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Forward

The full version of the ZW3D documentation is available by selecting Help Browser
from the ZW3D Help Menu. Go to the "Program Folder\doc" directory on the ZW3D
program directory and open the file "ZW3D.chm".

This CAM Training Guide is available as a printed manual and in PDF format. To view
or print the PDF version, install the Adobe Acrobat Reader and open the corresponding
files in the "Program Folder\PDF"folder in the program directory. Refer to the
HELPManual for information relating to specific tasks.

NOTES:

1. For best results, view and print the PDF version of the documentation using the
Adobe Acrobat Reader.

2. Since the CAM Training Guide is only a portion of the complete documentation,
it is highly recommended that you utilize the HELPManual. You will find
additional topics, more information on command options, input options, additional
command notes, and cross-links to related tasks and topics.

3. It should be noted that the HELPManual will always be more up-to-date than any
printed or PDF material. If you find any discrepancies between the two, always
refer to the HELPManual.

4. While you are working with ZW3D, simply press F1 to view the documentation
about the command you select.

ZW3D Training recommends that users print or make an extra copy of Appendix
B and Appendix C to use as a quick reference guide for ZW3D milling operations.

To help you customize your CAD/CAM requirements, please contact our Customer
Support department on our website http://www.zwsoft.com/or call at (8620)38289780
ext 565. You can also contact your local sales representative or application engineer to
discuss your requirements.

Thanks for being our customer!
Team ZW3D
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Preface:

The units used for this training are mm. It would be a good idea, if you are not already
using mm, to make a copy of your fi_ configofile as a backup, delete the i configofile
and restart ZW3D. You will be asked what units you want to work in and you should
choose mm.

If at the end of this training exercise you want to return to your previous units, delete the
current fi_configofile, rename your backup to fi configoand restart ZW3D.

Requirements and Advantages:
Some of the requirements and advantages of ZW3DQuickMill are listed below.

U ZW3DQuickMill is based on an internally calculated STL triangulated
representation of your part, therefore the geometry must be based on surface or
solid data. Wireframe geometry is only used to limit the toolpath to specific
regions.

0  ZW3DQuickMill produces gouge free accurate toolpaths based on user specified

tolerances.

0 ZW3DQui ¢ k Mi | | parts do not have to be ASol i
multiple surfaces with small gaps, overlaps and inconsistent surface normal
directions.

0 ZW3DQuickMill is fast, toolpaths are calculated in stages. Each stage is saved in
a special area called fAcachedo. The advant a
recalculated only the parameters that are changed will be actually recalculated
and not the entire toolpath. ZW3DQuickMill will look in the cache area for the
latest existing toolpath data and reuse it wherever possible, so that the same
calculations are never unnecessarily performed twice.

U  ZW3DQuickMill supports a variety of modern milling techniques such as:

High-speed milling.

Rest machining based on previous cutter shape.

Sequential rest machining based on previous operations.

Adaptive feed rate control based on volume of material removed and
current cutting condition.

A wide variety of lead in/fout options combined with advanced linking
between toolpath regions.

o Advanced limiting based on clipping and containment, allowing the user to
choose shallow (flatland) milling, or steep regions only, etc.

O O OO0

o
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Chapter 2 Basic Walk Through
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STEP 1 - Open a New File

In this step we will open a new file and create a new CAM Process Plan.
1. If you are currently in an active part, pick & to return to the object level.

2. Pick FileSave gor Save All to save any files you have worked on in the active
session.

[

3. Pick File>New or pick the Create a new file icon - from the Quick access
Toolbar or press (Ctrl+N) to display the New File/Object Form.

4. We can use the New File/Object Form to create a new ZW3D file and our CAM
process plan at the same time. Select the CAM Plan icon

";g,enterMy_CamPlan.Z%s the file name and , if you like, Descriptionand then
pick OK. Both the new file and the new CAM Process Plan will be created. You are
now at the CAM level. The new CAM Process Plan is created and activated. The
ZW3D Title Bar indicates this with the descriptionfFile [My _CamPlan.Z3]a

STEP 2- The CAM Plan Manager

You will notice on the left side of the display the CAM Plan Manager. *g
All CAM activity is performed using this manager.

Items such as Geometry, Clearances, Frames, Tactics, Operations, Machine and
Output should be displayed.

The CAM Plan Manager

A default setup is already created for you containing all of the elements needed to get
started creating tool paths. Functions are performed by either selecting an element
directly (e.g., Geometry, Machine, etc.) or by right-clicking on an element and selecting
from the Object Editor popup menu. Elements that require further definition are
indicated as (undefined). Definitions should flow from top to bottom.

You can toggle the CAM Plan Manager on and off using the Managerbutton on the
Status Bar.

STEP 3 - Inserting the CAM Geometry

Let's begin by inserting the CAM geometry that we'll use for this avalk throughé 1t 6 s
assembly consisting of a part, clamps and stock. Each is component within the

CAM 7


file:///E:/VX%20Work/RoboHelp%20Builds/4449.htm
file:///E:/VX%20Work/RoboHelp%20Builds/0169.htm

ZW 3D

assembly and each have the appropriate CAM class attributes assigned to them. Refer
to the Part Attributes Form for more about assigning CAM class attributes at the part

level.
1. Under Setupl in the CAM Plan Manager, Double Left-click on Geometry. This will

display the Shape Browser.

Notes:
Items in the CAM Plan Manager tree are context sensitive.

Right-click to access menu.Left-click to select.

Double Left-click on Geometry will automatically execute the first
command( Insert ) in the menu.

In the Paths list of the Shape Browser, locate the "\training" sub-directory of your

ZW3Dprogramme directory. If the directory is not listed, select the folder icon !
below the list and use the File Browser to locate and select it. It will then show up in
the Paths list for selection. (Lower case letters at the bottom of the list)

Now the Files list shows all of the ZW3D files located in the "\training"
directory.Select the file "millbottle_Cam.Z3."

From the Shapes list, select "camassyo .

. Pick AY e stainsert the assembly. It should look like the figure below. Notice that
the part, stock and clamp components were added to the Geometry tree in the CAM

Plan Manager.

CAM geometry
1.Clamps( Includes Table) 2:Part (Stock not Shown)

You can double click on each component& icon to toggle its blanked state.

STEP 4 - Clearances and Frames

CAM 8
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You will notice in the CAM Plan Manager that Clearances and Frames are listed under
Setupl. These are already assigned default values and we will not change them here. A
set of default clearance planes were automatically created when the CAM assembly
was inserted in STEP 3. Refer to the geometry figurein that step.

Setupl will automatically use the world XY datum plane as the default Frame. We can

use these clearances and frames for now. You can customize them in future CAM
plans. Let's continue.

STEP 5 - Creating an Operation

As you can see, the CAM Plan Manager makes it quite easy to create the elements

necessary to create a setup. Our geometry, machine, clearances and frame are all

specified. Now let's create an operation.

1. Under Setupl,doubleLeft-click on Operations.
This will display the CAM Operation Type Form. All ZW3D CAM milling operations
from each tool path group are listed on this form. Optionally, you can select the
operation from the toolbar.

2. An operation which can be applied to whole CAM Components, without any other
features present, is "Lace." %il t6s in the Finishabng group ol

3. Select it and the form will close automatically.

4. Now notice that a new operation calledLacelwas created with default parameters

and added to the Operations tree. Parameters that are initially undefined for a new
operation are indentified with {undefined)a

STEP 6 - Specifying a Tool

You will notice that the Tool for the Operation Lace 1 is currently (undefined). Let's
specify a tool to use for this operation.

1. Under Lace 1,doubleleft-click on Tool. This will display the CAM Tool Manager
Form. It allows you to create, manage and select tools for operations.

Notice that by default, ZW3D creates an end mill tool. Again, you don't have to
name your tools since ZW3D CAM will assign names automatically but it helps to
recognize them when you have quite a few. So let's name our first tool.

2. Type "my first tool" (without the quote marks) in the Name field.

CAM 9
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3. Tool properties are listed in the top center of the form. It contains the default
properties for our end mill tool.

4. These properties are fine for our demonstration.

5. The Shape section is located at the lower left corner. These properties will be
assigned to the active tool (i.e., "my first tool").As you can see, 10mm Ball End Mill
is the default tool.

Again, these properties are fine for our demonstration.

6. Now pick OK from the CAM Tool Manager to create our end mill tool.

You will notice in the CAM Plan Manager that our end mill tool has been assigned to the
Lace 1 operation.( See Tool option in Lace 1 Operation )

STEP 7 - Tool Path Operation Parameters

It's time to set the parameters for our Lace 1 operation.

1. Under Lace 1,select Parameters. This will display the Lace Operation Definition
Form.

This form contains default parameters that we can use for our tool path. In the future,
you will use these operation definition forms (referred to as Opdefs) to customize the
cutting parameters for your operations. Each operation type has an Opdef form similar
to this one.

2. For our tool path the default parameters are fine. Pick OK to close the Opdef form.

STEP 8 - Assigning the Features to Cut

Now everything is set for our Lace 1 operation except for defining what part features to
cut. You're doing excellent so far and this is an easy step so let& do it.

1. Under Lace 1 in the CAM Plan Manager, you will notice that Features are currently

(undefined). Right-clickor double left click on Feature(undefined) to create. We
will selectgeometry from the popup formfSelect feature for operationa

For this demonstration we want to machine the entire part. In the future you may
want to machine individual CAM features such as pockets, steps, etc. You would do
so by creating additional CAM features from part geometry. So let's continue.

In the form
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2. SelectPart :camblank (1) < millbottle_Cam.Z3 and notice that it has now been
added under Features as well.

STEP 9 - Calculating the Tool Path

Now that we have the Laceloper ati on compl etely defined, I
path. This again is an easy process.

1. Under Operations, right-click on Lace 1 and select Calculate.

2

1:Part 2:Toolpath

A Quick Mill Progressstatus bar will be displayed in the bottom left corner of the
display while the tool path is calculated. When complete, the tool path will be displayed
on the CAM assembly in the graphics window as shown above.

STEP 10 - Creating a CAM Machine

Now that the CAMtoolpath has been generated, we need to specify the machine
parameters used for this Setup. These parameters include: X,Y and Z limiting, Tool
Changer, Machine Definition Files, Cutter Compensation, Rotary Axes and Offsets and
Post-Processor. Notice that (undefined) appears to the right of Machine in the
manager tree. Let's create a new machine.

1. Inthe CAM Plan Manager Doubleleft-click on Machine. The CAM
MachineManagerForm will be displayed.

2. Youwill noticethata def ault machine is alr-axady speci f

machining center with a rotating head. The post processor is ZW3D Post and there
is an extensive list of configurations predefined. Pick one that you are familiar with.
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If you select Options, Limits, you will notice that all of the parameters have default
values. We don't even need to give the machine a name but let's do so anyway.

3. Inthe MachineName field enter "my first machine" (without the quote marks).
4. Now pick Apply to create the new machine.
5. Pick Tool Changer in the Options part.
6. Click on Add Allin the Machine Tool Changerform.
7. Click OK to finish adding the tools to the changer.
8. Click Yes to save the modifications to the tool changer.
9. Click OK to finish the Machine definition.
Notice that the name of our machine now appears to the right of Machine in the

manager tree.( Names and values appear in the manager tree to ease recognition
and navigation.)

STEP 11 - Rapid Verify the Tool Path

Congratulations! You have now created your first tool path and defined the machine that

will do the cutting using the new ZW3aDCAM i nterface. As you can se
simple process that uses the power of the CAM Plan Manager to assemble, define and

calculate tool paths. In the future, you can use this same process to create multiple tool

paths within a setup using entire parts or CAM features.

But we're not done yet. Letbés perfoomakea rapid
sure it looks ok. This is called a rapid verify because the tool and tool path are displayed
in wireframe mode as the tool rapidly moves through its motions. Here we go.
1. Under Operations, right-click on Lace 1 and select Verify. This will display the
®
Toolpath Verify Form.( shortcut to &/erifydat the bottom of the Parameters form 'J-|)
This form has controls to move forward and backward through the tool path. Overall tool
motion can be verified or specific motions within the path. The coordinates and tool
normal are displayed for each tool positoninéd Wor | d SpacedSefupy default

2. Select Optionsat the bottom of the Toolpath Verify form.

3. Select Frameto select from available frames or local coordinates. In this case we
dondt have any.
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4. Select the f>0button to set the tool in motion. It will move through its approach and
retract motions as well as each cut in the tool path.

5. You may not want to wait for the tool to complete its entire path. You can pick || from
the Tool Path Verify Form to stop the tool and then pick the close box Xl in the top-right
corner of the form to close it.

1: Toolpath 2: Tool

STEP 12 - Solid Verify the Tool Path

You can also perform a more visual solid verification. The components (part, stock and
clamps) in our CAM assembly are solid models (although you can also use open
surface models). During a solid verification, the display is changed to shaded mode and
the actual material removal is simulated and displayed.

I3
( shortcut to &olid Verifydat the bottom of the Parameters form ﬁ)

1. Under Setup 1, you will see Output at the bottom of the tree. Select it now and the
CAM Output Form will be displayed.

Notice that our Lace 1 operation is listed. This form contains Organize, Verify,
Document and Viewer tabs. You can organize your operations using the functions at
the bottom of the form (e.g., Edit, Suppress, Inquire, etc.). You can verify your tool
paths using rapid and solid operations. You can also output documents related to the
selected tool paths such as a tooling list, operation list, CL File and NC code File.

Let's perform a solid verification.
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2. Since there is only one operation, notice that the tool path in the graphics window is
already highlighted.

3. Now pick the Verify tab and the Start Verify button.

4. Pick the Run Simulation button bon the Solid Verify Session form. The %
complete status will be displayed in the text input field. Sit back and watch.

Our CAM Assembly contains a component named stock and whose CAM class
attribute is defined as stock. It is recognized as a stock component and is listed in the
In Setup list. Solid Verify requires stock to run.

The Solid Verify Session Form contains functions similar to the Rapid Verify Form that
we used in the previous step. There is a row of buttons in the middle of the form to
quickly change to rapid verify without recalculating the session. There are display and
tool movement controls and access to additional options and settings with the Options
button.

Beginning the Solid Verify Session(1:Stock 2:Tool)

CAM 14
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The Solid Verify Session Complete
(1:Retracted Tool 2:Operationbeing verified 3:Stock)

5. When the session is complete, the tool will retract to its initial Z-level. You can now
pick the close box in the top-right corner of the Solid Verify Session Form to close it.

STEP 13 - Output CL File and Related Documents

Now that we have verified our Lace 1 tool path it& time to actually output some
documents. The Documentsof the CAM Output Form contains all of the information
and options we need to generate a CL File, G and M Codes, tooling list and operation
list for our tool path. We're almost done so let's take a look.

1. Right click on Operation under CAM manager tree, it will display a context menu.

2. Select Mutput All operationsdption from this menu. Then a folder named NC will be
created under Output item.

3. Right click on the fOutputaunder the CAM manager tree, and then select the CL/NC
output setting, then the fOutput Settingdform will be displayed

4. Inthe Part Id field, enter: 1000 This is output in the NC code and must be a four
digit number. Most machine controllers will error with letters

5. Inthe Programmer field, enter your name.

6. Tool Changes button should already be toggled to output

7. Speeds/Feeds button should already be toggled to output

8. Select the Tool Num button and then select tool id from the list

9. Inthe FileName field enter: my first toolpath. In the future, you can pick the File
Name button to select an existing file to overwrite if you wish.

10. Now make sure the Display Output box is checked.

11. Right click on the NC folder and then pick the output option: select output CL to
display the output from the ZW3DPost post-processor. Different configurations can
be created to customize the output for different controllers. Refer to the Machine
Programming Details Form for more information.

12. Nextchoose the Output NC. The output will be displayed.

13. Pick the Operation Listto display and output a detailed listing of all the operations
in the setup. This listing's format and its contents are fully customizable.
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e
Company Name
Operation List

Senderi Refis:
Machined Part: |Programmer; Date: 201501-27 Ref.#:
Checked by: Dats:

Estimatad Machining time: 64 41MIN 6SEC Required Finished Date

=

Material;

Quantiry:
Archived Path: C:\Users|USER|AppDase Roming\ 1900 sédlousnt
Tool Parameters Thickness Step Vzhe
Fead
Tool Name Soest Stz Bomom x z

1 Lz 1 THO [Tool 1 1000.0 500 0 0632139 10

Tool Length

Tool Dismeter
Fhte Gauge Min,

Serisl # Program Name
50 Not caloulzred

Stock Size: Length 190 Width 300 Height 50

VR TEN

[ i “(M}

- R . L

0 e

14. Pick File>Save or pick the Save Filea icon from the Quick AccessToolbar or
press (Ctrl+S) to save your ZW3D file and CAM plan.

15. The Message Area should say: "Save" was successful.
If you wish to close ZW3D now pick File> Exit.
We just produced 5 output files that are now located by default in the /output folder

of your user directory. All are given the same file name "my first toolpath" with the
extensions: .cl, .nc, .op.htm. You can use Windows Explorer and go to your user

directory now to locate your output files.

16.Congratulations! The basic walk through of the CAM interface is now complete.

HINT:If you are not sure where your USER directory is located, Click on Utilities >
Configuration and see the bottom of the General tab.

User folders: C:\Documents and Settings\All Users\ZWSOFT\ZW3D 2017Eng

Program folders: C:\Program Files\ZWSOFT\ZW3D 2017Eng
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Chapter 3 Creating Stock
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In this Chapter we will learn a number of different ways of creating stock around our part.

(0]

(0]

Stock is the material around the part prior to machining.
Stock is used in all Quick Milling roughing operations.

Stock is required for Solid Verify.

The stock can be any shape from a simple rectangular billet to a more complex
casting or forging. In our first example we will create extruded stock based on the
outside shape of our part.

The image above shows the part surrounded by the stock. This example is based on
extruding the outside envelope.

NOTE: This exercise is done in mm units. If not already set, you will want to set
the default units in your config file to mm and possibly set the default part
template to OPartTempl ate( MM) 0.

CAM

18



ZW 3D

Exercise 1: Creating Stock
Locate and o p e fraiting_élousing.z3a Thifige mill be found in the
training directory of the program directory.

You can pick existing objects to open by clicking on the object name on the right side of
the menu. If there is only one it will be opened by default.

This is the part we are going to create stock for.

Exit part. a

Clickout‘a Create anew Partand nameitasiHousi ng_Extruded_Stock
Insert the original part geometry.

<Right-click>a nd s énkestc€Compinent 0

Sel ect tHowsing Geonetryo .

Cl i ¢ kKAngchareonfponentd opt i on

Locate the component at 0,0,0.

Currently the housing part is a component. We need to merge the component so that
the actual geometry of the part becomes available.

Make sure the pick filter is set to:All.

Then place the mouse pointer over the part until it becomes highlighted, <right-click>
then select the Merge option and complete the command.

CAM 19
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.
Alternatively you can pick thTabb.n%Frge command

The part geometry is now available to use and is associated with the original Housing
part. We can now use this geometry to create the extruded stock.

Pickt h Extrddeo i g fnom the shape Tab. Select the base option then <Right-
click> and select the Insert Curve List option.

The curve list is created by picking the bottom four edges at the rectangular base of the
part.

Complete the command.
The start value is 0. (Middle-click for the default value of zero)

The end value is obtained by <Right-clicking>the i T o P mptiontardd picking the top
face of the part as shown below.Pick OK to complete the command.

If you have picked the top face successfully the end value of the extruded base will be
75.
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The outside width and length of the part is exactly the same as the original part
geometry, if you wish to make the X and Y values of the stock larger, use the Offset
option in the extrude command.

The Z value or height of the part is also the
assume we wish to increase the height of the part by 3mm. We should not simply

change the end vale of the extrude command to 78mm.The end value of the extruded

base was achieved by picking the top face of the part; this ensures that if the height of

the part changes, the height of the stock will also change when the stock part is

regenerated. Therefore simply inputting an end value of 78mm will mean that the link

between the height of the part and the height of the stock will be lost.

To keep the stock height the same as the part plus 5mm, pick i Fac e Offomthe t 0

shape Tab.

Pick the top face of the stock as shown below and offset this face 5Smm.

F

NOTE: Use Inquire > Curve > Length to check the size of the stock. ===u
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This keeps the link between the part height and the stock height.

Next we will change the attribute of the stock.

Select the Attributes pull menu and pick the EDIT option.

Make sure the pick filteris set to shape, pick the stock shape and Middle-click.
From the Face Attribute form choose a face color.

Also from the attribute form set the transparency to a value of about 80.

The stock shape should now look similar to the stock shape below.

We have to change the attributes once more. T
attributes. Eventually we will want to import the different types of geometry into Cam.

ZW3D Cam can recognize the difference between part geometry and stock geometry

and also other types of geometry such as clamps. This is achieved by specifying the
relevant fACam Classo in the Part attribute fo
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Select the Attributes pulldown and pick Par t é

Pick the Cam Classes button and from the list select Stock.

The stock option is then placed into the class field. This will tell ZW3D Cam that this
geometry is classed as AStocko and wil|l

starting shape to be machined.

You should always specify what type of class the part has. However if you do not
specify any class description the defaultclas s wi | | Rdrtways be i

Finally to complete the exercise we will have to erase the Housing shape so that the
only geometry present in the part is the stock.

Pick the erase icon. é

Click out the I' Housing shapel: inl Historyl. so that only the stock geometry is left.

The image below shows the stock without the housing geometry present. However, the
history list shows that if the part were to be modified, regenerating the history will
update the stock.

Save the file.

Exercise 2: Creatingthe Stockusi ng t he fAStocko feature.

The previous exercise created stock by extruding the outside edges of the part. Using
this method any ZW3D modeling commands can be used to create the stock. If

CAM 23
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however the stock 1is rectanguE[xteudedStmt:kc‘)Wape t he
from the Mold and Die Tab.

Letds complete the second exercise by creatin
the file i An g 1Peadr.t 0

We will create stock using the stock feature around the example part in two ways.

In the first example the stock will be created parallel to the XY plane as shown below.

Then we will create a smaller size stock where the bottom face of the stock is parallel to
the angled bottom face of the part.

Start by creating a nienns eratritn g atl H ee dit Airsg loecdk OB rae
zero as a component, exactly like we did in the first exercise.

Next, merge the component so that we can use the geometry.
Pi c k Blockée flieat ur e.
At the prompt ASel ect Shapes theopickfiterlisesea®o, Pi c

AShapeo.
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At the prometrem8el ¢d & déeum s the defrault Xo just Middle-click.

The stock should be previewed as shown below with the base of the stock parallel to
the XY plane.

Complete the command.

Undo or redefine last command and create the stock again but this time parallel to the
brackets longer angled bottom face.

At the prompt ASelect Shapes to Encloseo, Pic

At the prompt ASelect Referenceofthelpatne o, pi ck

Complete the command.

This configuration requires only about 2/3 the material for the stock.
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com et e he 0 dondét forget to
rt tri t e 0

(@1}

stoc
t o

ot X

p | t part
At b u S St ock

Let 6s t ake aatheSloak Beature Foono k

The minimum size of the stock based on the reference plane or planar face you choose
is automatically calculated. The actual sizes of the stock, is shown in the Length(X),
Width(Y) and Height(X) fields. You can overwrite these values by either typing in a
new value directly to the relevant field, or by using the increment/decrement buttons.
Theid Si de | n coptiematowd tlte user to specify a standard round up value
which can be used to obtain a more nominal size of stock. For example if the side
increment was set to 1 the 265.55 X value shown above would be rounded up to 266.
Or if the side increment value was set to 10 then the 265.55 value would be rounded up
to 270. In other words the stock sizes are allowed to increase in steps by the value
entered into the fiSide Incremento field.

The numbers listed under A Mo d arke thhe exact size of the model and are there for
reference only.

If your requirement is for a rectangular stock shape then the Stock feature is the

preferred choice. The stock will automatically update if the original geometry is changed
providing the user remembers to regenerate th
We can automate this however by wusing the ALI
First save the part.

The Link Manager

Now that we have saved the our partlet® t ake a | ook at the capabil
Manager 0

Load the filzZ80 AnaAmdylleadadatrhe part AAngl ed Br ack
If we were to change the size of the part in some way we could update the stock to the
new size by going into the stock part and performing a regen. However, we can update
the stock while we are still in the AAngl ed B

FromtheA Tool so pul |,pioevkk fMNeannuager 0O

To use the Link Manger first create a new ZW3D Obiject link. For our example we will
use the fistocko part that we created previous

Pick the Al nsertdON3BOkettbhnkerwt wt aodbtwve n
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From the fAOBjeé @etcd 0 t fher mrhiswill bdiedtereddinto the ZW3D

object Links in the Link manager form. At this time if we wish we could regen the stock

by simply pressing the Regen button. Other links could be added to the Link Manager

at this stage, such as a drawing sheet for example, this could also be regenerated from

theLink Manager . To make this process ®@AuteRegendr e au't
tick box. Now every time the Angled bracket is regenerated the Stock part will also

automatically regen. If you require more information on the Link manager please refer to

the HELP Manual.

Letds change the |l ength of our Angled Bracket

Edit the 200mm sketch dimension. Change the value to 400mm.

Y

=

The part history is automatically regenerated
selected in the ZW3D configuration. The part is regenerated and the stock has also

been updated. The images below show the original stock length and stock updated to

the new length. Both show the original geometry.Don 6t f or get to al ways e
original part geometry from the AStockod part.

Save the Part.
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Creating Stockf or t he AMi I | Bottleo Bl owmold and Mod

We will next create two stock parts for the example parts that we will be using with
Z\W3DQuickMill.

First howeigwethie metieod @f sreating Stock.
1 Create a new part; give it a meaningful name, i St ock o f or exampl e.

1 Using the Insert component command, insert the geometry to be machined.

1 Merge the component.(Shape tab) E’
1 Create the stock geometry using standard ZW3D modeling techniques, the
extrude command for example,ori f t he st ock i s Stoekct angul ar
Featureo .
1 When creating the stock also create an allowance or plus material on any
relevant faces as required. If you require an allowance on the top face only of the
stock, then you could use the face offset command.
1 Erase the original part geometry from the stock part.
1 Edit the Face attributes of the stock to make the faces transparent (optional).
T Edit the Part attributes of the stock part
1 Leave the stock part and go in to the actual Cam part geometry, create a link to
the Stock part using the ALIink Managero so

geometry a regen of the cam part will also trigger a regen of the Stock part.

Clear the Session and®Z3doad the part AMi Il _Bot

original bottle design geometry

CAM 28



ZW 3D

CAM geometry for a blow mold

CAM geometry to produce a model of the bottle

We will use the Blow mold part for cavity type milling and the Model part for core type
milling.

In the Mill_Bottle objectflecr eat e two stock parts for the #fAb
the Aimodel 06 cam geometry.

Call the bl oStockmBldwdoldot oacnkd fit h e BtwakeModetdt.oc k A
T Create both sto (EktructmiaSttosgkt]Oﬂ;nblmagld dietab)
1 Make the width and the length of the stock parts the same size as the cam
geometry.
1 Add a 3mm offset to the top face of both stock parts.
1 Use the Link Manager(Tools pull down menu) to create the relevant links

required to ensure the stock parts will be automatically regenerated if the Bottle
part gets changed. Hint, you will need four links in the bottle part and make sure
you insert the links in the correct order in which you want the relevant parts to
regenerate.

The stock of both parts is shown in the figures below, please note that the cam

geometry has been deliberately left in the images, you must erase the cam geometry
from your actual stock parts.
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Save your File.

There is a third and simpler way of creating stock.

Exercise 3:Creating Stock from the CAM Plan

ZW3Dhas shortcuts t creating a CAM Plan and Stock for your model.

Open the FileACAM_Training_Housing.Z30and pick the Housing Geometry part from the
preview

Right-click in the background area and select i CA M P hearrth@ bottom of the menu.

This will open a new object called Housing Geometry Camoand automatically add the
part as a geometry feature to the CAM.

Sel ec Stodkth ec dimmandf r o nabtaidseleét Sk.t up o

Stock is created and added to the CAM Plan. You will be asked if you want to

hi de 1 t. That i1 s your <choice. I f you donodt
transparent attribute already added so you can see through it and has the correct

CAM Class, Part Attribute.
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Chapter 4 Getting Ready to Mill
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In this chapter we will cover,

Cam Plans

Cam Templates

Loading the geometry into the cam plan
Setting up machines

Setting up clearance planes

Creating and loading Cam Assembilies.

= =4 =4 -8 -4 -9

CAM Plans or Cam process plans are used to create and manage NC toolpaths. CAM

Plans are created from the same form as you would use to create a part/assembly or
T

drawing and so on. The CAM Plan form is available in the Create New File form — .
Creating a CAM Plan allows the user to gain access to the Cam User interface.

Cam Templates

Object Template files can be loaded when a new part/assembly, drawing or CAM Plan
is created. By default, the template file name is "Templates.Z3". A default
Templates.Z3 file is located in the "\resource" directory of your programdirectory. The
Templates file is a standard ZW3D file that contains objects that you may wish to load
when a new object is created. For example when you create a new drawing sheet you
may wish to load a particular template file that contains the size of the drawing and
perhaps the drawing border. In cam the requirement may be for your standard methods
of cutting certain parts. The Cam objects in the template file can contain any amount of
information that you feel is useful for you. An example would be perhaps a template file
designed to cut small core type parts. This could contain the Machine definition, various
cam operations, Speeds and Feeds, Tools and so on. Templates speed up the process
of creating cam plans by avoiding having to create the same information every time you
create a new cam plan. Also you can standardize on your methods of cutting parts.
Further information on template files is available in the on line help.

Letds create our first CAM PI an.
Load the fik3® AMi |l Il Bottl e.

Create a new CAM I|PQama mp | @ &tlthis énte wé Willondt ese any cam
template.

This will take us into the Cam user interface. The Cam tree looks initially as shown
below.

Setupl

Geometry(undefined)
Clearance
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Frames

Tactics

Operations
Machine(undefined)
Output

Notice that the Geometry field is marked as (undefined).

Ouir first task is to insert the relevant cam geometry that we will need to cut the part. The
cam geometry we require for this exercise 1is

mo u s e Gpamietryd e r ¢ o u tharighd imdause fbutton,

Pl ace the
t meert.opti on 0

sel ect

Next you will be placed in the Shape Browser. Here you can browse for the geometry
that you wish to insert into your current CAM Plan. Highlight the shape you wish to
insert, which in this caseistheAi mode | 0.

At the promptfiJse Mill_Bottle.Z3 model?ghi t t he AYeso option and t
be inserted into your CAM Plan.

Repeat the same prowomeaeks Mordelionsert the HfASt
Once the Cam geometry for the model and the model stock is inserted the Cam tree
Geometry branch will show the cor rneoddld nhaanse s f
t he cHaraos sa nidStock Modélo has t ISteckcd aBlsi §i i s because
attributes have been set correctly in model space.

The graphics window displays the parts as shown.

o
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Clearances
Pl ace the mouse Clearanoesce ri coo/re ritrkehteh e c am

<Right-c | i ¢ k > a Bdit, & doubdeclick with the left mouse button to activate the
clearance form.

The Icons on the cam tree all use the double left mouse click and right mouse menu
select options. The <double Left-click> is a short cut tooften used <Right-click> menu
choices.

The clearance options that are used in Quickmill are:-

Clear Z Thisisused when the tool retracts up to fAicl ea
of an operation.

Auto Clear. This is used to retract the tool t o a
tool moves in Arapido mode for exampl eo

A more detailed description willbegi ven when we discuss fLeads a
this manual.

Enter the clearance values as following:
Clear Z =50, Approach Z = 50, Retract Z= 50, Auto Clear = 10.
Make sure you check the Auto clear tick box.

We have used a clear value of 50. We can use the Inquire pull down menu >
Coordinate command to find out the top height of the stock as shown below.

The result should be : (-80, -265, 41.10177).
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The clearance plane at Z 50 is then created as shown below.

Save your file.

Cam Assemblies

I n the previous example we created a Cam Pl an

stock and the part into the Cam Plan. We can also load fixtures, clamps and tables into

a CAM Plan if we wish. We can also utilize ZW3D6s power f ul Cad assembl

create an assembly which consists of all the relevant geometry such as parts, stock,

clamps etc. and load this entire assembly into a CAM Plan.

T Create a new Part/ AcitleZ3mbF Yyl encahéedMi || _B
ABl owaimd As 570 .

1 Right mouse click in the graphics areaandselectil nsert Componento

Ean

1 Use the browser iconin the Insert component form. )

f Locate and | oakixtuelParftisloe ACam

T Check the AAnchor componento tick box.
T Select thelJawoxedmpPoboent from the 1|ist.

T At the prompt ASpecify | nser<entarnkedhisnt 0 ent e
locates the component at 0,0,0
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1 Use the Insert component command to insert the next component (Middle-click
recalls the last command).

1 Press the down arrow next to the browser icon in the form.

1 Load the Mill_Bottle.Z3 file and then select the fiStock_Blowmoldopart.
1 Position the part to roughly the same place.

1 Align the first position of the stock into the correct place.

1 Tip: Setthe pick filtert o fAiFaceo

1 Tip: you will need to toggle the Same Facing/Opposite Facing options during Align
command as required.
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Figures above show the stages for aligning the first two faces of the Stock and the Vice.

Use the same method to locate the next two faces and then the subsequent last two
faces.

Generally speaking you are going to make 6 f a

The fully aligned stock to the vice is shown in figure below.

Insertthe nextcomponent whi chwingl ddhepdbt .
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Align the blowmold into position. (Remember to set the blowmold in the bottom of the
stock so the extra material can get machined away.)

Load the file ACam Fixture praaentforsn(‘)“—girectly fr

Use the same method once more to insert and align the Moving Vice Jaw.
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The cam assembly is now ready to be loaded into a CAM Plan.
Note: Cam assemblies must only contain components, merged parts are not allowed.
Save your file.

Createanew CAM Pl an i n E3e fandhramdit Bot t | e.
AiBl owmo!l dP ICaArVio_

From the CAM tree fgeometryos e | dnsdrta i

From the Shape Browser select the Blowmold Cam Assya

This is then inserted into the current cam plan. Notice how the correct Cam Class is
shown for the different components. The cam class is defined in the Part Attributeform

when the original parts are created.

Change the values of eachClearanceplane to be 60mm and the Auto clear value
10mm with the auto clear check box ticked.

Save the file.
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Chapter 5 Rough Milling Basic
Walkthrough
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In this chapter we will cover,

Basic QuickMill walkthrough, which will include:-
Creating Cam operations

Creating Cam Tools

Referencing Cam feature into an operation

A quick look at the operation parameters form
Calculating our first toolpath

A brief look at verifying

= =48 -8 -8 _9_95_2

Basic QuickMill Walkthrough
Load the file iMill_Bottle.Z30andthe n | oad t he CAM RBllamoiModel _Ca

This will load the CAM Plan from the previous chapter. Displayed in the graphics area
are both the stock, which is transparent and

Pl ace the mouse pointer oviee the AStocko icon
Rightclickandse |l ect t he A Sh avinch tdgglbsetite dibplay on/offn ,

Only the part geometry is displayed in the graphics window.

Creating CAM operations
Letdébs begin our walkthrough by creating a Qui
The Cam operation form can be accessed in three ways.

1 Option 1. <Right-click> with the mouse over the operations icon on the Cam tree
and select fAlnserto.
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1 Option2.<Right-c| i ck> with the mouse in the Graphic
Operationo.

1 Option 3. <Double Left-click> the operation icon in the cam tree.
The first time you go into the Operation Type form the 2X milling options are shown.
Select the Quicktab. We will only be using this form (QUICK MILLoperations) in this

training lesson.

We are going to craateoagéalmglbidisaQb éresae t
clearance toolpaththat removes the rough material in constant Z steps. This toolpath
has a spiral type pattern that is projected onto the cam geometry.

== Select theRough Offset 2D icon from the top left.

The Operation branch of the Cam tree now includes our first operationfRough Offset
2d 1a

Notice that several of the operation fields, such as i T o, dRefdOpoand fFeaturesq are
currently shown fA(undefined)o.

The operation hasRougheffsea@dlaul t name 0
You can choose to accept this name or you can rename it to a name of your choosing.

|l f you wish to rename the op®Raoughlffsen2d1®p | ace t h
icon and press the right mouse button.

Sel ecRenanteé dapt i o arthamed namedf the operation.
In our example we will accept the default name.
Creating Cam tools

The Cam Tool Manager can be accessed from each tool path operation in the operation
section of the Cam Plan Manager tree. Tools can be defined, stored and retrieved from
tool libraries and selected for operations. The Tool form is your primary interface with
the Cam Tool Manager. With it you can define the shape and physical properties of a
cutting tool. You can also access tools from tool libraries. A tool library is any ZW3D
CAM Plan containing tool definitions. For further information on the tool manager refer
to the HELP Manual.
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<Right-click>t he mous e Taoloe ri ctome afnh dSelectdl eocptt itohne. A Us e |

browser icon “— to load an example tool library that is included with the ZW3D
installation. This I|library is |l ocated in the
youzw3bUser o folder. The Name of the Library i ¢
ArOOLS_METRIC_and_INCH.Z3. ®his library contains an example selection of tools

specified in two CAM Plans. 1. INCH TOOLS and 2. METRIC TOOLS. This tutorial uses

metric tools. Selectthe i ME T R1 C TL@gatys library and then select the correct

tool from the list

We are going to use an 18mm diameter 2 corner radius End Mill.(Endmill D18/2)

Once you have selected the tool from the list, press the OK button to load the tool into
the CAM Plan and load the 18mm end mill into the Rough Offset 2d 1 operation.

Referencing Cam Feature into an operation

The current operation that we are defining does not have any geometry associated with
it. We need to reference the correct geometry required by the roughing operation. This
operation is going to rough the entire part so we need to reference the part geometry.
We also need to reference the stock geometry. QUICK MILLroughing operations
always require the stock geometry. Even if the part has been partly machined, always
specify the stock geometry on roughing operations.

Adding the Cam Features:-

1 Makesuret he fAGeometryo brasexpanded t he Cam Tree i

1 <Double Left-click>the Feature icon on the Cam Tree, Rough Offset 2D 1. It
display the form of select feature for operation.

1 Selectt h e AiRrtaerlist of this form And then pick ok button to exit.
1 This references the part geometry into the feature branch of the current operation.

1 Repeat the above method, <Double Left-click> the Feature icon and so on, and
reference the stock geometry into the current operation.

1 The CamTreeshows the Part and also the Stock geometry referenced into the
current operation.
Setupl
Geometry:
Part: model (1)
Stock:Stock_Model(2)
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Clearance
Frames
Tactics
Operations
Rough Offset 2d 1 (Rough Offset 2d)
Class : Rough
Tool :Endmill D18/2
Parameters:
Ref Op( undefined)
Features
Part: model(1)
Stock :Stock _Model (2)
Machine(undefined)
Output

1 Remember to always reference stock geometry when creating roughing operations.
1 When you have more than one operation specified in the Cam tree, you do not have
to select the cam feature from the Geometry branch. You may instead select the
Cam Feature geometry that you wish to reference into the current operation from a
previously defined operation.
Let 6 s dukleok at our operation parameters.
Operation Parameters
<Double Left-click> on the operation Parametersicon in the Cam tree.
The operation parameter form for the rough offset 2d operation type is shown. The form
is divided into separate topics.
Take a moment to visit each of the parameter topics using the buttons at the top of the
form. Do not change any of the options at thi
As you can see there are many options available to you. In fact there are so many
different options available that the thought of having to learn them all can be quite
daunting.
Fortunately, you do not have to. QUICK MILL has been carefully designed so that the
majority of the time you can accept the default values. You can even specify what those
default values should be, Coeféeg Fol BHLEdiAi Camo O

Manual for further information.

Also all the various QUICK MILL forms for the different types of operations are very
similar in appearance and where possible share the same options, speeding up learning.
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Cam processes however by their very nature need to be flexible and allow the user to
choose the exact method of cutting the parts.

QUICK MILL offers the best of both worlds enabling the user to use many of the default
values most of the time but with the added capability of fine tuning the operations to
suite specific requirements.

At this stage we will not change any of the parameters, so exit the form by pressing the

i O Kbatton.

Calculating our first toolpath.

<Rightc | i ¢ k >

t he

ARough offset

Select the Calculate button. This calculates thetoolpath.

<Rightc | i ¢ k >
AVeri fyo

t he

2d 10 icon on t

i Ro u g htheo(arh Sreetonc morelSelect teo n o

option

t o u pabilitiesh e

Wi

refr ame

More information on this type of verifying can be found in the on line help.
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Solid and Rapid Verify.

Solid Verify gives the user a more accurate representation of the virtual milling toolpath.
The cutter (and optionally the tool holder and Fixtures) is displayed along with the stock
and eventually the cut part. The material removal and tool motion is dynamic.

Rapid Verify, is less accurate, but allows the part to be verified without having to view
each toolpath motion. The final toolpath is displayed for each tool in the CAM Plan.

The user can swap between each verify options as required.

Partially cut parts can apusirdostbsequerdvwerdfyd as Vi
sessions.

Right -click on theOperationo coin on the Cam Tree. Ensure that the fiSolid
Verificationo option on the Contextmenu is displayed.Select it.

Press the start arrow (run simulation) on the Verify session form.

We will be using the verify capabilities further on in this manual. For a more complete
description refer to the on line help.

The verify buttons from left to right are:

Run solid simulation. »

Single step forward solid verification. b

Reset.

Run rapid simulation to the end of all operations.|>ﬂ

= =4 =4 -4
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wpl

1 Run rapid simulation to the end of the current operation.
Save your file.

Solid Verification

Rapid Verification

Save the file.
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Chapter 6 Rough Offset 2D Cutting
Parameters
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In this chapter we will cover,

The operation Form Parameters, with emphasis on:

Z level roughing with Interlaced Z steps.

Different cut patterns.

SynchroZLevel.

Enabling Spirals to produce a near constant load on the cutter.
Analysis Accuracy.

= =4 =4 -8 -9 -9

Load the file iMill_Bottle.Z3&a nd t hen | oad ModeleCag pldho Pl an A

Our CAM Pl an currently has one operation fARoOuU
with a closer look at the operation parameters.

DoubleLeft-click on the Parametersicon in the Rough Offset 2d operation to open the
parameter form. We will first take a tour of
discussed here also apply and are used by other operation types.

Select the fiPrimaryooption

Path Tolerance

This is the toolpath tolerance. See the graphic at the bottom of the toolpath form. The
value is the maximum distance that the tool will be positioned from the part between
each toolpath move. The value is a plus and minus condition, so if you specify 0.1mm
tolerance, the move can be up to 0.1mm plus metal condition and up to 0.1mm minus

met al condition. To set an AOQuttol o (plus met
tolerance value to be 0.05 and the surface thick (see below) field to be at least 0.05.
Decreasing eraneeon Patl heTaol | | increase the toolp

\ v
o

Surface Tolerance

QUICK MILL toolpaths are calculated on a tessellated representation of the part

geometry (like an STL or faceted mode | ) . T h e feBoced aicse tthod t ol er anc
ASTLO tessell ated part. I f this field is | eft
value specified in the Path Tolerance.
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—
> | <

Surface Thick

This is normally used to specify a plus offset distance from the tool to the part and is
usually used in roughing and semi finishing operations. A plus or minus value can be
used. However the maximum minus value that can be used must not be bigger than the
radius of the tool being used. When using QUICK MILL roughing operations; ensure
that the Surface Thick value is at least three times greater than the Path Tolerance
value. Do not use QUICK MILL roughing operations to finish parts.

/
f

Z Surface Thick

This provides control over the floor stock to be left on the workpiece. If it is not defined,
it will be the same as the XY Surface Thickness parameter. This Z Surface
Thickness parameter can be a negative value.

!

Stepover
<Left-click> on the Stepoverto gain access to the options, Absolute, % Tool Diameter

and Scallop.
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Absolute option shown below.

Stepover Size

Enter a value in the field. This is the step over value that will be used by the tool. The
actual value will depend on what the Stepover is set to. So if for example the stepover
type is set to % Tool Diameter, then the default value of 45.0 refers to an actual step
over value of 45% of the current Tool Diameter. If the tool Diameter is changed the step
over value will change accordingly. QUICK MILL is designed so that the maximum step
over is no more than 45% of the Tool Diameter.

Stepdown

<Left-click> on the Stepdown to gain access to the options, Step Size or % Flute Length.
The step down in Z will be based on an actual value or on a % of the flute length of the
current tool being used.

StepdownValue.
Enter the value in the field. The actual step value depends on which Z step Type option
has been selected.
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Number of Cuts

This is the number of extra or interlaced cuts that will be applied between each Z level
area clearance in the roughing cycle. The interlaced cuts have a constant Z value.
Normal constant Z roughing operations remove all the material between the part and
the stock at each Z level of the operation, performing an area clearance. The tool will
then move down to the next Z level and calculates the next area clearance material
removal between the part and the stock, or just the part if it is a cavity or pocket type cut.
Our example is a core type part where most of the material removal is between the part
and the stock. This can leave Z steps on the part that can be difficult to remove using
finishing operations. The Z Intercut option removes these steps by performing extra cuts
between each of the normal Z level area clearance passes in the rough operation. The
extra passes only remove material local to the part and do not perform unnecessary
fresh air moves. The resulting tool path still has steps but they are much smaller and
easier for the finishing operations to deal with.

Z Intercut Progress

This is the Z direction of the steps when using the interlaced cut option. Click on the

button to access the options, Top to Bottom or Bottom to Top. Currently the field is
unavailable. 1t becomes available only when vy
Stepso field.
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Letds compare our part., c uahd tfemwitls. t wi t hou't
1 First make the Z step size larger and also use a rough allowance of 1mm.

1 Change the value of the Z step size from 5 to 10.

T Press fioko on the operation parameter f
1 <Rightcl i ck> on t ht 2ZdRolLghowWérdf astei on and se
1 Use the Rapid verify option to verify the part.

The image below shows the part cut with 10mm Z steps and without using Interlace Z
cuts. The resulting steps in Z can be difficult to remove with finishing operations. We
could reduce the value of the Z steps in order to make the steps on the part smaller and
more manageable. This would however increase the cutting time dramatically as each Z
level would have to perform a complete area clearance cut at each of the new Z levels.

We can use the Z Intercut option to do the bulk of the milling at a Z step value of 10 and
yet still end up with smaller steps on the part. The tool will remove more material local to
the part without the extra unnecessary cuts you would get if you simply made the Z step
smaller.

1 Change the Number of Cuts to 3.

91 This will keep the main milling to Z steps of 10 and create additional Intercut levels
between each of the normal Z levels of the roughing operation.

1 Calculate the tool path.

CAM 53

Z



ZW 3D

Edit the operation parameters once more and set the Number of Cuts option to0, and it
will remove the Z Intercut moves

Calculate the tool path once more.

Notice how quickly QUICK MILL performs this calculation. This is because QUICK MILL
uses atechnologyc al | ed fAAdvanced Cachingo.

We will be looking into caching in much more detail later.
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Select thefiLimitingooption
Cast Offset

This parameter allows you to enter stock thickness to be considered during tool path
calculations.
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Select the fiPath Settingooption

Cut Direction

The pull down widow shows the various cutting mode options.

1 Zigzag which allows the tool to move in any direction climb or conventional.

1 Climb which forces the tool path to be using climb milling in one direction.
0 Shown opposite.

1 Conventional which forces the tool to cut using conventional milling in one direction.
1 Other options (but not available in this particular operation type) are:-

1 Top to Bottom, forcing the Tool to always cut with a downwards motion.

1 Bottom to top, forcing the tool to always cut in an upwards motion.

Cut Order

Choose t h &egopfirstoor devel firsta The option fRegion Firstoforces the

tool to cut local regions down to depth. For example if the part contained pockets, each

pocket would be cut down t leevedFegot hwa swhseerl eeacst eidf
the regions at a particular Z level would be machined and then all the regions in the next

Z level and so on.

Path Pattern Guide
The pop up box has the following options:

 Part.
M1 Stock
1 Both.

1 Longest Part Span.

The path pattern Guide controls the shape of the flow of the tool when cutting. The
actual path pattern that is performed at each Z level of the Offset 2d roughing operation
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is based by default on the shape of the part. This can be changed to any of the options
shown above.

Rough Offset 2d Path Pattern Guide Examples.
Two examples of possible Path Pattern options are shown below.

The actual path pattern in our example changes at each Z level. The figures below have
had all of the Z level cuts except the very last one removed to avoid ambiguity.

Path pattern flow based on the shape of the part.

If you have alteredthepathpat t er n gui de, pl e as-ealculageshet it t
tool path.
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SynchroZLevel
Use this value to generate the cutting loop at the specified Z level. The cutting at Z level
is synchronized to meet this level.

Enter the Z value or pick a point from the graphics window. The standard set of point
input options are available.

The image below left shows our current part without using the SynchroZLevel option.
The last pass is a bit high up in Z. The final Z level depends on the starting Z height and
the step size used (10mm in our example). If we use the SynchroZLevel option and pick
a point at the base of the bottle shape (Z 0 in this case) the starting height will be based
on this Z value increased in steps of10 (the Z step). The image below right shows how

the last pass in Z is at the same level as the bottom of the bottle shape (plus 1mm
because of the 1mm Surface thick)

Il

[—
% T gmlm TET=F I I

l

I
I
|

Smooth all tool paths based on a percentage of the Step Size.

% XY Smoothing
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Select fiLink and Leadooption

Ramp Angle
If this value is > 0, the tool will ramp from the current cut depth down to the next. Use of
ramping motion removes the need for access holes.

% Ramp Extent

This refers to the minimum length of a plunge move. It is measured as a percentage of
the Tool Diameter. Range = is 50 % to 100% of tool diameter. Default value = 80 % of
tool diameter.

%

Modified QUICK MILL rough offset2dcut operation definition.
WARNING: Minimum ramp distance 10.0000 less than tool diameter.
WARNING: Minimum ramp distance value to 18.0000 (=tool diameter) is used.

Safe Ramp

(Yes or No) This will check Ramp moves to avoid any tool collision (and breakage) with
the workpiece.
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Select AAdvancedooption
Spiralize

This option (available from the AAdvanced/ Spi
region in a continuous spiral like pattern. The first image below shows the first Z level of

current operation (all engage and retract move have been removed for clarity). The

toolpath is spiral in shape but if you look carefully you can see that the tool moves over

to cut each concentric pass. It is a smooth stepover but nevertheless the tool does

perform stepover move. The second i mage uses
the toolpath is a continuous spiral cut with no sudden stepover. This is a very efficient

toolpath and the load on the cutter on the entire toolpath is almost constant.

Over Mill = Half

~
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If you have tried the enable spiral option, please set it back now recalculate the
toolpath.

% Interference
This is an inter-region interference. So the distance that is safe between 2 regions of
toolpath that can or can't be linked by region.

Analysis Accuracy

The Analysis Accuracy section of the cutting parameter form defines the amount of
analysing that will be performed. Analysis accuracy has a dramatic impact on the
toolpath computation time. If the value of analysis accuracy is too fine the toolpath will
take a long time to calculate.

The analysis accuracy has no affect on the accuracy of the cut part. That is controlled
by other factoreranesceachndsfiBBranteBc @o Mol

Analysis accuracy is used to detect what to be cut and what to avoid. Analysis accuracy
isal so used by the Adaptive Feed Control o (AFC
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The following list illustrates some of the areas that are affected by analysis accuracy.

Many types of collision detection, rapid moves, tool holders, fixtures, clamps etc.
Rest material detection.

Uncut and un-cutable material, used for example in sequential roughing operations.
Shallow and steep angle region detection.

Adaptive feed rate control.

Silhouette detection.

= =4 =4 -8 -9 -9

Dondt worry about wunderstandi ng nadltl coofv etrheed ptrh
yet. Just think of analysis accuracy as detecting what bits to cut and what bits to avoid.

The analysis accuracy is entered into the form in one of two ways.

Option 1. User defined GridStep
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On the bottom of the form there is a tick box called i Us e r  Vlathisuiseticked the

greyed out field becomes available and the user can enter the desired value of the

AGri dStepo in mm or inches. This willuseset up
to detect what to cut or not cut, as explained above. The larger the value of GridStep

the faster the toolpath calculation will be. Do not use a value which is larger than the

current tool diameter/10.

The smaller the GridStep value the slower the toolpath calculation will be. So the
guestion is what we should set the value of GridStep to be. Well it depends on a
number of factors, the most important one being the size of the part.

If the part is for example approximately 50mm square, then a GridStep value of 0.5mm
for example would be reasonable and would calculate the toolpath quickly.

However if you specify the same or an even smaller GridStep value on a part that is
500mm square, then we would have a much larger grid, the toolpath would take much
longer to calculate because of lots of unnecessary analysis accuracy detection. There
are other factors that require the user to set the correct value, for example if the part
contains tiny features. Then it might be necessary to make the GridStep smaller in order
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to detect all the tiny features. If you decide to use this option a default value of 0.5mm is
a good place to start.

This option however should only be used by the more experienced user. The second
option is much simpler to use and the default value will take care of about 90% of all
parts.

Option 2.Coarse/Fine. Setting the analysis accuracy with a sliding scale

This is the more automated and easier to use option. Use this method and 90% of the
time you will not have to change anything, just use the default.

Use the slider to set the grid step from Coarse to Fine. Unlike the previous option this
does not set a step value to define a grid but rather uses a different method to calculate
how dense the grid should be automatically, based on the size of the part. The software
determines the size of the part and sets up the grid depending on where the slider is
positioned. The ceafseou lptosiig isoent. tThitshewiil
which creates a grid of 500 x 500. If you position the slider at the other end of the scale
and set it to AFi ne dd0000O00 panfs tvhich is & gridvaf 10000
x 10,000.

Use the slider to tweak the results. For example if a rest material operation has not
detected all of the rest material to your satisfaction, move the pointer slightly towards
the fine setting and it will improve, but the toolpath calculation will be slower.

This is by far the most preferred method and requires very little intervention from the

user,asstatedpr evi ously the default valwue of
regardless of size.
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Chapter 7 More Roughing Capabilities
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In this chapter we will cover,

Rough Lace Operation

Speeds and Feeds

Copying existing Speeds and Feed tables

Saving the current workpiece in a Verify session
Sequential Rest Roughing

Loading a previously cut workpiece into a verify session
Plunge Roughing

A quick look at Limiting

Wave Propagation Roughing

=2 =4 =4 _-8_-48_9_95_2_-2

Load the file iMill_Bottle.Z30andthen | oad t he CAM BllamoiModel _Ca

Right-cickon t he Rough Offset 2D 1 operation and hi
off the display of the current toolpath.

The Rough Lace operation.

Letds create anot her Rowegyl beruginge mehirgt i on. Thi s
operation based on a fiLaced cutting pattern.
the tool can move back and forth in a Zigzag manner.

1 Double Left click on the Operations option in the CAM tree to open the Operation
Type form and select the QuickL/IiII operation. Then create a new Rough Lace

—_

operation by selecting the icon. # &

1 Once the operation has been created we need to insert a tool. Use the same tool as
in the first operation.

1 The tool already exists in the CamPlan, so simply Right-click the mouse over the
ATool 6 icon in the Rough Lace cam tree operae
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1 Now select thefEndmill D18/2a
1 Next Double left-click on the feature icon and insert the part geometryfimodela

1 Now insert the Stock geometryiiStock_Modela Remember QUICK MILL roughing
operations always require that the stock is referenced in the operation feature.

1 The operations involving Features are model (1) and Stock_Model (2).

Go into the Parameters/cuttingparametersform of the Rough Lace cut operation.
Notice how similar this form is to the previous operation form. QUICK MILL has been
designed so that whenever possible all the forms will have the same look and feel.

1 Make sure the Surface Thick is Imm.

1 Change theStepdown Size to 10mm.

T Sel ec Path SeténgdiTab hit the ASynchroZlevelo button and select a point on
the top planar face.(as shown below)

1 Choose Climb as Cut Direction..

1 Calculate the toolpath.

Cutting Direction

1 Zigzag (Default) this allows the tool to move back and forth bi-directionally utilizing
both conventional and climb milling techniques.

1 Climb Forces the tool to cut in a unidirectional climb milling mode.

1 Conventional Forces the tool to cut in a unidirectional conventional milling mode.
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Feeds and speeds

Speeds and Feeds are defined individually for each operation and take the same name
as the operation.

1 Pr es sFeedparanieterso tab in the parameters form on
operation
1 The name of the Speeds and Feeds is displayed.

1 The Advanced Feed Control will be discussed in a later chapter.
1 Press the Speeds/Feeds button to open the Speed and Feeds form.

The Speeds and Feeds table contain a base Finish and base Rough field. These are

the base values that are used in general cutting conditions. Which one is used, Finish or

Rough, depends on the setting of the Class switch in the Cam operation tree

The Speeds and Feeds types listed are shown. Use only the fields that are not greyed

out. The other usable (not greyed out) fields may be defined separately from the base

feed rates. You have the option of defining an explicit rate (just a number), by typing the

word Arapido or by defining thelasegatev al ues as a

You cannot use the % option on the base rates. These must be absolute numbers that
the other rates may be calculated from.

T Type in the word firapido in the two fields 7
section.

M1 Press ifODKoOto save and exit the form.

Make sure the Rough/Finish class type on the previous Rough Offset 2D operation is
set to MniRosugsheot. tllwAngd EFriowm.i sh o ¢

Do not calculate the toolpath yet.

Copying Speeds and Feeds tables from other operations

We have made some changes to the Speed and Feed form on the Rough Lace
operation. We can copy this form into the Offset 2D operation.

1 Open the Feed and Speed form in the first operation(pick the f-eeds,Speedso
button).

1 Pressthebuttoni Copy Vfal amsAnot her Tabl eo

T Select ARough Laceo from the |ist.
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1 All the values from the other operation Speed and Feed table is copied into the
current one.

We need to update both toolpaths. This time we will perform a batch toolpath calculation
instead of individually calculating each toolpath separately.

1 Right-click on the Operations icon in the Cam tree.

1 SelectiCal cul ate All o

1 All toolpaths in the current CamPlan will be calculated.

Save the File and then clear session fFile > Manage Session> Clear Session. Ibthe

AiManage sessiond menu is inactoandeheckthel|l ect fA Ut
fEnabl e Session Managemento box on the AGenera

Rest Roughing
Using QM, rest roughing with small tools is easy to achieve. QUICK MILL automatically

detects left over material and generates the appropriate rest roughing toolpath.

Load the fik3® @Mdl t hBot 1t load the CamPl an ABIl ow

1 Hide the fixtures and the stock.
1 Define a Machine. ( Name it iMachining centerd

Create a Rough Offset 2D operation to the following specification

1 Use a 20 Diameter - radius 2 Endmill (Endmill D20/2).
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1 Load the cutter from the example tool library supplied with the software.

1 Apply a roughing allowance of 1mm by setting the Surface thick to be 1.

1 Set the stepdown size to be 2.5mm.

T Dondét forget to add the part and the stock f
1 Calculate the toolpath

1 Solid verify the toolpath

1 After the verification is complete select the Options button on the Solid Verify
session form to open up the Solid Verify Options form.

T We will save the current fAmachinedo part anc
stock in subsequent verification operations.

T Hi t Stolckdtaki
1 Press Applyin the form to save the current workpiece.

1 Close the Verify session.
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Creating a sequential rest roughing operation

Create a new Rough Offset 2D operation with the following options:

l
l

= =

T
T

Use a 12 Diameter Ball Endmill.(Ball Endmill D12).

Load the cutter from the example tool library supplied with the software.
Apply a roughing allowance of 1mm by setting the Surface thick to be 1.
Set the stepdown size to be 2.5mm.

Add the part and the stock feature to this operation.

Hide the previous toolpath.

Do not calculate the toolpath just yet.

If the toolpath were to be calculated at this stage, the toolpath would be very similar to
the first roughing operation, with the exception of more cuts because of a smaller tool.
What we really need of course is for this toolpath to cut only those areas that the
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previous larger cutter was unable to machine. We can accomplish this be using a
technique called Rest Roughing.

Users can program QUICK MILL to use related toolpath combinations producing
optimum cutting results. These cutting combinations can use various finishing and
roughing cycles with an assortment of tools and cutting parameters. As each cycle
completes QUICK MILL dynamically updates the machined stock for use in the next
sequential cycle.

We can use Rest Roughing on our new operation by simply referring to a previous
operation in the Cam tree.

T

Right-clickor double left click on the Ref Op icon on the second roughing operation
in the Cam tree, then the form of Select Reference Operation will be displayed

Pick the first rough operation

The second rough operation now has a Ref Op attached to it. ( it shows fiRef Op :
Rough Offset 2d 19

Note: Even though we are referencing the first operation to determine the current
machined stock, we must not forget to include the original stock feature in the
second operation.

Now calculate the tool path.
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The calculated toolpath may not look exactly like your example. This is because in
the image shown the toolpath has been fine tuned by using a feature called Limiting
and Analytic Analysis. These features and techniques will be explained in a later
chapter.

Loading an existing workpiece in a verify session

Verify the Rest Roughing operation as follows:

1
il

Open the Output form.

Hit the Stock button, to open the stock form.

Select the ARough Offset 2D 10 stock.
Pr e s s StarthVerifyfiButtono

Check t heVerifyaxrtivd operatian onlyo

Pick the second operation( 02 Rough Offset 2d Endmill D12/2)a nd pgRunc k 0
simulationd

Once the Verify is complete save the workpiece as before.

Save the File.
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Plunge Roughing
Load the file iMill_Bottle.zZ30and t hen | oad ModeleCa@ Holdn.cPl an 0

Hide any toolpaths that are currently displayed.

The Rough plunge cut operation is a method used to rough out parts by using a vertical
drilling process. Parts requiring long tools will benefit from this operation. These can
includedeepcores, cavities, high shoulder slots and high straight or sloped walls.
QUICK MILL Plunge Roughing offers choices such as waterfall or single point plunge.

When used with special machines and tools, the new roughing technique is reputed to
offer maximum cutting productivity.

L

Create a QUICK MILL rough plunge operation
1 Load an 18 Diameter Flat Endmill from the example tool library(Endmill D18/0).
1 Load the Stock_Model (2) and the model(1) into the operation feature.

1 Open the operation parameters form.
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1 Select t h Brinfaryooption.
1 Change the Surface Thick value to be 1mm.

T The first Rough Plunge operation that we wil
pl ungeo.

1 Currently the default value of A St down Si z ise Z0mm.

1 Delete this value to leave the field blank. This forces the tool to cut all the way down
to the maximum Z distance for each cut in the rough sequence.

1 Note that the default XY Step Size is larger than the recommended maximum of 49%
(of the current cutter diameter). This is fine for this type of toolpath, but use the
maximum 49% rule on other roughing operation types.

1 Calculate the toolpath

A quick look at Limiting

With the limiting capabilities built into QUICK MILL you can use a variety of options to

limit what will be cut and what not to cut. For example in finishing operations you can

apply angular limiting to mill only flat areas or conversely only steep areas this is easily

achieve using the limiting tools. We will be discussing the Limiting capability and options

in detail when we start to use QUICKMILLf i ni shi ng operations. But
quick look at using limiting to improve the previous rough plunge toolpath. The tool has

cut the part correctly however we can save some time by not cutting out past the stock

quite so much. In fact one cut has gone down too deeply in one corner.
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1 Open the Plunge Rough operation parameter form.
1 Gointot h kimifingd t ab as shown

1 The toolpath is automatically limited in the X and Y direction by a containment which
i s based on the AContainment Typeo

T The default containment type is fASimple Box.
to be cut is rectangular in shape. The outside shape in this example is our stock
shape however this type of containment is always based on the part not on the
stock.
1 Other Containment types are available, but we will leave those for later discussion.
1 The outer rectangular shape is therefore the limit at which the center of the tool will
move to in X and Y when cutting the part. Clearly however the tool in our example
has moved passed this boundary.

T Not e %OKRsetofi f i el d, B80B.@ Wd @ raakel this valug smaller which
will bring the tool center inside the containment.

Change the % Offset value to 30 and recalculate the toolpath.

R

Ji®

i

\li |I||

Rough Plunge with the waterfall option.

T Letds modify the Plunge rough operation to
waterfall cut.

1 Enter the value 10 in the Z Step field.

1 Calculate the toolpath as shown.
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1 Previously the tool cut down to the maximum Z distance for each cut in the rough
sequence.

1 This time the tool is limited to cut down a maximum of 10mm at each position in the
cut sequence, gradual |l y lyproduce thegcutshamasih ol e s 0
shown.

Save the file and then clear the session.

Wave Propagation Roughing
This particular type of roughing is extremely powerful, removing material in a very

efficient and sophisticated way producing an almost constant load on the tool. It works
byusingatechni que cal | ed # Wahink of Whathappegsavhengon . 0
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throw a small pebble into a pool of water. Small waves are formed and move out to the

boundary shape of the pool irrespective of the shape of the pool. The wave roughing

sequence behaves in a similar manner.

Load t WavefPiopagatidn.ZzZ30 and t hen | o&girat ®am_P@aomP | an A

First |l etds cut the part using a nor mal Rough

=

1 Create a LaceRoughing operation. i

1 Use a 16 Diameter Radius 2mm tool(Endmill D16/2).

1 Set the surface Thick to be 1Imm.

1 Calculate the toolpath.

1 Note, the image below shows just one level of the cut for clarity, also notice the
color display, showing in this case the start and end of a cut span, more about this

quick analysis tool later.

1 The cut direction in this example is the longest span.
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Modify this operation to cut the part with a propagating wave pattern.
1 Open the Parameters form and select the Advanced/Path Pattern/Waves tab.

1 Set Enable Wave PathtoYes,andToggl e t he AWamwboilLgpkeo to i

1 Calculate the toolpath.

Save the File and clear session.
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Chapter 8 Finishing HSM Lace Milling

CAM 80



ZW 3D

In this chapter we will cover

Preparing our existing Cam Plan for finishing operations.

Quick Mill Cache.

HSM Lace Finishing operations.

Cutting Parameters, Cleanup Pass, Finishing Distance and Z Corner Radius.
Limiting Parameters.

Cut Direction, Longest Span and Flat area detection.

Copying existing operations.

Lace Combo milling with steep wall detection.

= =4 -8 -4 _-4_95_49_-°

Load the file iMill_Bottle.Z30and t hen | oad ModeleCat pldha Pl an A
Prepare the existing Cam Plan for finishing.

1 We do not require all three existing roughing operations. We will keep only the first
operation ARough Offset 2D 1.0
1 We can either delete the other two operations or we can delete the other two
toolpaths.
1 If you wish to delete the operations Right-click on the second rough operation name
and selecti D e | e This will delete the operation. Repeat this for the third
operation.
1 Or if you wish to keep the operations for reference, Right-click on the operation
name and select fADelete Tool Patho, which wil
not the actual operation.
T Edit the remaining operation PaRmategsktuttog f set =2
form to add 3 intercut steps (# of Steps, see Chapter 5 for a description of Interlace
rough milling).
Calculate the toolpath.
Verify the toolpath.
Save the verified workpi ece, which we will | oad as fAstoc
finishing verify sessions.

= =4 =

Save the file.
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QuickMillCache

Before we start wit hddcussa psweifuhfepture of Quica Miil. ons | et
QuickMillCache.

Much of the toolpath calculation created during initial QUICK MILL operations will be
reused in further toolpath generation by QMOGs

QUICK MILL toolpath calculation is achieved by calculating separate incremental steps.

The steps are gradually more and more specialized until the final toolpath is achieved.

An example of some of the incremental tool pat
Leads and Links and so on. When a toolpath operation parameter is changed, QUICK

MILL firstl ooks for the most recent version of the
change and begins processing from there. This
calculate the same steps unnecessarily over and over again. This can reduce the time

required to calculate modified toolpaths by as much as 30% to 90%. You have probably

already noticed how quickly you can recalculate toolpaths when you perform an

operation edit.

The cache data is not stored with the CamPlan but is instead stored in a cache folder.
The default Cache folder where QUICK MILL stores the incremental steps in toolpath
creation is the Z2M3P userdiredtooyl THeecached dataywvid erstill
available to you even if you save a file or when you clear a session because the cache
folder is not emptied on file save or session clear. This means that the cache folder can
quickly grow in size if not managed correctly. The maximum allowed size of the cache
folder is 5000MB. The QUICKMILL cache folder can be managed using the following
tools.

Open up the Tools pull down menu.
There are three options that are used to manage the QUICK MILL cache folder.

1 Clean Quickmill Cache.

1 Clean QuickmillDir.

1 Show QuickmillLog.

Clean QuickMillcache

Remember that QUICK MILL toolpaths are based on internally calculated STL files and

that these are triangul ated r eQuckMlleathedons o

command removes all of the QUICK MILL cache files (for all parts not just the current
active one) but does not remove the STL files.
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Clean QuickMillDir.
This command removes all of the QUICK MILL cache files including the STL files.
Show QuickMill Log.

This command displays an XML formatted QUICK MILL log file. The file logs all QUICK
MILL activities and the log is displayed in a Windows Explorer window.

Lace Finishing Operations
Lace cuts are amongst the QUICK MILL operation types that fall into the projected
toolpath category. Projected toolpaths are where the toolpath pattern is first calculated

in X and Y only (2D) and then projected onto the part. The two types of lace finishing
operations available in QUICK MILL are: Lace and High Speed Mill Lace (HSM).

‘%% Projected toolpath type Lace.

\\'%' Projected toolpath type HSM Lace.
There are important differences between Lace and HSM Lace that we will be discussing
|l ater, but first | etdbs create a HSM Lace oper
available.
71 Create a new HSM Lace operation with the following options.
1 Load a 10mm Ball Endmill from the example tool library.(Ball Endmill D10)
fTAdd t he nfoaatl (rle o
T Add t he StoekaModel(2e). on

Open the HSM Lace Parameters form.

Select the fPrimaryooption.
The form is similar in appearance to the roughing forms that we have used in the
previous operations. There are some differences and also new options that we need to
discuss.

First notice that the default value for the Path Tolerance is set to 0.01mm. The roughing

default is 0.1mm. Clearly with finishing operations we normally need a tighter tolerance
than with roughing parts. However when you calculate toolpaths with a small Path
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Tolerance value, the toolpaths will take longer to calculate. We will be changing the
Path Tol value to 0.1mm for all finishing examples in this tutorial.

Infacttb s a good idea to do this with finishing o
a larger tolerance, say 0.1mm. Calculate the toolpath, and check it out. Tweak the

toolpath to suit your requirements and then set the Path Tolerance to the desired tighter

value and recalculate the toolpath.

1 Setthe Path Tolerance to 0.1mm.
1 Change the Stepovert oAbgbdluteo .
1 Change the StepoverSize to 3mm.

1 Calculate the toolpath.

Select the fPath Settingooption.

% XY Smoothing

This is used with high speed milling cycles to smooth the step over. The actual value is
based on a percentage of the current stepover. Try the following % XY smoothing

values and finish up with a smoothing % of 50.

% XY smoothing set to 0.
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% XY smoothing set to 100.

% XY smoothing set to 50.

Z Corner Radius

This parameter adds a radius in the Z direction on this type of tool path. A small radius
can be added to smooth out high speed toolpaths. In the following example however a
relatively large radius will be added which will make it easier for us to see the result. Try
the following and then set the parameter back to 0 (zero)
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Z Corner Radius = 5mm.

Z Corner Radius = Omm.

Select the ALimitingooption.

Limiting is used to keep the toolpath confined within some type of containment. Limiting
is split into sevencategories: Boundaries, Reference Tool,Check, filters. You can mix
and match between different types of limiting.

Limiting Parameters :Boundaries” including XY and Z~

XY
This limits the toolpath in XY by using containment curves. The curves are either
specified by the user or are obtained automatically from existing geometry.

Type Contain: Refers to the pattern used by the containment curves. As follows:
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Simple Box: This uses containment curves based on the implied bounding box
of the AParto (not the st ock9recqugaanet r vy . Us

Silhouettes: This type uses containment curves based the implied silhouette of
the AParto geomet ry.ishbsrectanghlarsmshape.pe i f t he

Containment: This type uses actual containment geometry that is specified by
the user. You will need to select the containment geometry (Cam feature type

AContaino). This can be any c¢lass of Cam f
are recommended.

More information onocpeafi hgsin€aHELBEManimbonhd i n

% Offset

An offset to the containment can also be applied and is based on the % of the current
Tool Diameter. As shown in the following examples.

Try them out and then set the % Offset back to 0 (zero).

Offset = 20 Offset = -20 Offset =0

z

The Top and Bottom fields allow you to specify Z clipping planes that will limit the
toolpath in Z. You can enter a value or select a point for each of the fields. The top and
the bottom are detected automatically if the fields are left blank (no value entered).

The Max Cut Depth Field sets a maximum cut depth that will be applied. It forces the
tool to Engage and retract in many places limiting the cut depth to whatever is set in the
field as shown below. The tool retracts all the way up to the Z Clear value in this
example, more about retract options later.
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The Rough Behaviour capability takes the max depth option one step further. It
creates an area clearance pattern at each Z level specified by the Max Cut Depth value.
This removes material out to the current XY containment and then automatically
connects, or links the toolpath at each of the Z levels. Use this option to turn a finishing
operation into a combination roughing/finishing operation.

Try the options out and then remove the value from the Max Cut Depth field and set the
Rough behavi our b &aculatethe todlpath.0, t hen r e

Limiting Parameters:Reference Tool

Reference Tool T A reference tool is used to determine which regions could not be cut
(using that tool and the current type of operation). It is used to determine regions where
further machining would be required. The reference tool must exist in the current
CamPlan but it is not necessary for an operation using that tool to exist.

Min Rest Height i This parameter sets the minimum height of detected rest material.
The default is 0.3mm. A low value will increase sensitivity but will also increase the
possibility of false detection that can occur when coarse tessellation tolerance is used.

Ref Shoulder - When set to "Ignore", tool shoulder information will not be
exported/considered for tool path calculation.

When the Ref Shoulder parameter is set to Consider (default), ZW3D CAM will try to
determine the minimum tool hanging location (from the tip of the tool) to achieve a
gouge free tool path. If this height is less than the tool height, a warning Message is
issued. See below. This information along with the tool information is saved with the
tool path.
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WARNING: Minimum tool hanging height should be 100.00 to avoid gouging.

Anti Witness- This is a coefficient for fine tuning the rest finishing operations.

Convert 3D -> 2D i If this parameter is enabled, the projective cycles will be better
chained (topological linking can be applied).

Rest Rough 1 Options Yes/No. If this parameter is enabled rest roughing will be

applied pRa@podi(mRgefaerfence OpdeThaRefQpis)ocatedin def i n
the operation section of the CamPlan manager tree. We used the Ref Op parameter on
previous examples when we covered roughing earlier in this tutorial. If enabled, the
reference operation i s us edonthestogk Theiresaltsef t h
the simulation define the fAcut shapeo of t
operation of the selected type is calculated. If disabled, a finishing operation is

calculated. If Rest Rough is enabled on finishing operations then you must specify a
AStocko feature in the finishing operation.

e t
he

% Anti Fragment - This specifies the anti fragmentation distance for 3D limiting.

We will be doing examples of rest machining with finishing operations later in this
tutorial.

Limiting Parameters: Filters(including Filters and Angular )

Filters:

% Small Area i This will filter tiny regions in angular limiting. The areas detected during
the toolpath generation that are less than the % Small Area Filter value times the total
area of the surface are ignored. It is used to stop the tool from detecting and cutting
really small unnecessary areas.

Angular:Angular limiting can be used to clip the toolpath with respect to the angle of the
part in relation to the tool.

Angle Range i Sets the minimum clipping angle (default = 0).Sets the maximum
clipping angle (default = 90).

Prev Cut Dir T This will cut only those regions that tilt between the Min angle and the
Max Angle values and also perform additional analysis to determine and cut any uncut
material left over from a previous lace cut operation. The value in this field should be the
same as the Cut Dir value of the previous lace cut operation. If a previous lace cut
operation is not present, this field should be left blank.

% Antiskate Offset T This value is used to offset limiting curves with a safe distance.
This avoids potential skating near steep walls due grid inaccuracies.
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Let 6s try o Arngula bnmteng apfionstahdealso a new Cutting
parameterCut Dir.

Cut Direction i You can specify an angular value in degrees or pick the button to
select edge geometry to define a vector.

In our next example we are going to specify a cutting direction and also apply angular
limiting to force the tool to cut only flat regions.

In the operation Parameters/Path Setting enter the following options as shown.
1 Add Finish Pass = Yes.

1 % Finish Distance = 50.

1 CutAngle =0 (This is equal to the X direction).

To limit the toolpath to cut only flat regions we will apply an angular limit range using the
Angle Range options in the operation Parameters/Limiting form.

1 Min Angle =0

1 Max Angle =0

Calculate the toolpath.

Only the AFlatlandso on the part have now bee

angular limiting range of 0 to 0 degrees. Also notice the affect of specifying Add Finish
Pass and % Finishing distance.
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The Toolpath is also cutting the part in an X direction because we specified this in the
Cut Angle field, Cut Angle = 0. This is perhaps not the best way of cutting this particular
part. A more efficient toolpath would be achieved if the toolpath was in the Y direction,
Cut Angle =90. However we can utilize a very powerful feature with QUICK MILL which
automatically finds the longest span when determining toolpath direction.

Simply leave the Cut Angle field blank and then recalculate the toolpath.

The bulk of the toolpath now cuts in the Y direction, but notice the area in the handle
shape, this cuts the region utilizing the #fALO

Combination strategies

We can use angular limiting on a combination of different QUICK MILL toolpaths| et 6 s tr vy
this on our part, but first set the angular range Maximum and Minimum options back to

their respective default values of Min=0and Max=90and changeAnglebhet @ Cu't
be bl ank ( r eNowveealculateé¢he todpath.
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The HSM Lace operation cuts the part nicely. However there are regions of the part,
shown clearly , where the part requires further machining. We can use a combination
strategy to perform another operation cutting only those regions that require further
machining.

We are going to make a copy of our existing HSM Lace operation and modify the new
operation to machine the required regions on our part.

First |l etds save our part

Save the Part.

Making a copy of an existing operation.

Make a copy of the existing HSM Lace operation by placing the mouse pointer over the
operation name and pressing the right mouse button.

SelecttheA Dup!| i e@mttie@n and a new identical operatio
created.

Modify the new operation and change the Cut Angle parameter in the Path Setting to
force the tool to cut in the X direction. Calculate the toolpath.

This would clean up the part nicely but there are unnecessary cuts over the top of the
part where the previous operation has already cut the part successfully.

Use the Angular limiting option to limit the toolpath on our new operation to be within a
specific range.

Edit the new operation as follows:
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Path Setting parameters

1 Add Finish Pass = No

1 % Finish Distance =0
Limiting/Filters/Angle Range parameters
1 Min Angle = 20

1 Max Angle =90

Calculate the toolpath.

The image above still shows that there are areas on the part that are unnecessarily cut.
The top right hand area shows this clearly.
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The previous operation cut this correctly; we should not have to cut this again with our
new operation. The region is within the specified angle limit range of 20 to 90 degrees
so it has been cut with our new operation. We can use another limiting parameter to
improve the new toolpath further.

Set the Limiting-Filters-Angular Parameter 1 Previous Cut Direction to 90 and
recalculate the new toolpath.

Save the File.
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Chapter 9 Finishing Leads and Links
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In this chapter we will cover:

Leads and Links.

Long Links.

Long Links types.

Short Links.

HSM Lace and Lace differences.

At a Glance toolpath Analysis.

Short Link Limit.

Toolpath Link Smooth Distance.
Max Plunge Length.

Lead In/Out using a Z Level operation.
Short Link types.

Forcing Lead in/out with Short Links.
Lead In/Out types.

= =4 -0_48_9_9_40_48_9_2_2_-2_-2-

Load the file fiMill_Bottle.ZzZ30and t hen | oad WMbdel CaA dlardl an A

L)
Linkand Lead. ===

All discreet regions of any QUICK MILL toolpath are connected together by leads and

links. Leads are split into two categories Lead in and Lead out. A lead in occurs when

the tool moves in to engage material and a lead out occurs when the tool leaves

material. The connecting move between the leads is called a link. Links themselves are

also split into two categories short links and long links. Normally a long link is required

when the connecting move between the leads has to move up to clear obstacles such

as high walls or clamps and so on. Short links are used when the tool remains or stays

close to the part when moving over to the nex
look at leads and links.

Long links

Hide all the toolpaths in the CamPlan with the exception of the second HSM Lace.
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The clearance moves shown in blue in are Long Links. In this example the Long Link
moves up to a user definable safe distance. There are other types of Long Links
available to us and these are defined in the operation Parameters/Link and Lead form.

The Long Link typein that form is anOptimized long link. This moves the tool up to a
safe distance as specified by the Safe Distance parameter. Change this value from 10
to 1 and calculate the toolpath.

The clearance moves are now much closer to the part.

Change the Safe distance value back to 10mm and recalculate the toolpath.

LTI

SN | (YT YT O YT

Further examples of Long links
Try the following Long Link types and then set the long link back toOptimized.

Clearance - The tool moves up to the value specified By the Clear Z parameter in the
clearance form.

(T

| (VLCETRRRRY RRRRRARRRRRRRRARRRRRRRI TR AREE R AR I A LA

Short Links

Long links are used to move the tool at rapid speed up to the clearance plane when
positioning the toolto the next machining region. What are Short Links and when are
they used?
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lLet 6s create a nLaos.We pilktakathid opportunity tp learn the
important differences between Lace and HSM Lace operation types.

Use the following:

Lace cut not HSM Lace cut. %

1 Tool = 10mm Diameter Ball Endmill (Ball Endmill D10)
1 Path Tolerance = 0.1

1 Stepover = Absolute

1 Stepover Size =3

1 Angle Range Min Angle =0

1 Angle Range Max angle =10

1 Long Link Type = Optimized

1 Features = Part Mode

1 Features = Stock

The new Lace operation toolpath.

This Lace operation cuts the part within the Angular Limiting range of 0 to 10 degrees.
The clearance moves are Long Links.

Initially there does not seem to be any difference between this Lace cut and a similar

HSM Lace Cut. In order to more clearly explain these differences and to discuss short
links we will firstcoveri At a Gl ance Tool path Analysis. o
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|l

At a Glance Display parameters

Please refer to the HELP Manualand fAsear tbpi tofiDt Bpl aying Tool
more complete description of fiTool Path Analysis and Appearance.o

This feature allows you to control the display properties of toolpaths. Each toolpath
operation contains an appearance tab that provides analysis and appearance options
for individual toolpaths. You can set style, width and display modes, and many more
options.

The options that will be most useful to our current discussion topic, Lace/HSM, Lace
and short links are described below, but once again please refer to the online help for a
more complete description.

Some of the options:

Options/Display Mode
1 Standard i The toolpath reverts to the standard ZW3Dcolors for toolpaths.

1 User Color i This option allows you to define the toolpathcolor.

1 Distance per Span i This mode displays each toolpath span with a color spectrum
which starts with blue and ends with red.

9 Distance All T This mode is similar the previous one but the color spectrum applies
to the toolpath across the entire part, blue at the start and red at the end.

1 ZValuei This mode is an analysis of the Z depth across the entire part. The lowest
Z depth is blue and the highest is red.

1 Feed Rate i This displays an analysis of the feed rate across the entire tool path.

1 Lead In Lead out, Plunge and Link(Filters tab) i Check each appropriate box to
display the lead and links.

Options/

1 Redraw after Save i Check this box to redraw the display after the operation form
is updated (i.e. after you pick OK).

Set the Appearance options as follows:

i Pick Distance all.
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 Check the Redraw after save box.

This displays a color spectrum of the entire part.
The Long Links can be clearly seen.

Notice how the part has been cut in discreet regions due to our angular limiting option.
If this was a HSM lace operation a similar toolpath would be created. Remember we
said earlier that Lace type operations are projected toolpaths. The Lace toolpath pattern
is first calculated in XY and then projected onto the part. If this were a HSM operation
each of the discreet toolpath region patterns would be calculated in XY and then this
region pattern is projected onto the part. Lace is different. Each Lace toolpath span, as
opposed to a toolpath region, is calculated in XY and then projected onto the part.

What 6s a t mdl path spa

Pick the Distance per Span option from the Display form.

This also helps with the description of a toolpath span. Each individual zigzag move is a
single toolpath span. Take a closer look at the end of one of the spans. Notice at the
endsofeachs pan there is an AArco | i ke move.
was achieved by XY smoothing. Each region pattern in a HSM cut is calculated first in
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XY and then projected onto the part. So the step over smoothing is done before the
pattern is projected onto the part and is controlled by XY smoothing.

With lace each span is projected individually onto the part so no XY smoothing is
possible and is not available in the Lace form. However the ends of each zigzag move
have to be connected. This is achieved in a Lace cut with a Link. In a Lace cut the
clearance moves are Long Links and the stepover moves are Short Links.

The short link in our Lace operation is a SplineShort Link, producing in our example an

arc like move. Other Short Link types are: Straight,Step, Optimized and Clearance,
but more about short link types later.

|1 5.""\4 Il g

Lace Cut - Stepovers use Short Links HSM Lace cut - Stepovers use XY Smoothing
(12: Single toolpathpass 2& 3: Short Link (1: Step over smoothing 2:Long Link 3:Toolpath
4: Stepover 5: Long Link) Region 4:Stepover)

Note: Because HSM cut regions are projected onto the part, the stopover cannot be
variable.
Lace cuts are not projected as a region.Each span is projected so the stepover
can be variable.

Short Link Limit (Link and Lead parameters)

We have seen that with the Lace operation clearance moves are Long Links and

stepover moves are Short Links. Short Links are not limited to Lace cuts and appear
elsewhere in different operation types as we will see later. We need the ability to
influence the way in which Long Links and
look at our current Lace example.
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Looking closer we can see that there are some areas of the toolpath where a Long Link
has been used when a Short Link would be a better choice. We can use a toolpath link
parameter called % Short Limit to decide on whether a Short or Long Link is used.

The default value of the Short Link Limit is 10. A simple rule is used to decide on
whether a Short or Long Link is used based on the Short Link Limit parameter and the
stepover.

The rule applies to the distance from the end of one toolpath span (or region in HSM
Lace for example) to the start of the next span. In our current example, the Short Link
Limit is 10 so:

Any distance value that is smaller than 10 will be output as Short Link.

Any distance value that is larger than 10 will be output as Long Link.

The stepover in our example is 3 and outputs a short link. However in the area shown,
the distance at the end of one tool path span and the beginning of the next is
approximately 9, so we get long links here where short links would be clearly better
suited. Let 6s Shod land eimitttahfarce short links.

What value do you think we should use?

Getting the Short Link Limit right.

1 Short Link Limit=0

1 All distance moves are larger than this value so onlyLong Links are output.
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9 Short Link Limit= 100

All distance moves are smaller than this value so onlyshort links are output.

9 Short Link Limit =15

1 Distance moves larger than 15 will be output as a Long Link.

1 Distance moves smaller than 15 will be output as a Short Link.

Tool path Link Smooth Distance

High speed milling machines perform better when there are no sudden changes in
direction. If you take a close look at the previous example you can see that the

CAM 103



ZW 3D

clearance moves each have a sharp corner. We can force a smooth move at these
sharp corners wit3®moodtihRistaheceo | pat améi ek. i

Max Plunge Len

The Max PlungeLenopti on all ows us to control the | en
a look at the default option

For the following example changethe i Sa f e Di patameatecte 80mmand AShort
Link Limitoto 10. We are using this large clearance move to highlight the plunge move
clearly.

Now open the Feed parametersformand hit iSpeeds,Feedsobutton, change some of
the Feed rates parameters as shown below.

Rough = 500

Finish = 400
Plunge(%) = 500
Retract(%) = rapid
Traversal(%) = rapid

= =4 =4 -4 -9

Now calculate the tool path.
The blue colored moves shown are rapid moves.
The red colored moves are plunge moves.

The default plunge moves downitwilleverttually stesttoar t of
cut material.

The plunge move feedrate in this example is 500mm, so there is a relatively large move
performed at plunge feedrate.
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\

\

RaFID
1000. 0000 RFM

—21.4688
=5.1837
.B251

0. 0000
0.0000
1.0000

mUH MR M
-
i

Toolpath verify

S500.0000 MMPM
1000.0000 RPY

-21.4688
.1837
39.1714

0.0000
0.0000
1.0000

F T I S - N s |
|
an

Toolpath verify
Changing the Max Plunge Length

We can change the maximum length of the plunge move, using the Max Plunge
Length parameter.
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Change the Max Plunge Length value to 5Smm.

Re-calculate the toolpath.

di3 RAPID
S 1000.0000 RPN
X -21.4688
¥ -5.1837
Z 85.8251
I 0.0000
15 0.0000
K 1.0000
Toolpath verify
F RAPID
S 1000.0000 RPM
< [X -21.4688
Y -5.1837
||z 44.1714
I 0.0000
J 0.0000
K 1.0000
Toolpath verify

Once again rapid moves are shown in blue and plunge moves are shown in red.
The tool moves at rapid to a position above the part as before.

However, this time, see above, the tool moves down first in rapid and then shown left,
down at plunge feedrate.
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The length of the plunge move is the length specified by the Max Plunge Length
parameter.

S00.0000 MMPM
S 1000.0000 RPM

-21.4688
-5.1837
44 1714

0.0000
0.0000
1.0000

Toolpath verify

Lead in/out and the Z level operation

To more easily gain an understanding of Lead in/out we will use a new operation type
called Z Level.

Save your existing file, clear session.

Load t he _Shapdz80 naBred It men G BamPR| an o

|

Create a new operation to the following specification.
1 Use Zleveloperation.
1 Tool = Endmill D20/ 2.

1 Set Path Tolerance to 0.1mm in the Cutting parameters form.
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1 Set StepdowntoAbsolute in the Cutting parameters form.
1 Stepdown value = 5.
1 Pick the partBell _Shape shown above as Features.

Calculate the toolpath.

The Z level operation is not a projected toolpath. The tool cuts the part using constant Z
steps in a side cut manner.

Short Link Types
The movement between each of the Z levels is a Short Link.
The default ShSplinedo Link type is 0

The t ool moves down to the next Z | evel i n
part.

Anot her Shor tOnBSurfaded Type i s

=]

The tool moves down to each Z level in a straight cut without gouging the part, in one of
two ways:

At the lower levels of the Z level cuts, the part is concave in shape and the tool move
down in a straight line as shown below left.
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Atthetopofourbells hape the part i s convexOnSurfaces t i me
but on the surface of the part producing a curve motion which is the shortest distance
between Z levels without gouging the faces. See below.

The moves down to each Z level on the previous example were cut with a Smooth Short
Link.

This keeps the tool in contact with the material. This can be an advantage with some

types of materialswhi | e with other types a AwiYomessoOo ma
can force the tool to move away from the part (Lead out), move to the next Z level and

then move in to the part (Lead in) in a number of different ways.

Option 1 :clearance moves between each level by using a Lead in/out and a Long
Link.(Link tab, Lead and Link parameters form)

Change thefiShort Link Limito to O which will force Long Links.

The Long Link type showni s A Cl earanceo you may of course
Link.
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Notice as shown below there is a Lead in and Lead out at each Z level as well as the
Long Link (up to clearance in this example).

The Lead in/fout moves, are the small arc moves.

Forcing a Long Link at Lead in and Lead out is perhaps not the most efficient way of
cutting this type of part.

What we need is a Short Link combined with the Lead in/out instead of a LongLink
with Lead in and out combination.

Set the iShort Link Limito back to 10 and recalculate the toolpath.

Option 2 Using Lead in/out with a short Link.(Lead in/Lead out tab, Lead and Link
parameters form)
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The default moves between each Z step in a Z Level cut are, as previously shown,
Short Links without any lead in/out. We changed the toolpath to move away from the
part between each Z step using a combination of Lead in/out and a Long Link. The next
example is a much nicer way of cutting Z level toolpaths. We will use a lead in/out
between Z steps as before, but this time we will use a more efficient Short Link instead
of a Long Link.

The image below left shows the default Lead in/out Tabs. There is a field in the Lead In
sect i onAfterdéald ®w&hoftLinkdo and the default is fANooO.
will be no Lead In aftera Short Link( Lead in tab), and in the Lead Out section there will
be no Lead Out beforea Short Link.

So by default Lead in/out is only applied with Long Links. We need Short Links with a
Lead in/out.

Change both fields fiAfter Lead to Short Linkdt o fiYeso. This will forec

with Short Links.

Calculate the toolpath

The toolpath shown has a Lead in/out and a Smooth Short Link between each Z Step.

Lead In/Out Types
Types Lead In/Out options are:
1 Normal - Produces 3-D Lead in/fout moves perpendicular to the part.

i Vertical - Produces a vertical Lead in/out.
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1 Horizontal - Produces a horizontal Lead in/fout move, particularly useful for Z level
toolpaths.

Try the following options:

Lead in/out is set to Normal, the moves in and out of the part are normal to the faces.

Lead in/out is set to Horizontal, the moves in and out of the part are Parallel to the
cutting plane.

Lead in/out is set to Horizontal and the Short Link Type is set to Straight.

For more information on Lead In/Out options, please refer to the HELP Manual.
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Chapter 10 More Finishing Options
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In this chapter we will cover,

1 Combination milling strategies (Combos).
1 Offset 2D.
1 Offset 3D.
1 Z Level with flat place detection.
1 Adding Uniform Cuts to produce constant scallop height and constant tool load.
1 Tool path flow Climb, ZigZag, Top to Bottom, etc.
T Converting AClassico milling tool pat hs t
Linking.
Combination milling
Load the file AiMill_Bottle.Z30and t hen | oad Mddel Cam Mlar®l an A
Combination milling strategies (Combos) enable you to combine different milling
strategies to achieve the optimum cutting efficiency. You can fine tune the milling
process by combining multiple cutting technologies into one unified solution.
We have already used milling combos (see Chapter 7) with the HSM Lace cut as shown
below.
Thisimages hows a combo tool path based on two HSM

different combo based on HSM Lace and Z level.

Create a Z level operation to cut the part in a similar way to the Red HSM Lace cut
shown above. Use a 10mm Ball end tool with 2 mm step sizeproducing the toolpath
shown below.

The Leads and Links have been removed for clarity.

Try this exercise on your own. The operation parameters are shown on the next page.
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HSM Lace (blue) Z Level (red) Combo

The parameters used to create the Combo Z Level cut shown here are shown below.
The Primary parameters.

1 Path Tolerance =0.1.

1 Stepdown= Absolute.

1 Stepdown Size = 2.

The Limiting parameters/Filters/Angular

1 Min Angle = 20.

1 Max Angle = 90.

1 PrevCut Dir. = 90.
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Save the file.

Load the CAMPI an ABl owmpl dn&am_

More Combo Milling Strategies

In the next exercise we will combine three separate operations to produce the toolpaths
shown below.

Create three separate operations as shown right, as follows:

The green toolpath.

1
il
il
il

HSM Laceoperation %

Tool 12mm diameter square corner End Mill(Endmill D12/0).
Stepover = Absolute.

Stepover size = 6.

The red toolpath.

1
T
1
1

-
Z Level operation. &
Tool 10mm diameter ball End Mill(Ball Endmill D10).
Stepdown = Absolute.

Stepdown size = 2.

The blue toolpath.
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1 HSM Laceoperation %
1 Tool 20mm diameter ball End Mill.(Ball Endmill D10)

1 Stepover = Absolute(Cutting parameters form).

1 Stepoversize = 2.

The HSM Lace, Z Level, HSM Lace Combo operation parameters used in the above
operations is shown in the next pages.

The green tool path mills the flat areas on the top of the part. This is achieved by using
angular limiting. Notice the toolpath automatically calculates the longest span.

Primary parameters:

1 Path Tolerance =0.1
1 Stepover= Absolute.
1 Stepover size =6

Path Setting parameters:

1 Add Finish Pass = No
1 % Finish Distance =0
T CutAngle= ABl anko Longest Span

Limiting parameters/Filters/Angular:

f Min Angle=0
1 Max Angle=0

The next toolpath (red) is a Z level side cut operation which also uses angular limiting to
mill the steep regions.
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Primary Parameters:

1 Path Tolerance =0.1

1 Stepdown = Absolute.

1 Stepdown Size = 2.

Limiting parameters/Filters/Angular:

1 Min Angle = 45.

1 Max Angle = 90.

The lasttoolpath (blue) is a longest span HSM Lace cut also using angular limiting, this

time to mill the shallow areas. Note the clean up pass on each region and also how
nicely the toolpath cuts all the regions not cut by the Z level operation.
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Primary parameters:

1 Path Tolerance =0.1
1 Stepover Type = Absolute.
1 Stepover Size = 2.

Path Setting parameters:

M Add Finish Pass = Yes.
1 % Finish Distance =50

Z Limiting, to stop the tool milling the top planar faces of the part.
1 Top =44 ( the top of the part is 45mm)
Limiting parameters/Filters/Angular:

1 Min Angle=0
1 Max Angle =45

HSM Offset 2D andOffset 3D finishing operations

HSM Offset 2D and Offset 3D toolpaths use a similar spiral type pattern to finish the
part. However there are two very important differences between the two types. HSM
Offset 2d is a projected toolpath so the pattern is calculated first and then projected onto
the part. This toolpath is fast and is particularly well-matched to parts that have shallow
features. Parts that have steep features are better suited to the Offset 3D operation.
Offset 3D takes longer to calculate but it is a full 3D toolpath and is not projected onto
the part. With Offset 3D the user can mill the part with a constant cusp, or scallop height,
to produce an even finish and uniform tool loading as the step over can be variable.

HSM Offset 2D

Take this opportunity to save your part and clear the session.

Now re-loadthe file AMill_Bottle.Z36 and then load the CAM Plan
ABl owmo !l dp |Caann®_

Hide all the current toolpaths. Next create a new HSM Offset 2D operation, create the
toolpath to the following specifications.
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1 Tool = 10mm Ball End(Ball Endmill D10).
1 Path Tolerance=0.1mm

1 Stepover= Absolute

1 Stepover Size = 3mm

1 Path Setting/Path Pattern = From Boundaries.

=

Below left shows the calculated HSM Offset 2D toolpath from above. The spiral pattern
is clearly seen and the Stepover of 3mm is constant when viewed in this orientation.

)

|

C

However the actual toolpath does not have a constant step over in XY and Z
Below shows the same toolpath viewed at an angle. This shows that the spiral type
toolpath is projected onto the part and that the steep regions are not finished.

Offset 3D %

Letds try the Offset 3D operation. Create and
operation to the following specifications.

1 Tool =10mm Ball End(Ball Endmill D10).
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1 Path Tolerance =0.1
1 Stepover = Scallop
1 Scallop Size=0.1.

1 Path Setting/Path Pattern = From Boundaries.

The Offset 3D cut shows a constant scallop height toolpath machined on the detailed
undulating surfaces of the part. This type of cut also produces a uniform tool loading.

Notice the optimised clearance moves around t
black. If we want the tool to stay in contact with the part instead of producing these
clearance moves, how could we accomplish this?

Did you get it tthelikmg answer ds i n

The black moves in the previous image are Long Links. We need to modify them to
Short Links as shown below.

Change the fShort Link Limitot o A20000 to force short I inks
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Z Level with Flat Place Detection '—

This type of operation offers an efficient toolpath with excellent continuity and is
especially useful for parts that have long shallow features. Start by creating a Z level
operation with the following specification.

1 Tool = 10mm Ball End(Ball Endmill D10).

1 Path Tolerance =0.1.

1 Stepdown Type = Scallop.

1 ScallopSize =0.1.
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The Z Level cut shown above has a cusp height option applied, but this type of
operation is unable to cut all the part with a cusp height option and keep a constant Z
step. Z level operations have a constant Z step and the flat areas on the part have not
been machined. There is however an option available which will allow us to add
additional cuts to certain operations, including our current Z Level operation. This is
achieved withthei Ad d Un i f o option. Che oian is shown on the next page.

Adding Uniform Cuts.

Set the Z Level operation Advanced/Path Pattern parameters form.
1 Add Uniform Cuts = Yes.

Set the Z Level operation Limiting Parameters form.

1 Z Limiting option Top = 44.9(Just below the top face of the part to avoid cutting the
top flat faces).

1 The finished toolpath with the additional uniform cuts is shown below, please note
the leads and links have been removed from the image for clarity.

Save the Part.

Parallel Lace i Top to Bottom (or Bottom to Top)
Load the file fiMill_Bottle.Z30and t hen | oad Mddel GCam Mlar®.l an

Hide all the toolpaths.
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You have complete control of tool path direction and flow (Climb, Conventional, ZigZag,
Top to Bottom, etc.) The following example highlights the automatic Top to Bottom Lace
milling functionality.

Create and calculate a new Lace operation to the following specification. %
Tool = 10mm Ball End(Ball Endmill D10).

Primary parameters:

1 Path Tolerance =0.1.

1 Stepover Type = Absolute.
1 Stepover Size = 8.

Path Setting parameters:
1 Cut Angle = 0 (Forces cuts to be in X).
1 Cutting Direction = Top to Bottom.

Link and Lead Parameters:
1 Long Link Type = Spline.
1 Safe Distance =3

The Display parameter Distance per Span has been used to show how the tool moves
from Top to Bottom at each span (Blue to Red)

Spline Linking and Z corner radius.
The | ast example used Spline Linking to conve

speed cycle. In fact any classic type milling cycle can be converted into a high speed
tool path in this way.
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Change the | ast Lace operation to cut the part
to be Climb. The operation parameters that you need to change are shown on the

bottom of this page, but try it out yourself first. Note the addition of 4mm Z corner radii

(the Spline Links have been removed from this figure for clarity).

Change the Lace operation cutting parameters as follows.
1 Cut Angle =90 (cuts in Y direction).

1 Cutting Direction = Climb.

1 Z Corner Radius = 4.

Save the File.
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