will concentrate purely on the output of

-. g E.E:Cshc;mﬂtﬁﬁ?ﬂm one single toolpath - Rough Op1.
.8 > OptConZBN10_1

w9 Tools
#-{_* Boundaries

+

o T L L

T Y Ay

RightclickovertoolpathRough Op1 intheexplorer.
g KT Frograms
= 55 Tookiaths
s o o [
: j :E Rntngheapl
+ :;.i
o, 1‘ Al

ACivate Wiorkplans

Selectthe Create Individual NC Programs

oF Feabn Recroatn Bindk
+ i workp ekt Surfanes
3 1::-.;' Losnk Crara
Lo e i) Copplacns ¥
Ciobour
Rename

Eawn o3 Tomplabo

Aod o ¥

= {9 NC F"’E'EII"E‘"“ An NC Program is created called Rough Op1 and contains the
R PL toolpath.
+ & Roughop

Rightclick overthe NC Programand select Settings.
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' MC Program : RoughOpd

The path to where the program will be
output.

harng AoughopL
Ol Pl | g S v Wi n)|
Madhing Cedion Fig © Sdnam ndn s oo phadadn n

Cuipast Workplars : Part hseres | Ppiop] Before post processing can occur the
Fresgrars hnicer | L Taalvate | 1 - required option file (*.opt) must be
selected.
Tiwdl TETDET  haredke T L Dhpihone] TodllD Type
AnasghopL 4 X 2 25 0eaT= TIRRaOIES; )
Selectthe foldericonto open
upthe Select Machine
* £ Option Filename form.
[P Tool Chande: on ks Taal = ool FUsTEenng | e Specifisd . w0
Tl Chuncs Pastbor | &fer Crmscin
Toey s RoaghCniL
T
0 DEST R Trand hurrices | 4 mom Lengih | 1250
CUrtET ComperEastion
Leragth |01 % Py | ke - R M
& ROl Cockd | Sharwland L | =
Trifirg Cytle Culpat |00 (= EJ x
égljm“- o o
I T I I e I I perrer I I ke I [ S Py T T—— w E_';..-___"i

Selectthe Heid400.opt and
thenOpen.

SelectWrite atthe bottomofthe NC Program form.

M
Closedownthe subsequentform, whichconfirmsthe outputusing. —I

The contents of the NC Program can be viewed by double clicking on it in the
C:\ NC Programs folder and view it in WordPad.

B ROUGHO~1.TAP - WordPad ' =10l x|
File Edt Wiew Insert Formst Helo

D]ﬁ|ﬂ|§@|_i Y e

BEGIN PGH 1 MM ﬂ
TOOL DEF 1 L4+0,000 B+0, 000
TOOL CALL 1 Z 31500,000

L Z4%2,000 RO F9999

L X=49,306 Y4353,803 F999% MO
L 2437,000 MOS8

L 2+31,172 F500 M30

10 L E-49,181

11 CC F-49, 181 ¥+32,732

12 C F-44,181 ¥+37,732 DE-

13 CC X-42,110 ¥+39,803

14 © X-39,151 ¥439,803 DE+

1% L ¥Y+109,303

le CC X-36,831 Y4103,503

W -] omoin kb
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