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Chapter 1 Learning 2 Axis Mill Basics

This chapter provides an opportunity to learn CAMWorks 2 Axis Mill through a step by step
hands-on tour of the features and functions.

The exercises in this chapter are intended to show you how to use CAMWorks and may not
correspond to actual machining practices.

IMPORTANT! CAMWorks uses a set of knowledge-based rules to assign machining
operations to features. The Technology Database contains the data for the machining
process plans and can be customized for your facility's machining methodology. When you
do these exercises, your results may not be the same as described in the steps and illustrated
in the figures. This is because the machining sequences and operations data in your
Technology Database may be different from the database used to produce the
documentation.

Learning 2 Axis Mill Basics 1-1
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2 Axis Mill 1

What You'll Learn

Steps to Generate Mill Toolpaths and NC Code in Part Mode

The following steps are used to generate Mill toolpaths and NC code:

Define the stock.

Generate toolpaths.

© o N ORODN -~

!

Model part in SolidWorks
or import part

h 4

Change to CAMWorks
Feature tree

!

X, Define machine/change
controller parameters

h 4

U Define Stock E—

1-2 Learning 2 Axis Mill Basics

Model the part or open the part file in SolidWorks.
Change to the CAMWorks Feature tree.
Define the Machine and modify the controller parameters.

Define machinable features.
Generate the operation plan and adjust operation parameters.

Simulate material removal.
Post process the toolpaths.

M Generate toolpaths

T

Adjust operation
parameters as needed

:

Generate operation

plan

@ Simulate toolpaths

|

No

toolpaths
correct?

T

Define machinable
features (AFR & IFR)

@ Post process

h 4

Transmit file into CNC




Step 1:

Step 2:

2 Axis Mill 1

The next series of exercises show you how to generate finish toolpaths on a SolidWorks part
model. In order to give you a general understanding of how to use CAMWorks, you work

with a part that was previously modeled in SolidWorks. When you define the operations and
toolpaths, you will follow steps that are not explained in depth. This is done to show you the
basics of generating toolpaths from start to finish without getting into the details at this time.

Sample parts are provided for the exercises in this manual. When you install CAMWorks,
these files are installed automatically.

Model Part in SolidWorks or Import Part

A part is a solid that is created with SolidWorks or imported into SolidWorks from another
CAD system via an IGES, Parasolid, SAT file, etc. This exercise uses an existing
SolidWorks part.

1. Open the part file MILL2AX 1.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

The FeatureManager design tree lists the features, sketches, B |@ |t% Lﬁ |g |
planes and axes in the part. RES MILLzA%_1

The tabs at the bottom or top of the tree are for moving between | -1 Angftions
the SolidWorks trees and the CAMWorks trees. 3= Pgterial <not speciied:>

If the CAMWorks tabs are not visible, you can expand the size of | . (g solid Bodiesi1)
the tree. Position the cursor on the line that divides the tree from | /5
the graphics area. When the cursor changes to a bar, drag the bar /-3

to the right until the tabs display. = e

@ Ease - Triangle
@ Base - Rectangle
.. Pockets

.. Cuk - Holes
CAMWorks Feature Tree tab |- [ Packet Boss'
@ Rir

@ Tti - Boss'
Change to CAMWorks Feature Tree - Tri- Pock's

1. Click the CAMWorks Feature Tree tab.

The CAMWorks Feature tree displays. Initially, the tree lists the NC Manager, Stock
Manager, Machine and Recycle Bin items.

Learning 2 Axis Mill Basics 1-3
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CAMWorks menu

EBEX
% File Edit View Insert Tools CAMWorks Window Help i R i
DEEHE® %48 RE S BB m-n? |¥”
CAMWorks toolbar —— B WE L d
—
Feature Tree tab -l S Graphics area
2|
Operation Tree tab m Configurations
P E| Stock Manager[1005] ﬂ
¥ Example Mill-mm @
& Recyde Bin
CAMWorks
Feature tree
Part model
il
Editing Part 7

CAMWorks Machining Trees

The CAMWorks machining trees provide an outline view of the machining information for
the model. Initially, the CAMWorks Feature tree shows only the NC Manager,
Configurations, Stock Manager, Machine and Recycle Bin items. As you follow the steps to
generate an NC program, this tree expands to include Mill Part Setups and machinable
features. The tabs are for moving between the SolidWorks trees and the CAMWorks trees.

. [Bs Configurations - Multiple CAMWorks datasets are supported in part mode. Each
dataset is called a configuration. You can use configurations to support multiple
machines and SolidWorks configurations.

. U Stock Manager
The stock is the material from which the part will be machined. You can define the stock
as a rectangular shape or as an extruded sketch. You can also specify the type of material.
. 2 Machine

The Machine item defines the machine tool that the part will be machined on. The
machine definition includes the type of machine (e.g., mill, turn), tool definitions and the
machine controller (post processor). The machines are set up in the Technology
Database.

. @ Recycle Bin
The Recycle Bin in the CAMWorks Feature tree is used to store machinable features that
you do not intend to machine.

1-4 Learning 2 Axis Mill Basics



2 Axis Mill 1

CAMWorks Menu

1.

Click CAMWorks on the SolidWorks menu bar. The CAMWorks menu lists the
CAMWorks commands. The commands are explained in the CAMWorks online Help.

Right click on the NC Manager in the tree. This is a shortcut menu. The right-click
shortcut menus provide access to a variety of commands.

CAMWorks Toolbar

The CAMWorks toolbar provides access to the main CAMWorks commands found on the
CAMWorks menu. Clicking a toolbar button is the same as selecting a command from the
NC Manager level, regardless of the active item in the tree.

Step 3:

1.
2.

4.
5.

Locate the CAMWorks toolbar and click the Options button.
In the Options dialog box, click each tab BE L, @ =6 E @ 4 & & o

to view the options and settings that you
can change in CAMWorks.

Click the Help button at the bottom of the dialog box. Each tab is explained in the online
Help.

Click the Close button in the upper right corner of the Help window to close the window.

Click Cancel to close the Options dialog box.

Define the Machine

The machine includes information that identifies what to machine, how to machine it, and
the format of the NC output. Important parameters of the machine definition include:

Define the machine:

1.

2.

Machine type — mill, turn, mill-turn or Wire EDM: The machine type defines the
machinable feature set that can be recognized automatically and defined interactively.

The icons that display in the tree identify the current machine:
. Mill Machine =" Turn Machine = Mill-Turn Machine (£ Wire EDM

An alternative machine can be selected at any time to output different G-code programs
for alternative machine tools. If the machine type changes, then all features and
operations will be deleted.

Tool crib: A subset of tools from the tool library that are commonly loaded into or used
with the current machine.

Controller: Also called a post processor. This post processor identifies the format of the
NC G-code output.

a MC Manager
|& Configurations

£ Right click Example Mill-mm in the CAMWorks Feature E{J Stock Manager( 1003
tree. s T
The shortcut menu displays. Shortcut menus display commands Properties...
that are appropriate for the highlighted item. Rename
Select Edit Definition on the shortcut menu. Hide
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The Machin dialog b dispays the [

Machine tab. The default machine is
specified in the Technology
Database. Example Mill-mm is the

Maching | Tool Cib | Controller | Posting | Setup | dth Axiz | Sth Asis

Avwailable machines

: . = E Mill Machi £
default machine used for the metric L e
parts in this manual. When you use - Example Milmm 431
: == Tum Machi 3 ]
CAMWorks to machine your own N wample Tunn || St fematon
partS, Select the machlne tool you . Example TL,.lm-mm 43 Machine name : Example Mil-rmm
hi h = = Mill/Tum Machines Maching 10 : Miling Machine st
want to use to machine the part. Example MilT urn-mmr _ _

. . E=ample Mill/ T urn-rmr Machine duty: Light Duty
Machine tools are set up m the = [ wWire EDM Machines Machine type : Mil
Technology Database. Before using Wit EDM Mods-mm Number of asis : Nore
CAMWorks to machine your parts, M. feedrate : 25000.000mm/min
make sure you define the machine Mas. spindle speed ; 10000, 000rpm
tools available in your facility. For < >

more information, see Chapter 8.

Active machine

3. In the Available maChineS liSt, tachine name ; Example Mill-mm
hlghllght Example Mill=mm and Machine |0 : Miling Machine Metric
click the Select button. Machine duty: | Light duty v

t achine bype Wil
Mumber of axiz : Mone
M ax. feedrate : 25000, 000mm. it
taw. spindle speed : 10000 .000rpm

Machine | Tool Crib | Controller || Posting || Setup || 4th fds || Gth s

4. Click the Tool crib tab and make sure
Tool Crib 1 (metric) is selected.

Awailable tool cribs

choose a Tool Crib, which is a set of Tool Cib 2 {metric) Name: | Tool Crib 1 fmetric)
i Tool Crib 3 {metric)
tools or tool assemblies that are used No. of stations: [40

with the machine you have chosen.
These are not all the tools that are
available, but a subset that you can
modify to represent the actual set of

Save... ] [ Select
Tool crib priorty [ ]

tools that the machine has loaded. Active tool crib - Tool Crib 1 metric)
TOOI Crlb 1 (metric) iS a default tOOl Usagelstn. No.l Tool Type | Dia. | Rad. |TipAngIe Class G
. 1| Flat End 0.5mm | Ornm H55
crib that has been set up for the sample 2| Flat End Amm | omm Carbide
b b 3 |Flat End 2mm | Omm HSS
Mill rpachme. When you define your et tra e fes
machine tools in the Technology = | Flat End 4mm | omm HsS
&5 | Flat End Smm | 0mm HES
Dgtabase, you can set up your own tool e e omm hes
cribs. 8| Flat Eng smm | 0mm HSS
9 |Flat End 8mm | O0mm Carbide
10 | Flat End 10mm | 0mm HES
11| Flat End 10mm | 0mm Carbide v
< 3
Add... ] [ Remove ] [ Edit... l l Save...
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5. Click the Controller tab.

This tab allows you to select the post
processor. The list that displays depends on
the post processors that are installed on
your system. CAMWorks is supplied with
several default post processors that may or
may not be suitable for your needs. Contact
your CAMWorks reseller for information
on making changes to these post processors
or for other post processors.

If the controllers do not display, use the
Browse button to locate the folder
containing the controller files (*.ctl).

I[f FANTUTM (the tutorial post processor)
is not highlighted, highlight it in the list and
click the Select button. FANTUTM is the
controller used for the exercises in this
manual. When you use CAMWorks to
machine your own parts, select your
machine tool controller or post processor.
The Current information area displays
information about the FANTUTM
controller.

2 Axis Mill 1

Machine

Machine | Tool Crib | Controller | Posting | Setup | 4th &ds | 5th Ads

Available
C:\Program Files\CAMWorks2007\Posts\FANTUTM ctl

CINE50M
CWBAXIS a
FADALCNC
FANI000C
FANATUTM
L .
Cument information:
Parameter | Value

MILL TUTORIAL
FANUC TYPE
508.00000mm
250

Machine Name
Controller Type
Z Home

Traverze Rate

Description: CAMWorks Milling tutorial control post pro
Usage: not intended for business or personal use

Post name: fantutm.ctl

Posted output style: generic Fanuc type

< *

A short description displays in the window below the Current information. This window
contains information only if an optional file has been created for the post processor.

Click the More button.

A longer description displays. The More button is activated only if a second optional file
has been created. This information is intended for use in training or as a detailed
description of post processor attributes that can be created.

Information files are provided for the sample FANTUTM post processor that is used for
the exercises in this manual. Your TekSoft dealer or your company manager may be able
to supply these files if they are available for your post processor. If files are not available,
you can create post information files as explained in the online Help.

Click the Posting tab.

The parameters on this page are used for the following:

— To provide information required to generate the NC program. The parameters are
machine-dependent and different parameters may display for your controller. The
value for a parameter is output in the NC code if the machine requires it.

— To provide information for the Setup Sheet, a file that is created when the NC
program file is generated. All of the controller parameters are included in the Setup

Sheet.
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8. Type 1001 for the Program Number and
press the down arrow on the keyboard.

9. Type Stainless for the Material and press
the down arrow.

10. Type 40mm for the Part Thickness and
click OK.

Machine] Tool Erib] Controller  Fosting lSetup ] dth .&:-:is] Bith A:-:is]

Parameter

Prograrm number
aterial
Part Thickness

Value

[1001
Stainless
40 .00000mm

Step 4: Define the Stock
The stock is the material from which the part will be machined. The default stock is the
smallest cube (bounding box) that the part will fit into. Typically, this is not the size of the
stock you will be using. You can change the stock definition either by offsetting the
bounding box from the part or by defining the stock from a sketch and a depth.
In this exercise, you define the stock as a box offset from the part.
1. Right click Stock Manager in the CAMWorks Feature tree L] NC Manager _
and select Edit Definition on the shortcut menu. e CD”'ﬁg“ram”S
The Manage Stock dialog box displays. ¥ Exam | oPerfes.
@ Recyt  Insert Mill Part Setup. ..
Rename
Hide
Parts - Stock tppe
(-0 MC Manager @ % e ‘
2. For the Bounding box
Offset, type 1 for X+ I™ Uze optimized bounding box
and click the X+ button
(Uniform X).
3. Repeat step 2 T
for Y+ and Z+ _
. . Stock [Bounding Box Bounding box offset L L
4. ghck the Matelgal %+ [inm = x- =
OWNh arrow an v+ [imm v [
select 304L. el j j
5. Click Yes to continue. [z fim iy —
6. Cth OK to ClOSG the Get default | Set default |
dialog box. Stock size
» : 402mm Yo 262mm Z: B2mm
M aterial ; Stock group :
1005 x| |Others
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Step 5: Define Machinable Features

In CAMWorks, machining can be done only on machinable features. You use the following
two methods to define machinable features:

« Automatic Feature Recognition (AFR)
Automatic Feature Recognition analyzes the part shape and attempts to define most
common machinable features such as pockets, holes, slots and bosses. Depending on the
complexity of the part, AFR can save considerable time in defining two-dimensional
prismatic features.

. Interactively created features
If AFR does not recognize a feature you want to machine, you need to define the feature
using the Insert 2.5 Axis Feature command. If you have 3 Axis Milling, multi-surface
features can be defined using the Insert Multi Surface Feature command.

The idea of AFR is to analyze the part for features that can be machined. This process is
much the same as what you would do if you were to pick up a part that you had to machine.
You would look it over, take measurements, and begin deciding how to define areas or
features to machine and what machining processes you
would need.

CAMWorks is not machining the SolidWorks features
directly. It creates a separate list of Machinable
Features instead. This is because a single SolidWorks
feature may have several areas that need to be
machined in different ways with different tools.

For example, SolidWorks would see the part on the
right as having an extruded cut for the whole pocket
and an extruded boss for the ribs. That works well for

. . : - NC M
modeling parts in SolidWorks, but not for machining = 2 C::;;jrraﬁm
purposes. There are actually 5 pockets of 3 different types to {0 Stock Manager[1005]
machine here. X Example Mill-mm

Look at the CAMWorks Feature tree. There are 3 Machinable & <% Ml Part Setupt
Rectangular Pocket

Features i‘n the list: one for the large pocket on top, agd 2. for __ 18 Restangular Pocket Group1
the two different types of pockets around the ribs. This gives - N@| Fectangular Pocket Groupz
you the most flexibility for machining. @ Recycle Bin
Using Automatic Feature Recognition (AFR) -
7 s @ @

Define machinable features automatically:

Extract Machinable Features
¢ Assodate Features

1. Select one of the following methods to extract features:

Right click NC Manager and select Extract Machinable

Features on the shortcut menu. g4 DcfineMacine...

Options...
or

Click the Extract Machinable Features (}“ — -
button on the CAMWorks toolbar. 3 b @ = 1o I rELE S Y
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The CAMWOka Message WlndOW =] CAMWorks 2007 Message Window @gl
dlSplaYS. This window dlSplayS ﬂ Initizlizing Automatic Feature Recognition Module. . S
aut mati all tor rt th roor and Eutracting Hole Features...
uto cally 10 repo € Progress E:-:tractir:ug Machinable Features. .

status of the current process. Generating 'ienera“”gSEt“p*--- -
Mill Part Setups is the last item.

p . . [¥] &dvanced messages  Max lines: |100 Sy
You can control whether this window ( ]

displays temporarily or permanently by
selecting the Options command on the CAMWorks menu and checking the Message
Window option on the General tab in the Options dialog box.

CAMWorks generates the Mill Part Setup and machinable features. The items display in
the CAMWorks Feature tree.

The Mill Part Setup is the 2 axis plane that the tool movement will be based on. It has an
origin location, and X, Y, and Z direction vectors. The Mill Part Setup is created
automatically; however, you can move the origin, and change the direction and angles of
the X and Y axes.

A Mill Part Setup is created for each different tool orientation. There is only one Mill
Part Setup for this part because all features can be machined using a single tool
orientation. For each Mill Part Setup, the machinable features are listed in the order in

which they were recognized. U NC Manager
The Feature tree allows you to: [Fe Configurations
. a Stock Manager [304L]
— Copy, rename, suppress, delete and combine T Example Mil-mm
machinable features =52 Mill Part Setup1
_ Change machinable feature parameters Rectangular Pocket1 [Rough Finish]

Irregular Pocket1 [Rough Finish]

— Change the order in which the features are Irregular Pocket? [Rough Finish]
machined Irregular Pocket3 [Rough Finish]
— Insert 2.5 Axis and Multi Surface features Irregular Pocket4 [Rough Finish]

+ @ Hole Group1 [Drill]

— Search for a feature based on item name :
& Recyde Bin

— Hide or show feature display in graphics area
— Generate an Operation Plan and find the first operation for a feature

4% Did You Know ..
Features that have no operations and features that could not produce operations
because the feature conditions have not been defined in the Technology Database
display in a different color. You can set the color on the Display tab in the Options
dialog box.

Most feature parameters are fixed; however, some parameters can be changed using the
Parameters command on the feature shortcut menu.

2. Right click Hole Groupl in the tree and select Parameters on the shortcut menu.

The Hole Parameters dialog box displays the number of components and the hole
parameters. Since there is no physical information about the type of hole, CAMWorks
allows you to define an attribute for the hole (Drill, Bore, Ream, Thread or a user-defined
attribute).
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3. Click the down arrow next to Drill to see the choices.
4. Click Thread in the list.
The figure changes to reflect your choice and the Thread parameters are enabled.
5. Click the down arrow next to Thread and select Drill again, then click OK to close the

dialog box.
6. Click the + next to Hole Groupl in the CAMWorks Feature tree. =I-{@ Hole Group1 [Dril]
: e le1 [Drill
The tree expands to display each individual hole. % :EIZ; EE:H}
7. Click the - next to Hole Groupl. \5] Hole3 [Dril]
) ) N3] Hole4 [Dvill]
Save the part with the machinable feature data: N3 Holes [Drill]

8. % Click the Options button the CAMWorks toolbar.

Note that you can also click CAMWorks on the menu bar or right click NC Manager in
the tree and select the Options command.

9. On the General tab, make sure the Save/Restore part option is checked, then click OK.

If this option is checked, when you save and close a part document, the machining data is
saved. When the part document is opened again, the machining data is restored along
with the part design information.

If this option is not checked, when you save and close a part document that contains at
least one CAMWorks Setup, a message indicates that Save/Restore is disabled. If you
click Yes, CAMWorks saves all CAMWorks data before closing the file. If you click No,
CAMWorks closes the part and discards any new CAMWorks data since the last save.

10. Click Save As on the File menu.

11. In the Save As dialog box, type cwex1 and click the Save button.

SAVE FREQUENTLY!

— When you open a file, you are actually working on a copy of the file. The original is
still stored on disk. Periodically saving your file ensures that your latest work is
retained.

— CAMWorks provides an Auto save option on the General tab in the Options dialog
box for automatically saving your CAMWorks data.

— Frequent saves prevent having to redo a time-consuming model or CAM operation. If
a power failure occurs, you will lose whatever you have been working on.

Defining Features Interactively

Automatic Feature Recognition can save a significant amount of time; however, AFR does
have limitations. AFR cannot recognize every feature on complex parts and does not
recognize some types of features. To machine these areas, you need to define machinable
features interactively using the Insert 2.5 Axis Feature command.

In this exercise, you insert a Face Feature so that you can face the top of the part. In order to
define a Face Feature, you select a face on the SolidWorks part that is at the depth you want
to face the part to. In this example, the entire top of the part is the same height, so you can
select any of the topmost faces.
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1. Right click Mill Part Setup1 in the CAMWorks Feature tree and select Insert 2.5 Axis
Feature on the shortcut menu.

The 2.5 Axis Feature Wizard: Feature & Cross Section Definition dialog box displays.

2. Click the down arrow next to the Type list
box and select Face Feature.

3. Pick the main face.

The outline of the face is

highlighted on the part and Face <1> ) ~ (A0 /T s L
displays in the Entities selected list. 2.5 Axis Feature Wizard : Feature & Cross Section Def... E|El

4. Click the Next button. Feature
The 2.5 Axis Feature Wizard: End Tope: | R © single E
C.ondltlons dialog box displays. Thls e o s st
dialog box allows you to determine T > ot oloon _

how CAMWorks calculates the depth

. [ Check far taper & filst
of the feature and select an attribute ek fortaper & s

that defines a unique machining e Enties selected
sequence. aketchd || Face <1>
5. Leave the End condition Type set to et
Upto Stock. S
. Sketchb
6. Leave the Attribute set to Coarse. S =
7. Click Finish. [ Help l [ Close ]
8. Click Close to close the 2.5 Axis ] NC Manager
Feature Wizard: Feature & Cross Section Definition |&, Configurations
dialog box. \_] Stock Manager[304]
. . 2, Example Mill-mm
Face Featurel displays in the CAMWorks Feature tree. _ %> Wil Part Setup
You have now defined all the machinable features in Face Feature1 [Coarse]
this part and you are ready to generate the Operation Rectangular Pocket1 [Rough Finish]
Plan. Irregular Pocket1 [Rough Finish]

Irregular Pocket2 [Rough Finish]
Irregular Pocket3 [Rough Finish]
Irregular Pocket4 [Rough Finish]
@ Hole Group1 [Drill]
& Recyde Bin

Step 6: Generate Operation Plan and Adjust Operation Parameters

An Operation Plan contains information on how each machinable feature is to be machined
and how the NC code will be output. When Generate Operation Plan is run, operations for
each machinable feature are created automatically based on information in the Technology
Database. In some situations, the operations defined for a feature in the Technology
Database may not be sufficient and additional operations may be required. You can insert
operations interactively using the Insert 2 Axis Operation, Insert Hole Operation and Insert 3
Axis Operation commands. These commands are explained in the CAMWorks online Help.
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Select one of the following methods to generate an operation plan:

Right click Mill Part Setup1 in the CAMWorks Feature tree and click Generate Operation
Plan on the shortcut menu.

or FH)SEOEEY DL EeS
Click the Generate Operation Plan =

button on the CAMWorks toolbar. Clicking this toolbar button is the same as selecting
the command from the NC Manager level, regardless of the active item in the tree.

CAMWorks generates the operation plan for all the machinable features in Mill Part
Setupl. The operations are listed in the CAMWorks Operation tree, which displays
automatically. The Operation tree can also be accessed by clicking @, |ﬁ’ |t% | u:m@)
the CAMWorks Operation Tree tab.

The CAMWorks Operation tree provides an outline view of the operations for the
machinable features. Operations are listed under the Mill Part Setup in the same order as
the machinable features. At the top of the tree is the NC Manager. The Stock Manager
and Machine items function the same as in the CAMWorks Feature tree. You can change
the stock size and shape and the controller definition used by CAMWorks to produce G-

code. t| MC Manager
|& Configurations

The CAMWorks Operation tree allows you to: {3 Stock Manager[304.]

— Insert, rename, suppress, and delete operations ¥ Example Mill-mm
— Change operation parameters = <& Mill Part Setup1 [Group 1]

. ; 5% Face Mill1[T43 - 12 Flat End]
— Combine operations -y Rough Mil1[T16 - 16 Flat End]
— Sort operations 1N Rough Mill2[T17 - 16 Flat End]
— Change the machining order + \%,9 Contour Mill1[T17 - 16 Flat End]

5% Rough Mill3[T12 - 12 Flat End]

— Generate toolpaths 8- Contour Mil2[T17 - 16 Flat End]

— Simulate toolpaths - Rough Mill4[T12 - 12 Flat End]

— Post process the toolpaths + Q‘g Contour Mill3[T2 - & Flat End)]

_ Hide or show toolpath displa - Rough Mill5[T12 - 12 Flat End]
w p play 1%y Contour Mill4[T13 - 12 Flat End]

— Search based on item name ___——» @y Rough Mil&[T12 - 12 Flat End]

To the left of each toolpath operation is a plus sign (+). * \\9 E::Z.L-W[nr:|i|ll15rrrr 4113_' 11: CF;tt:ll'-l;]rill]

Clicking a plus sign displays the name of the 1%, Dril 1[T42 - 20x118° Dril]
Machinable Feature that this operation is going to & Recyde Bin

machine. These Machinable Feature items can be used

to view geometric information and to modify the machining depth of the feature.

¥ Did You Know ...

If an operation displays in a color instead of black, then toolpaths have not been
generated. This occurs when you insert a new operation interactively, you insert a new
feature interactively and generate operations for the new feature, or CAMWorks cannot
generate the toolpath for an operation because of an error in the toolpath algorithm or a
parameter is not correct. You can set the color on the Display tab in the Options dialog
box.
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Step 7:

The operations that are generated by CAMWorks are based on information stored in the
Technology Database. These operations are intended to be used as a starting point. Each
operation contains operation parameters that affect how the toolpath is created and specific
parameters that will be output to the NC program. These parameters can be edited before
generating the toolpaths and post processing the part.

Edit operation parameters using the Edit Definition command on the shortcut menu:

1.

3.
4.
5.

Right click on Rough Mill4 (the operation generated for Irregular Pocket2) in the
CAMWorks Operation tree.

Select the Edit Definition command on the shortcut menu.

The Operation Parameters dialog box displays. This dialog box gives you access to all the
parameters used to define the toolpath.

General parameters for the type of toolpath include the method of machining, depth of
cut, step over, stock allowance, retract height, speeds and feeds. This dialog box also
gives you access to all the parameters for the tool you are using and allows you to select a
different tool.

Click the Roughing tab and change the Pocketing Pattern to Zigzag.
Click the Feature Options tab and change the Entry type to Entry Hole.
Click OK to close the dialog box.

Generate Toolpaths

CAMWorks calculates toolpaths using the operation parameters and the feature's size and
shape.

1.

Select one of the following options to generate toolpaths:

Right click Mill Part Setupl in the CAMWorks Operation tree and click Generate
Toolpath on the shortcut menu.

or PELPEOEEY DL LSS

Click the Generate Toolpath button on
the CAMWorks toolbar. Clicking this toolbar button is the same as selecting the
command from the NC Manager level, regardless of the active item in the tree.

CAMWorks calculates the toolpaths for each operation in the Mill Part Setup.

You can also generate toolpaths for each operation individually by right clicking on an
operation and clicking Generate Toolpath on the shortcut menu.

Highlight the first operation in the tree, hold down the Shift key, then highlight the last
operation.

The toolpaths for all the operations display on the part showing the centerline of the
toolpath.
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Click an operation in the CAMWorks Operation tree.  {T] NC Manager
. . |& configurations
— The toolpath for that operation displays. \] Stock Manager[1005]

— As you click each operation, the toolpaths for that ¥, Example Mill-mm

operation are displayed. =< MillPart Setup1 [Groupl]
% Face Ml 1[T41 - 125 Face Mill

Notice that Center Drill and Drill operations were &, Rough Mil1[T16 - 16 Flat End]
created automatically for Rough Mill4 because you set % Rough Mil2[T17 - 16 Flat End]
the Entry Method to Entry Hole. % Contour Mill1[T17 - 16 Flat End]

) ) , % Rough Mill3[T12 - 12 Flat End]
When using the Entry Hole method, control is provided % Contour Mill2[T17 - 16 Flat End]

to: AW Center Drill 2[T42 - 16 Center Drill]
. .. . N Drill 2[ T4 - 125118 Drill]
— Specify any number of machining processes in the % Rough Mill4[T12 - 12 Flat End]
Technology Database to machine the entry hole % Contour Mill3[TS - 8 Flat End]
(i.e., Center Drill and Drill).  Rough MlS[T12 - 12 Flat End]

. % Contour Mil4[T13 - 12 Flat End]
— Tool type selection is expanded based on what each % Rough Mils[T12 - 12 Flat End]

operation supports. % Contour Mill5[T13 - 12 Flat End]

. . . . Center Drill 1[T42 - 16 Center Drill]
Tool diameter selection can be customized from S, Dril[T43 - 20x118° Orl]

within the Technology Database. @ Recyde Bin

— Operation parameters can be defined in the
Technology Database.

CAMWorks provides the ability to simulate the toolpath showing the tool movement and the

resulting shape of the part.
5.

Toolpath Simulation

Right click on Mill Part

Setupl and select Simulate |ﬁ D1’| §| | | "|| P |[End hé ﬂJ@ L
Toolpah v e|v|e|e@ olwxe

The Simulate Toolpath

toolbar displays.

The toolbar controls allow you to:

— Run the simulation in Tool or Turbo mode.

— Display the simulated part, the design part and a comparison of the two.

— In Tool mode, customize the display of the stock, tool and tool holder (wireframe,
translucent, shaded, or no display).

— Run the simulation for all or selected operations.

— When simulating an operation, the simulation can be for the current operation or for
all previous operations up to the selected operation.

— Pause the simulation in either Tool or Turbo mode and dynamically change the
orientation of the part using zoom, pan, rotate, etc.

— Control the simulation speed by dragging the Simulation Speed Control slider up or
down.

If you want to simulate only the toolpath for a given operation, you can right click that
operation, then select Simulate Toolpath.

Set the toolbar buttons as shown in the figure above.
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Step 8:

2 2| Click the Run button.
The simulation runs in Tool mode with the
tool displayed during simulation.

8. X Click the X button in the upper right
corner to cancel the simulation and return
to the SolidWorks display. PR
CAMWorks also provides the ability to step

through the toolpath using the Step Thru
Toolpath command.

9. Right click an operation in the tree and
select Step Thru Toolpath.

The Step Thru Toolpath toolbar displays. Multiple step increment

Step Thu Toolpath

JJJ_E{JJJ"” - N5

Single step Forward multiple steps Number of toolpath

segments to display
10. Click the Single Step button (single arrow) several times.
The active toolpath node is highlighted.

11. Set the Multiple step increment to 5 and click the Forward multiple steps button (double
arrow) several times.

12. Click the Goto End button. The toolpath is completed.

13. X Click the X button in the upper right corner to close the dialog box.

{4 Did You Know ...
CAMWorks provides an option to display the XYZ position of the tool in the
Message Window during Simulation and Step Thru Toolpath. To activate this
option, select the Options command on the CAMWorks menu or the NC Manager
shortcut menu. On the General tab, select the Message Window option. On the
Simulation tab, select the Cutter Coordinates in Message Window option.

Post Process Toolpaths

Post processing is the final step in generating the NC program file. This step translates
generalized toolpath and operation information into NC code for a specific machine tool
controller. CAMWorks creates NC code for each toolpath in the order the operation appears
in the CAMWorks Operation tree. When you post process a part, CAMWorks creates two
files: the NC program and the Setup Sheet. These are text files that you can read, edit and
print using a word processor or text editor.
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In this exercise, you post process all the operations and generate the NC program:

1.

Click the Post Process button on the IEY {@Ey W E L d A
CAMWorks toolbar. g

or

Right click NC Manager in the Operation tree and click Post Process on the shortcut

menu. Post Output File @@
The Post Output File dialog box Sevein [ 3 Fosts B % -

displays so you can name the NC
program file.

Typically, the NC program and
Setup Sheet files are stored in the
folder that contained the last part
that was opened. If you want
these files in another location,
you can change the folder.
If you are running CAMWorks in | 332 asWee: [FANTUTM [t <l el |
Demo mode, the Post Output File
dialog box does not display
because you cannot save NC code in Demo mode.

If the Post Process command is grayed out on the CAMWorks menu or on a shortcut
menu, make sure that you have selected a post processor and generated the toolpaths.

File name:

Click the down arrow to the right of the Save as type box.

CAMWorks provides a list of commonly used extensions that you can select. For this
exercise, use the #xt extension.

¥ Did You Know ...
If you want change the default extension from #xt to one of the ones in the list or if
you want a different file name extension for NC program files, you can edit or create
a .pinf file and specify the new extension. For more information on making these
changes, see the online Help.

If cwex1 is not in the File name text box, type ewexl, then click Save.

You do not have to type the extension if you are using the default .zx¢. Naming the post
output file the same as the part file is the most common way of saving parts and NC
programs. Both files can have the same name because they have different extensions.
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The Post Process Output dialog box Post Process Output 2K
displays. ‘ > | o .L _— ‘ Display
4. Click the Step button on the control bar [ Centerline
[COCCCE COCCr. oo
\ V] NE cod
at the tOp NC code gutput: Step ‘Run [FINC code
CAMWorks starts to generate the NC N356 279,015 -142.887 A
: N357 GO2 260,098 ¥-175.361 1.793.-21.285
program and the first line of NC code M358 GOT %-251.289
. . . N353 GO2-224 429 'Y-143 515 119,042 01119
displays in the NC code output view boX. | |zenc07v139 455
: : N361 GO2X-253 736 Y-123 929 1.7 817120 657
The post processing mode is sgt to post LT
process one line of code at a time (Step N3633%-267.707 128,405
N364 %-291.304 Y-145.103
mode). N3E5Y-154.116 o
5. Clle the Step button. The next line Of Contraller: | C;4\Program Files\CakWw orks 2007 Posts\FANTUTH.CTL
NC code displays. Bytes: (23494
6. Click the Run button. Post processing = T -
continues until it is completed. Machine Name | MILL TUTORIAL
. . . Controller Type FANUC TYPE
7. When the post processing is finished, - e F
view the code using the vertical scroll N o
bar. [ 0k, i [ Cancel ] [ Help
8. Click OK to close the Post Process
Output dialog box.

7% More About Setup Sheets

The Setup Sheet is a printable file that contains information the machine tool operator can
use to set up the part and the tools required to produce a part. The information includes
the machine, the controller, estimated machine time, the part material, and the tooling
used to machine the part.

CAMWorks provides two methods for creating Setup Sheets:

— During post processing, CAMWorks automatically creates a simple text file with a
.set extension.

— The Setup Sheet command on the NC Manager shortcut menu allows you to generate
a Setup Sheet that is based on an Access database report template and store the
information in the Report Database to view at any time. CAMWorks supplies several
report templates that can be used as is. You can also open the Report Database in
Access and create customized reports based on these templates or design your own
original reports.
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What You'll Learn

Extracting and Working With Machinable Features

2 Axis Mill 2

CAMWorks is a feature-based machining system. Feature-based machining provides
numerous benefits because the definition of the feature enables a higher level of automation
when creating machining operations and associated toolpaths. Adding to this benefit,
CAMWorks provides both an automatic method of extracting features called Automatic
Feature Recognition (AFR), and an interactive method using the Insert 2.5 Axis Feature

function. A CAMWorks file can contain both types of features.

This exercise demonstrates some of the features that are identified automatically by the
Extract Machinable Features command.

1. Open the part file MILL2AX 2.SLDPRT in the \Examples\Mill folder inside the

CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

2. Examine the part. You can recognize various sizes and shapes of holes, bosses, pockets

and slots.

It would appear that CAMWorks extracts features based on SolidWorks features used to

create the part. As you
will see, this is not
necessarily so. Notice that
the design tree contains
no design features. This
part was imported into
SolidWorks. In this
exercise, you will see how
CAMWorks determines
machinable features.

3. Click the CAMWorks
Feature Tree tab.

4. £ Double click
Example Mill-in in the
CAMWorks Feature tree.

TrEEE >

Wy MILL2Ax_ D
+ @ Annotations
¥ @. Design Binder
35 Material <not specified=
+ |£| Lights and Cameras
+-[@] Solid Bodies(1}
@ Flanel
2& Planez
K\} Plane3
I_, Origin
@ Importedi
¥ Cuk-Extrudel
¥ Cuk-Extrude?
@ Chamferl
+ Cub-Extrude3

) Filletz

The Machine dialog box displays the Machine tab. This dialog box allows you to select a
machine definition, tool crib and controller.

On the Machine tab, Example Mill—in is the Active machine. This machine definition has
been created for the CAMWorks exercises. When you use CAMWorks to machine your

own parts, select the machine tool you want to use to machine the part.

5. Click the Tool Crib tab.
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The Tool Crib page allows you to
choose a tool crib or set of tools that
are used with the machine you have
chosen. These are not all the tools that
are available, but a subset that you
can modify to represent the actual set
of tools that the machine has loaded.

If you select the Tool crib priority
option, tool selection rules are
modified to place a higher priority on
selecting tools from the tool crib. This
results in fewer tools being added to
the tool list from the tool library. The
online help explains the rules that are
observed when this option is used.

Click the Select button to make sure
Crib 1 is the Active tool crib.

From this page, you can add,
remove and edit tools in the
Tool Crib.

Select a tool from the Active tool crib
list and click Edit.

The Edit Tool Parameters dialog box
displays.

This dialog box allows you to change the
parameters for the selected tool. The
changes you make in this dialog box
affect only the tool crib for the current
part. To change the tool definition for all
future jobs, edit the tool crib definition
in the Technology Database.

Click OK or Cancel to close the Edit
Tool Parameters dialog box.
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Machine | Toel Crib | Controller | Posting || Setup || 4th fds || 5th fds

Awvailable toal cribs
Cument Information

Crib 1

Crib 2 (Fadal 4020) MName: |

Crb 3 I;Haas} Cio 1

Crib 4 {english) Mo. of stations: |50

J

Tool crib priority []

Save... Select

Active tool crb : Crib 1

Usage Stn No. Tool Type Rad. |Tip Angle| i
|____1[Fiat End Tapered 31250 [ [Hsd
2z Slngle Point Thread Mill | 0.25in Car
3| Flat End Tapered 0.375in | 0in HS:
4 | Flat End 0.125in | Oin HSE¢
5| Flat End 0.125in | Oin HSE
& | Flat End 0.1875in | Bin HS5E
7| Flat End 0.218in | Oin Car
& | Flat End 0.25in 0in HSE¢
5 % | Flat End 0.25in 0in HSE¢
10 | Flat End 0.2815in | Oin HSE
11| Flat End 0.3125in | Bin HSE w
£ 3
’ Add... ] [ Femove l ’ Edit... ] [ Save l
Edit Tool Parameters
Tapered Toal
v| Preview
Tool number :
Tool usage :
Tooltype : | B2t End v
End diameter (D1): |0.3125in s
End radius (R):
Shank dia (D2): |§.3125in ¥
Taper angle (A): 1deg s
Fiute length (L2): |2 750 £
Shoulder length (Ld) : |2 75 kS
Overall length (L1): | 3 x
No. of flutes : |3 Hand of cut
Tool material : H5S (*) Right O Left
TechDE ID : 61
Combination ID :
Comment : |5/16 TAPERED ENDMILL 1 DEG TAPER




9.

10.

11.

12.

13.

14.
15.

16.

2 Axis Mill 2

Click the Add button at the bottom of the

Tool crib tab in the Machine dialog box.
Taol type: v
The Tool Select Filter dialog box e by *
displays. This dialog box allows you to Co
. . . larmeter

set filters for displaying and selecting el
tOOlS. ol makena

[ Halder designation

[ Protrusion length

[ QK l l Cancel l [ Help ]

Click OK.

The Tools Database form — [RrtyEi el es {inch)

displays. This form allows : : : S
.. |ﬂ Tool ID | Min Bore D|a| Max Radius Cut Depth| Radius Adjust Ftangel Effec Cut L#
you to add an existing tool 3 BRS-0010.593 0.04 0.125 0.52
in the Technolo 2 |BRS-002|0.625 0.04 0.125 0.52
gy . 3 |BRS-003|06%6 0.07 0.125 0.59
Database to the TOOl Crlb 4 |BRS-004|05 0.04 0.045 0.43
for the current part. The & | BRS-005|0.531 0.04 0.046 0.54
) ] § |BRS-006|0.562 0.07 0.045 0.48
list contains all the tools 7 |BRS-007|0.625 0.08 0.156 0.56
8 |BRS-008|05 0.06 0.062 0.45
Fhat have been entered 9 |BRS-009|0.718 0.06 0.156 0.56
into the Technology 10 |BRS-010]0.593 0.08 0.062 0.45
11 |BRS-0M1|0.718 0.08 0.158 0.56
Database. Note that you 12 |BRS-012|0.593 0.05 0.156 0.45
cannot use the form to add 13 |BRS-013|0.853 0.065 0.218 0.71
14 |BRS-014|0.828 0.085 0.093 0.65
new tools to the 15 |BRS-015|0.953 0.08 0.218 0.78
Technology Database. 16 |BRS-0160.828 0.08 0.093 0.65 v
4] 4] Record 1 [w]m] < 3
Click Cancel to close the
. oK Cancel
Tools Database without Lo |
adding a tool to the active
tool set.

Click the Controller tab in the Machine dialog box and make sure FANTUTM (the
tutorial post processor) is selected.

FANTUTM is the controller used for the exercises in this manual. When you use
CAMWorks to machine your own parts, select your machine tool controller or post
processor.

Click the Parameters tab.

These parameters provide information required to generate the NC program. When you
use CAMWorks to machine your own parts, change these parameters as required.

Click OK.

O Right click the Stock Manager in the Feature tree and select Edit Definition on the
shortcut menu.

Change the Bounding box offsets to a uniform .1in for X, Y, and Z, then click OK.
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Extract machinable features: C

1.

|% C Extract Machinable Features

u .
E Click the Extract Machinable Features button on O stq_ AssodateFeatures

the CAMWorks toolbar or right click NC Manager in I@i E’: Define Machine....
the tree and select Extract Machinable Features on the Options...
shortcut menu. TechDB...

The CAMWorks Message Window displays. This {7} NC Manager
window reports the process status and shows the [y Configurations

a Stock Manager [1005]
progress of the process. T Example Milin

When AFR is finished, the CAMWorks Feature =<5 Mill Part Setup1

tree displays the machinable features. )
Irregular Boss1 [Coarse]
The CAMWorks Feature tree is designed to work Obround Boss1 [Coarse]
similar to the SolidWorks FeatureManager design Rectangular Boss1 [Coarse]
tree. From the tree, you can reorder features using e
=] Circular Boss1 [Coarse]
drag and dI'Op, change feature names and Suppress @ Rectangular Corner Slotl [Rough Finish]
features. ¥ Rectangular Slot1 [Rough Finish]
D) Hole1 [orill]
@ Irregular Corner Slotl [Rough Finish]
Click each machinable feature in the CAMWorks N Irregular Slot1 [Rough Finish]

@ Obround Pocket1 [Rough Finish]

Feature tree.
@ Countersunk Hole1 [Dirill]

As you pick each machinable feature, the geometry MS Hole 1 [MSH 1{inch)]
for that feature highlights on the part. Counterbore Hole 1 [Drill
Irregular Pocket1 [Rough Finish]
&ff Recyde Bin

Rectangular Slot

Rectangular Pocket

Obround Boss

Rectangular Boss
2.5 Axis Pocket

Irreqular Slot
Counterbore

Hole
Multi-stepped

Hole Countersunk

-\.-\.:-\-\.-\. i ': : HOIe
Rectangular ) 4 49 y % :
Corner Slot &

Hole

. Irregular Corner Slot
Circular Boss

Obround Pocket
Irregular Boss

Irregular Pocket
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Notice that an Open Pocket feature was
created.

When CAMWorks creates a Mill Part
Setup, an Open Pocket feature is created
automatically if AFR finds a boss feature
and the Setup is parallel to one of the sides
of the stock. The bottom of the Open
Pocket is the bottom of the Boss feature
and the boss becomes an island in the Open
Pocket.

CAMWorks allows you to control the types of 2.5 axis and multi surface features that are
created by AFR.

1.

w

E Click the Options button on the CAMWorks toolbar or select Options on the
CAMWorks menu.

Click the Mill Features tab in the Options dialog box.

Notice that the defaults are set for CAMWorks to create hole, non-hole and boss features.
In the Feature types section, check the Face option.

If the Face option is checked, when CAMWorks creates a Mill Part Setup, a Face Feature
is created automatically if the top most face is parallel to the Setup and the Setup is
parallel to one of the sides of the stock.

Check the Tapered & filleted option.

When CAMWorks extracted features, the 2.5 Axis pocket was not found. If you check

this option, CAMWorks can automatically create features that meet the definition of

filleted and tapered features as created interactively using the Insert 2.5 Axis Feature

command:

— The top and bottom of the feature are flat and parallel to the Mill Part Setup direction.

— The side wall can be vertical or a constant taper with a top or bottom fillet and/or a
top of bottom chamfer.

— Corner fillets must be conical as defined by the taper angle of the feature.

Remove the check mark from the Boss option and check the Remove on Rebuild option,

then click OK.

If you were machining this part, you would not want to generate operations for the Boss
features that were found by AFR. You can delete the features or you can Rebuild the
features without the bosses as shown in this exercise.
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Rebuild the features:

7. E Click the Extract Machinable Features button on the CAMWorks toolbar.

CAMWorks rebuilds the feature list and removes the boss features. Notice that AFR
created a Face feature and a Rectangular Pocket feature for the tapered pocket.

Machinable features are recognized based on the part's geometry (the shape of a feature) and

to one another). However, not all

attributes of a feature can be eeplal) Vet e
determined from the geometry and BPEER(R W
topology.
For example, AFR cannot determine Tip angle [&): 180deg v
that a hole has been threaded, reamed I
or bored. CAMWorks allows you to f«% t
specify additional attributes to a Sl st 5] / 77 l
feature so that more appropriate #: 3.08in .
operations can be can be created. Y- 034350
1. Right click Holel in the tree and Z: 1.5748in

select Parameters.

Attribute ;| Dl b

The Parameters dialog box

Thread parameters

provides a geometric and Bore 4
. : R
dimensional report on the feature Thiaad
: Mo CDil
and‘a'llows‘you to assign E etk
additional information to the

feature. In the case of holes, you
can identify that the hole is to be
drilled, bored, reamed or threaded,

etc. (] ] [ Cancel ] [ Help
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Depending on the attribute, a different machining process can be assigned. You can
change how each feature is processed by defining the sequence in the Technology
Database.

2. Click OK or Cancel to close the dialog box.

3. Review the parameters of other machinable features to understand more about the
features.

Notice that AFR also created Mill Part Setupl. The Mill Part Setup defines the tool direction
necessary to machine these features.

1. Click Mill Part Setup1 in the tree.

A marker displays on the part. The arrow indicates the |
machining direction. The cross in the center of the circle '

represents the machining X and Y axes. The X machining
direction can be changed if necessary. For more information,
see the CAMWorks online Help.

The origin of the Mill Part Setup is program zero for the Mill ] =

Part Setup. By default, the origin is set to a vertex or middle

of the top most feature. In most situations, you will want to change this. You learn how to
change the Mill Part Setup origin in Chapter 3.

If the triad does not display, click Redraw and select the Mill Part Setup again.

When you select Generate Operation Plan, operations are created for every selected feature
based on the rules defined in the Technology database (TechDB). Operations are not
generated for suppressed features and features in the Recycle Bin.

In this exercise, you create an operation plan for an individual machinable feature and then
for all machinable features in the Mill Part Setup.

1. Right click Rectangular Pocket] and select Parameters on the shortcut menu.

2. Click the down arrow to display the Attributes list and select Coarse.

This is a system attribute that has been defined in the TechDB to generate a Rough Mill
operation for a Rectangular Pocket feature. After you have learned how to use
CAMWorks, you can modify system attributes to correspond to your requirements.

3. Click OK to close the dialog box. N NC Manager
. . . |& Configurations
4. Right click Rectangular Pocketl in the tree, select ) Stock Manager[1005]
Generate Operation Plan. ¥ Example Millin

. ) . . =<5 Mill Part Setup1 [Group1]
The Operation tree lists a Rough Mill operation for the RN - och Ml 1[T12 - 0. 3125 Flat End]

rectangular pocket. &f Recyde Bin

5. Click the CAMWorks Feature Tree tab to return to the
Feature tree.

6. Right click Rectangular Pocketl and select Parameters on the shortcut menu.
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7.

10.
11.

12.

13.

Change the Attribute to Rough Finish in the Rectangular Pocket Parameters dialog box,
then click OK.

This attribute is a user-defined attribute that has been set up in the TechDB to generate
Rough Mill and Contour Mill operations for a Rectangular Pocket feature. You can
modify or delete the user-defined attributes and you can define additional attributes to
customize the TechDB.

Right click Rectangular Pocket] in the tree, select Generate Operation Plan.

once and you select the command again,

CAMWOrkS displays a dlalog bOX W]th For the zelected feature(z], do you want to Lpdate the operation list for
. . features without any operations or delete and reqenerate all operations?
the following choices:

Update: Select this option to generate
operations for new features or for [ Update | [FRegeneste | [ Cancel | [ Heb
features that you deleted all previously

generated operations. The operation list
will not be updated for features that have previously generated operations.

Regenerate: If you select this option, all previously generated operations are deleted and
new a new operation list is created. If you have modified any operations, these
modifications will be lost.

Click Regenerate to delete the previous Rough Mill operation and generate a new
operation list.

The Operation tree lists Rough Mill and Contour Mill operations for the rectangular
pocket.

Click the CAMWorks Feature Tree tab to return to the Feature tree.

Right click Mill Part Setup1 in the Feature tree and select Generate Operation Plan on the
shortcut menu.

Click either Update or Regenerate in the Generate Operation Plan dialog box.

Since you have not changed any operation parameters for the Rough Mill and Contour
Muill operations that have already been generated, you could select either Regenerate or
Update. If you had modified these operations, you would want to select Update to
generate an operation list only for the features that do not have operations.

The CAMWorks Operation tree now contains operations for all machinable features in
the selected Mill Part Setup.

Click the CAMWorks Feature Tree tab.
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14. Right click on MS Holel [MSH1(inch)] in the tree and select Go To, then select
Operations For on the shortcut menus.

This command allows you to quickly locate operations that were generated for a selected
feature.

The Drill3 operation is highlighted in the Operation tree. In the TechDB, the attribute
[MSH1(inch)] has been defined to generate a single drill cycle for multi-stepped hole
features. Since multi-stepped holes can be any shape, you can define machining
sequences in the TechDB that are common for machining multi-stepped holes in your
facility.

To generate the NC code for this part, you would adjust the operation parameters as required

for the operations, insert a series of operations for the multi-stepped hole, generate toolpaths,
and post process the part.
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2 Axis Mill 3
What You'll Learn

« Defining the Stock from a Bounding Box
. Inserting Additional Mill Part Setups

+ Creating a Face Feature

. Reorganizing Machinable Features

« Suppressing Machinable Features

+ Inserting 2.5 Axis Features

« Combining Machinable Features

In this exercise, assume that the part starts out as a casting and machining is required only for
the holes and certain faces.

In the first clamping position or Mill Part Setup,
you will face the bottom of the part and drill the
large center hole and the three outside holes. In
the second clamping position or Mill Part Setup,
you will machine off the top center face, and the
three yellow ears.

1. Open part file MILL2AX 3.SLDPRT in the
\Examples\Mill folder inside the CAMWorks
folder (e.g., \Program
Files\CAMWorksxxxx\Examples\Mill).

2. Click the CAMWorks Feature Tree tab.

3. 2 Right click Example Mill-in in the
Feature tree and select the Edit Definition
command on the shortcut menu.

— On the Machine tab, Example Mill-in is the Active machine.
— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.

— Click the Controller tab and make sure FANTUTM is selected, then click OK to close
the Machine dialog box.

Defining the Stock From a Bounding Box
The stock size, shape and material type is defined next.
The stock definition serves several purposes:
« Defines the stock size and shape for simulation.
« Specifies the material type, which is used by the TechDB for feed/speed calculations.
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By default, the stock shape is a cube whose dimensions enclose the part. For this example,
the part is machined from a casting that has .1in material to be removed from the top and
bottom surfaces. You will use the default rectangle shape and offset the minimum stock size
by .10in.

1. O Right click the Stock Manager in the CAMWorks Feature tree and select Edit
Definition on the shortcut menu.

2. Change the Bounding box offsets for X, Y, and Z to a uniform .1in.

3. Click OK.

Extracting Machinable Features

Before CAMWorks extracts machinable features, you can customize AFR to eliminate Boss
features:

1. % Click the Options button on the CAMWorks toolbar or select Options on the
CAMWorks menu.

2. Click the Mill Features tab in the Options dialog box.
3. In the Feature types section, remove the check mark from Boss.
4. Make sure the Face option is not checked.

CAMWorks can recognize some Face features automatically when you select the Face
option. However, for some parts you may need to define a Face Feature interactively as
explained in this exercise.

5. Click OK.

6. @ Click the Extract Machinable Features button on the CAMWorks toolbar or right
click NC Manager in the tree and select Extract Machinable Features on the shortcut

menu. n MC Manager
|& Configurations

CAMWorks creates the Mlll Part Setups necessary to K Stock Manager[1005]
machine all of the machinable features that are T Evample Mllin
recognized. -2 Mill Part Setup1
iy .. . O Cpen Pocket1 [Coarse]

Other than drilling, the only additional operations 5] Hole 1 il
needed to machine this part are faCing CyCICS- @ Irregular Corner Slotl [Rough Finish]
CAMWorks may not be able to find all features on a ) Irreqular Corner Slot2 [Rough Finish]
part. On complex parts, AFR may not recognize all Irregular Corner Slot3 [Rough Finish]

. . Irregular Pocket1 [Rough Finish]
possible features that you want to machine or AFR Irreguiar Pocket2 Rough Firish]
may recognize a feature that might not be suitable for Irregular Pocket3 [Rough Finish]
the intended machining process. When this occurs, 1-§@) Hole Group1 [Drill
you can define these features interactively. @ Recyde Bin

For learning purposes, in this exercise you delete the [rregular Corner Slot features and
insert them interactively.

7. Hold down the Shift key on the keyboard and click each Irregular Corner Slot in the tree
to highlight the items, then select Delete on the shortcut menu.
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8. Click Yes to confirm the deletion.

The features are moved to the Recycle Bin. When a feature is deleted, it is automatically
placed in the Recycle Bin, which is used to store machinable features that you do not
intend to machine.

9. Click the minus sign to the left of the Recycle Bin to collapse it.
10. Click Mill Part Setup1 in the tree and notice the machining direction indicated by the
triad that displays in the graphics area.

Inserting Additional Mill Part Setups

Mill Part Setup1 defines a tool direction pointing down from the top of the part. For this
exercise, you want to face the underside of the part first. Before you can machine the
underside, you must define a Mill Part Setup for that tool direction. New Mill Part Setups are
inserted into the CAMWorks Feature tree by selecting a part face that is normal to the tool
axis of the Mill Part Setup.

1. Rotate the part so that the underside surface is visible.

2. Right click Mill Part Setupl in the CAMWorks Feature tree and select Insert Mill Part
Setup. The Mill Part Setup dialog box displays.

underside face.

Pz |
Huds definition
Reference planes - Selected entity
|CW Profile Face-5 |
Flane2
Flane3 [] Reverse direction
Flane5 Puis
X0
Y: D
Z:1
Create featurs
Face
] Perimeter
o Il o=

4. Make sure the Face option is checked.

If this option is checked, when CAMWorks creates a Mill Part Setup, a face feature is
created automatically if the top most face is parallel to the Setup and the Setup is parallel
to one of the sides of the stock.

5. Click OK.

Mill Part Setup?2 is created with the tool direction as shown in the figure above. The Face
Feature is created automatically and listed under the Mill Part Setup.
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The names for Mill Part Setupl and Mill Part Setup2 can be changed to Top and Bottom
or some other recognized convention.

Right click Mill Part Setupl and select Rename on the - € Top Part Sctup
O ©pen Pocketl [Coarse]

shortcut menu. \G] Holet. [Cril]
Change the name to Top Part Setup, then press Enter. U e S ool )

. ) . . Irreqular Pocket2 [Rough Finish]
Notice that when you click a Mill Part Setup in the tree, Irreqular Packet3 [Rough Finish]
an axis displays on the part to indicate the tool direction. +1-{@) Hole Group? [Cril]

. . . - Eottom Part Setup

Right click Mill Part Setup2 and select Rename. Face Featurel [Coarse]
Change the name to Bottom Part Setup, then press

Enter.

Reorganizing Machinable Features

You also want to drill the holes in the Bottom Part Setup. However, the hole features were
recognized in the Top Part Setup. With the mouse, you can drag the features in the
CAMWorks Feature tree from the Top Part Setup to the Bottom Part Setup.

1.

Hold down the left mouse button and drag Holel over Bottom Part Setup, then release the

button. |- %% Top Part Setup

— Notice that as you drag the item, an arrow displays to O Open Pocket! [Coarse]

T . . ‘e Irreqgular Pocket1 [Fiough Finish]
indicate where the item will be positioned. Irreqular Pocket2 [Rough Finish]

— Holel is listed after Bottom Part Setup. Irreqgular Pocket3 [Fough Finish]
Hold down the left mouse button and drag Hole Groupl = & %ﬁ;:ﬂgiﬁ;”p

over Holel, then release the button. +1 {8 Hole Group1 [Dril]

Hole Groupl is listed after Holel. Raselisshe i Cosizel

Suppressing Machinable Features

You will now define features to machine the top of the part. The only machinable features
left in the Top Part Setup are the Open Pocket and the three irregular pockets. Since these
features will not be machined in this exercise, you can either delete or suppress them. The
steps below show you how to suppress these features.

1.

Hold down the CTRL key and select Open Pocketl, =< Top Part Setup

Irregular Pocket1, Irregular Pocket2, and Irregular Open Pocket1 [Coarse]
. Irrn-n:luI:nr Poick: |-'|'1 [FHIJl:Ih Flrll h

Pocket3. e <
Make sure you select all 4 features. < By Generate Operaton ler

- Baoktarn P
Right click and select Suppress from the shortcut 1G] Holey _ CPY Featires...
menu. @ Hole | Lock
The icons for the features display in gray instead of & CEEEE
yellow to indicate these features are suppressed. E“

3. Click Save As on the File menu.

4. Type cwex3 and click the Save button.
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Inserting 2.5 Axis Features

The top of the circular boss and the three ears need to be machined. You use the Insert 2.5
Axis Feature command to define them.

1. Rotate the part so the top face is visible.

2. Right click Top Part Setup in the CAMWorks Feature tree and select Insert 2.5 Axis
Feature.

First, you will define a Face Feature for the top of the boss.

3. Click the down arrow to display the Feature
Type list and select Face Feature. '

4. Pick the top center face (magenta) for the top
of the boss as shown in the figure.

Face <1> displays in the Entities selected list.
5. Click the Next button.
6. Inthe 2.5 Axis Feature Wizard: End
Conditions dialog box, make sure the Edit

feature profiles option is not selected, then
click Finish.

The 2.5 Axis Feature Wizard: Feature & Cross
Section Definition dialog box displays again
and you can continue to define 2.5 Axis features for the three ears.

7. Click the down arrow to display the
Feature Type list and select Corner

2.5 Axis Feature Wizard : Feature & Cross Section Definition

Feature
Slot. 3
Type : | Camner Shat =|  Single & Multiple
The ears are defined as Corner Slots I )
because more than one edge is open. . - -
ace zelection : Edge zelection :

By defining it as a corner slot, the [Duter oo =] [Convetto ko =]
tool will machine outside the ear on

. ™ Check for taper & filletz
the open air edges.

. . . Avyailable sketches : Entities zelacted :
8. Make sure the Multiple option is P Fams <1
1 1 Sketchi Face <2»
selected. Thls op!‘.lop allows you to e pace e
define multiple similar features by Sketchd
. . el
selecting multiple faces, sketches Sketch?
Sketchl
and edges.
A sketch with geometry representing Hep | Ciose | ccBack | Newss | Finies

multiple features can also be
selected. This option can be selected
for Pocket, Slot, Corner Slot, Boss, Hole, and Open Profile feature types.
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15.
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..
r\
\/;e_/— <

2.5 Axis Feature Wizard : End Conditions

Pick each of the three ears on the part.

The Entities selected list shows Face <1>,
Face <2> and Face <3>.

Click Next.

The 2.5 Axis Feature Wizard: End Conditions
dialog box displays.

The depth of material to leave

for this feature will be from the
face of the ear to the cyan face
immediately above the ear.
Like SolidWorks, the depth can
be specified based on faces or
vertex points on the part. You
can either pick an end condition

— End condition

=l
Depth: [0 74 =

Tupe: IUptn Face

— Attibutes

Attribute IFh:ugh Finish 'I

¥ Use stock extents

from the End Condition I~ Profile is offset
pulldown or select a face or I™ Though
vertex and have CAMWorks — 2.5 s side wal
set the depth automatically. ™| Tzpered .

.. Autordetent _ : T Taneri
Leave the End condition set to — Teper angk: | = " T:E: :ut

Blind and pick the cyan colored
face above the ear.

[v  Edit feature profiles

Cancel £ Backl MHewut > | Firizt |

The End condition is
automatically set to Upto Face ey ~

and the Depth parameter displays the distance as O.Im - /

Make sure the Edit feature profiles option is checked.

Click Next.

The Edit Feature Profiles dialog box displays. When a
Corner Slot is defined from a part face, CAMWorks
determines the open air edges automatically. If
necessary, you can change the open air edges.

Select a segment in the Profile Segments list.

The corresponding edge is highlighted on Irregular Corner Slot(1). If CAMWorks
determined that the edge is an open air edge, the Open air edge option is checked.

Select several segments in the Profile segments list. You do not need to change any
segments.
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16. Click Next.

The 2.5 Axis Wizard: Island End Conditions dialog box displays. This dialog box
displays when you define a Pocket, Slot, Corner Slot, or Face Feature.

17. Make sure the Detect for all option is checked.

When you define multiple features and select this option, CAMWorks attempts to find
islands for all features. If this option is not checked, CAMWorks attempts to find islands

only for the current feature.

18. Click Autodetect.

CAMWorks does not find any islands for the corner
slots. If necessary, you could click the Add button and

interactively insert islands.
19. Click Finish.

The Irregular Corner Slot features are listed in the
tree. All machinable features are now defined.

20. Click Close to exit the wizard.

Combining Machinable Features

= \@2 Top Park 3etup

1 Irreqular Corner Slokd [Rough Finish]
1 Irreqular Corner SlokS [Rough Finish]
1 Irreqular Corner Sloké [Rough Finish]
Face Feature? [Coarse]

O ©pen Packetl [Coarse]

Itreqular Pocketl [Rough Finish)
Itreqular Pocket? [Rough Finish)

ﬁl Itreqular Pocketd [Rough Finish)

Three Irregular Corner Slots were defined for the ears. If you were to generate an operation
plan now, separate operations would be created for each feature. For example, if the

Technology Database defines that an Irregular Corner Slot feature will be machined with a
rough and finish cycle, Generate Operation Plan would create three Rough Mill operations

and three Contour Mill operations for these features.

To make it easier to manage the operation parameters for these features, you can make a
single Group feature that contains all three features. As a Group feature, the three Irregular
Corner Slot features will be machined with one set of operations.

1. Right click the first Irregular Corner Slot in the
CAMWorks Feature tree and select Insert Group.

The Edit Feature Group dialog box displays.
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The Feature List on the right

displays the selected feature. The
Available Features list on the left
shows other features of the same
type and depth that can be added to
make the Group feature.

Available features : Feature lizt ;

Irreqular Corner Slot4 [Rough F

Pick Irregular Corner Slot5, then
hold down the CTRL key and pick
Irregular Corner Slot6.

Cth Add ak | Cancel ‘ Help

The two features are added to the

Feature List on the right. 5. Top Part Setup

Click OK. + @ Irreqular Corner Slak Group2 [Fough Finish]
. . . Fare Feature? [Coarse]

The three pockets are combined into a single @ Open Pocket1 [Coarse]

feature labeled Irregular Corner Slot Group2 in Irregular Pocket1 [Rough Finish]

the CAMWorks Feature tree. Irreqular Pocket2 [Rough Finish)

Irreqular Pocket3 [Rough Finish)

Generate an operation plan for each Mill Part Setup:

1.

4.

Click the Generate Operation Plan button on the CAMWorks toolbar or right click
NC Manager in the CAMWorks Feature tree, select Generate Operation Plan.

Operations are created for the machinable features in the Bottom and Top Part Setup.

The operations are in listed in the Operation tree in the same order as their associated
machinable features. You can easily change the order.

Press and hold down the left mouse button with the pointer over Face Milll.
Drag the operation over the top of Top Part Setup and release the button.
The Operation tree redisplays with the operation moved to the new location.
Repeat steps 2 and 3 for Face Mill2.

Generate toolpaths and post process the part:

1.
2.

Right click each operation, select Edit Definition, and review the cutting parameters.

After you have verified that the parameters for each operation are set the way you want
them, right click Bottom Part Setup in the CAMWorks Operation tree and select Generate
Toolpath.

Repeat step 2 for the operations in Top Part Setup.
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4.

5.

Check the CAMWorks Message Window.

— The Message Window provides information you may find helpful. For example,
based on the information in this window, you may want to change a tool or insert a
finish operation in order to cut a machinable feature completely.

— If the Message Window is not displayed, select Options on the CAMWorks menu and
check the Message Window check box on the General tab.

— You can move the window and adjust the size. To change the size, point to a border or
corner of the window (the pointer changes to a two-headed arrow). Drag the corner or
border until the window is the size you want, then release the mouse button.

Experiment by changing parameters for the operations and regenerating the toolpaths.

CAMWorks provides the ability to simulate toolpaths showing the tool movement and the
resulting shape of the part.

6.

7.

8.

10.

11.

12.

13.
14.
15.
16.

g Click the Simulate Toolpath button on the CAMWorks toolbar.

21 Click the Run button.

X Click the X button in the upper right corner of the Simulation toolbar to exit
Simulation mode.

Right click Bottom Part Setup in the CAMWorks Operation tree and select Post Process.
In the Save Post File dialog box, click Save to accept the default file name (cwex3.txt).
Note that if you are running CAMWorks in Demo mode, this dialog box does not display.

In the Post Process Output dialog box, check the Display Centerline option so that the
toolpath will be highlighted as each line of code is produced.

Click the Run button (the double arrow).

NC code is created for the Bottom Part Setup.

After viewing the code, click Cancel.

Right click Top Part Setup in the CAMWorks Operation tree and select Post Process.
In the Save Post File dialog box, type cwex3top.

In the Post Process Output dialog box, click the Run button (the double arrow).
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What You'll Learn

« Defining the Stock from a Sketch

« Defining Additional Machinable Features

« Adjusting Operation Parameters

« Deleting an Operation

« Inserting an Operation

+ Defining Program Zero

« Sorting Operations

This lesson guides you through the steps to machine the part shown below. The bottom
depressions of the part will not be machined in this exercise.

Sequence of machining:
Drill two holes on each end of part.
Face top of part.
Face depression on left side of part.
Finish profile the hole on the left.
Rough and finish rectangular pocket.
Finish machine three obround holes.

Rough and finish outside part shape
from stock.

Top Face

Left Depression

1. Open the part file MILL2AX 4.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

2. Click the CAMWorks Feature Tree tab.
3. L Right click Example Mill-in in the Feature tree and select Edit Definition.
— On the Machine tab, Example Mill—in is the Active machine.

— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.

— Click the Controller tab and make sure FANTUTM is selected, then click OK to close
the Machine dialog box.

Defining the Stock from a Sketch

In this example, the stock is a block of material that does not have the same amount of
material on all sides. Therefore, you will define it using a rectangular sketch and a depth. A
sketch named 'Stock Profile' has already been created in this part. The sketch plane is
positioned .05in above the top of the part.
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—_—

O Right click Stock Manager in the CAMWorks Feature tree and select Edit Definition.

CAMWorks automatically calculates the stock size and shape based on the smallest block
possible. You can change this definition by specifying a sketch and depth.

Click the Extruded Sketch button.
Pick the rectangular sketch in the graphics area.

—_
The sketch is highlighted. _
0 Set the Depth to

Manage Stock

lin.
Parts - Stock type :
2] 1t necessary, click T
the Reverse Direction @ | | % % |
button to extrude the
stock in the correct Selected entity [ R
direction. Extrude properties
Click OK. [A]eind =
Left click Stock o [1n j
Manager in the tree to Sock -
Sec an outline Of the Stock [Extruded Sketch
stock.

Extracting Machinable Features
Define machinable features automatically:

1.
2.
3.

E Click the Options button on the CAMWorks toolbar.
Click the Mill Features tab in the Options dialog box.

Check the Face option in the Feature types section

3 a MC Manager
and click OK. |G Configurations

. . ck
E Click the Extract Machinable Features button. E Eim;::;:i:[mﬂ

The recognized features include the face feature, two =< Mil Part Setup1

holes, the rectangular pocket and the three obround Face Featurel [Coarse]
Rectangular Pocketl [Rough Finish]

pockets, which are included in Obround Pocket 3| Hole1 [Drill
Groupl . @ Obround Pocket Group1 [Rouagh Finish]
Click Mill Part Setupl in the Feature tree and check & EE:;LE;FED”"]

the machining direction that displays on the part.

Because all the features go through the part, AFR may determine the
machining direction is from the bottom. If the direction is from the
bottom instead of from the top as shown on the right, right click Mill
Part Setup1 and select Edit Definition. Click the Reverse Direction
button, then click OK. Correct direction
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Defining Additional Features
For this example, you interactively define two machinable features.

— Irregular Corner Slot (to machine the depression on the left side of the part)
— Open Pocket (defines the outside profile of the part so it can be machined from the
stock)

One of the features is created from part faces and the second from sketches.
First, you create a 2.5 Axis feature for the depression on the left side of the part. To

completely remove the material along the open edges, you need to define the feature as an
Irregular Corner Slot. By definition, an Irregular Corner Slot has two or more adjacent edges

that have open air edges. / \

1. Right click Mill Part Setupl and select Insert 2.5
Axis Feature on the shortcut menu.

The 2.5 Axis Feature Wizard: Feature & Cross
Section Definition dialog box displays.

2. Select Corner Slot for the Feature Type and pick the
top face of the depression on the left of the part.

3. Click Next. The 2.5 Axis Feature 2.5 Axis Feature Wizard : End Conditions
Wizard: End Conditions dialog box — End condition
dlsplays. IRV | |t Face:
4. Pick the topmost face on the right. Depth: [ioEm =
— Aftributes
Atk - W ¥ ze stock extents
[ Profile iz offset
[~ Through
— &5 Az zide wall
[~ Tapered
Sutodetect | . . % Taperin
Taper angle : I =
.. j " Taper out
CAMWorks sets the End condition to
Upto Face and the Depth to 0.06in. [ e plles
5. Make sure the Edit feature profiles Hop | _Cancel | ccBack | News» | Fiien |

option is checked, then click Next.

The 2.5 Axis Feature Wizard: Edit Feature Profiles dialog box displays. When a Corner
Slot or Slot feature is defined from a part face, CAMWorks automatically determines the
open air edges. If necessary, you can change the open air edges.

6. Click the segments in the Profile Segments list to view the open air edges selected by
CAMWorks. You do not need to change any segments.

7. Click Finish. Irregular Corner Slotl is created and added to the CAMWorks Feature tree.
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The second 2.5 Axis feature will be used to machine the perimeter of the part. For this
example, you will rough the part from the stock, then finish machine the perimeter of the
part. In order to do this, you define the stock perimeter as an Open Pocket and the part as an
island in this pocket.

By defining this 2.5 Axis feature as an Open Pocket, the toolpath will extend beyond the
stock perimeter so that all of the material will be removed. In comparison, if the stock
perimeter were defined as a simple Pocket, the roughing toolpath would be constrained
within the perimeter of the stock leaving unmachined areas in the corners.

1. In the 2.5 Axis Feature Wizard: 2.5 Axis Feature Wizard : Feature & Cross Section Definition [EHE3
Feature & Cross Section Definition Festure
dialog box, select Open Pocket for { Tope: [OpenPockar =] Singl e e 5
the Type.
2. In the Available sketches liSt, select Faze selection : Edae selection :
the sketch labeled Stock Profile and  |Outer laap x| Jconwettoloop =]
Cth Next. I~ Check for taper & fillets
Available sketches : Entitiez selected
Setup Origin - Stock Prafile
| Jutzide Part Profile
‘Stock Profile
Sketch?

Sketchb
Sketchs

Shelcho =

Help | Cloze | <<Eack| He:-:t>>| Eirireky |

3. Inthe 2.5 Axis Feature Wizard: End

Conditions dialog box, set the End _ End sonditian

condition Type to Upto. Stock. Type: [Upto ook =
4. Se.leCt tl:le Through Opthn. Depth : Im—ﬁ [ Reverse direction
With this option checked, the feature
will be machined slightly deeper than
the stock to remove all material. ~ hittributes
5 Click Next Attribute - Im ¥ Use stock extents
) ' [ Profile iz offzet
The 2.5 Axis Feature Wizard: Island W Thiough
End Conditions dialog box displays. 3 e side vl
[~ Tiapered
Sutodetect | : . = Taperin
T aper angle : I j C Toper ot
[~ Edit feature profiles
Help | Cancel | << Back | Mest = | Finigh
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6. Click the Autodetect button. 2.5 Axis Feature Wizard : Island End Conditions [ 7] |
CAMWorks considers a flat face Feature :
that 1s normal to the Mill Part Open Pocket [1]
Setup as an island. In this part, the = [ slands
top face of the part and the left
depression face are both flat and I Detest for al
normal to the current Mill Part |zland entities : End condition :
Setup and will be identified as Add Jto -
islands automatically. | — Height: [T55, =]
If necessary, you can define islands e |
interactively by clicking the Add
button and selecting faces, edges,
Help | Cancel | <¢ Back | I [ aes Finizh

loops and sketches.
7. Click Finish.

The last 2.5 Axis feature is now complete and all =<5 Mil Part Setup1

machinable features are listed in the CAMWorks @ i~ E :Jpean'DEkeH [EFT;S[EF]‘ A Finih]
""" regqular Lorfer alo oug I

Feature tree. Face Featurel [Coarse]

8. Click Close to exit the Wizard. ~§@ Rectangular Pocket! [Rough Firish]

N3] Hole [Dill]

EEI--@ Obround Pocket Groupl [Fough Finigh)

N3] Hole2 [Dill]

----- & Pecycle Bin

Generating Operations

Before the operation plan is generated, attributes can be assigned to features to affect the
operations that are created for each feature.

1. Right click Rectangular Pocketl and select Parameters.

2. In the Rectangular Pocket Parameters dialog box, set = < Mill Part Setup1 [Group1]
the Attribute to Coarse, then click OK. -y Rough Mil1[T23 - 1 Flat End]
. . . 5% Contour Mil1[T13 - 0. 375 Flat End]
This system attribute has been set up in the TechDB 5% Rough Mil2[TS - 0.25 Flat End]
to generate a Rough Mill operation for a Rectangular -y Contour Mil2[T17 - 0.5 Flat End]
Pocket feature. - % Face Mill1[T43 - 4 Face Mill
+ % Rough Mill3[T14 - 0,375 Flat End]
3. Click the Generate Operation Plan button on the 4 % E”"i”{: 1-'II1)|?T121§: E_:'"iﬂ]S B
. . . . + ontour Mill3 U s dt En
CAMWorks toolbar or right click Mill Part Setupl in 2%y Rough Mil4[T9 - 0.25 Flat End]

the tree and select Generate Operation Plan. #- % Contour Mil4[T3 - 0,25 Flat End]
H-- " Center Drill 1[T28 - #3 Center Drill]

The operations are listed in the Operation tree. 5, Dril2[T49 - 0.6875¢118° Dril
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Adjusting Operation Parameters

The operations that are generated by CAMWorks are based on information stored in the
Technology Database. Each operation contains parameters that affect how the toolpath is
created and specific parameters that will be output to the NC program. These parameters can
be edited before generating the toolpaths and post processing the part.

1.

9.

Click the + next to Contour Mill4 in the CAMWorks Operation tree.

The tree expands to identify the Obround Pocket Group feature the operation was
generated for.

Right click Contour Mill4 and select Collapse Items on the shortcut menu.

You can use either the + and — symbols or the Expand and Collapse Items commands on
the shortcut menus to view items in the trees.

Right click Contour Mill4 again and select Edit Definition.

box, click the Tool Crib tab.
Select a .1875in diameter

Tool F/S Contour | NC Feature Options | Leadin | Advanced | Posting | O

flat end mill Mill Toal | Mill Holder | Tool Crib
If Flat End tools are not listed, Turet :
Tool
clear the check mark ETS —rL e T
to the left of the Filter button. T FlatEnd Tapered | 0.3125m | On
. <~ Select 2| Single Point Thread Mill| 0.25i
Click the <- Select button, then - s Fateod Tapored |0.3750 |0
click Yes to replace the 4| Flat End 0.125in | Oin
. 5| Flat End 0.125n | 0in
corresponding holder. S |Fatend  |0875n|on |
Click the Contour tab. T Tt o
. . Replace... — .
In the Side parameters section, e 13 E:EIEHE 328'1” g'“
. at En .2815in | 0in
make sure the Allowance is set to . = e o

Oin.
This will cut the pockets to size.
Click OK to close the Operation Parameters dialog box.

Deleting an Operation

In some cases, it may be desirable to delete operations that are created automatically. In this
example, Rough Mill and Contour Mill operations were created for the Obround Pocket
Groupl machinable feature. Based on the tool that is going to be used for the obround hole, a
Contour Mill operation is all that is needed. You can delete the Rough Mill operation.

1.

2.

In the CAMWorks Operation tree, right click Rough Mill4 (the roughing operation for
the obround slots) and select Delete on the shortcut menu.

Click Yes to confirm you want to delete the operation. The operation is removed from the
tree.
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The larger hole on the right has been drilled. In this example, you also want to contour mill
around the inside of the hole. To do this, you need to add a Contour Mill operation.

1. Right click Drilll in the CAMWorks
Operation tree and select Insert Hole

Operation.

The Insert hole operation dialog box displays.

2. Set the Type of operation to
Contour Mill.

3. Select Holel in the Features list
on the left and click Define.

Insert hole operation

Select part from :

Type of operatian :

&f Recyde Bin

% Contour Mill2[T17 - 0.5 Flat End]
% Face Mill1[T43 - 4 Face Mil]

[+ % Rough Mill3[T14 - 0.375 Flat End]
-y

[+ % Contour Mill3[]
¥ Contour Mill4[]
. Center Drill 1T]
S, Dril2[T43 - 0.6

Edit Definition. .
Generate Toolpath

Simulation Colar. ..
Properties...

i g
% b los Insert Avoid Area...

Insert 2.5 Axis Mill Operation...
Insert 3 Axis Mill Operation. ..
Insert Multi Axis Mill Operation. ..

RIX

Copy parameters from :

| Contour Mill[T13 - 0.375 Flat End] v|

[]Usge default parameters

| Contour kil

he | Features defined :

Select a feature from tree; v

(oeee ]

= <5 Mill Part Setupl

G (EEIE
o) Hole2 [Drill]

[w] E dit defirition
| @] 8| =] ¢
[ Cloze ] [ Help ]
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The Hole Feature
Definition dialog box
displays. This dialog box
allows you to define the
top and bottom of the hole
and the hole diameter.
Since this hole contains
only a single diameter, the
start and end location of
the hole diameter are set
automatically to the
correct values.

4. Click OK.
The Insert Hole Operation
dialog box displays again.

5. Make sure the Edit
definition option is
checked, then click Insert.

The Operation Parameters
dialog box displays.
6. Ifa.Sin flat end mill is

Hole Feature Definition

X

Start/End points
Cuntrnl| Step | From |0f'fset|

Start Cylinclerq Top din

Position |

5.315, 0, 0.905in

End Cylinder1 Bottom din 5,315, 0, 0.467in
< >
M achimng diameter Countersink angle
[ Manual averide b arual override
Dia. of step : | Cylinder W Angle of step
Offset : | Oin Yalue : [90deq
Walue :
Step parameters
Select step ; Parameter Value |
" Diameter 1.1in
A bt Depth 0.43@in
Start Position | 5.315, 0, 0903500
(] 8 l [ Cancel ] [ Help ]

not selected on the Mill Tool page, click the Tool Crib tab and select it from the Tools
list, then click the <-- Select button.

7. Click Yes to replace the holder, then click OK to close the Operation Parameters dialog

box.

8. Click Close to close the Insert Hole Operation dialog box.

A Contour Mill operation is added after the Drilll operation in the tree.

Defining Program Zero

The Mill Part Setup defines the tool direction as well as program zero. Program zero can be
changed in the Mill Part Setup by selecting a vertex or arc edge, typing in the origin relative
to SolidWorks zero, identifying a sketch that contains a single circle, or by picking a stock
corner. When selecting a sketch, the center of the circle in the sketch will be the origin of the
Mill Part Setup and program zero. Each Mill Part Setup can have a different origin.

1. Right click Mill Part Setup1 and select Edit Definition.
The Part Setup Parameters dialog box displays.
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2. On the Origin tab, select the Sketch option

and select Setup Origin for the sketch. —
Origin |.Pm's || Offset || Indexing || Advanced || Statistics || MNC Planes

Crigin
) User

) Vertex
) Brc center
» () Sketch Setup Crigin w

() Top center

) Mid center

() Bottom center

() Stock vertex 0

The circle in the lower left corner of the
stock should be highlighted. This
indicates that the center of the circle is
now the Mill Part Setup origin. ——

3. Click OK.

LA

{% Did You Know ...
If you change the Mill Part Setup origin after generating toolpaths, always regenerate all
toolpaths. Otherwise, the post processed output will not be relative to the origin.
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Generate toolpaths:

1.

M Click the Generate Toolpath button on the CAMWorks toolbar or right click Mill
Part Setup1 in the CAMWorks Operation tree and select Generate Toolpath.

The toolpaths that were generated for all operations display.

2. Right click Mill Part Setup1 and select
Simulate Toolpath.
3. LI Click the Run button to simulate the
toolpaths.
4. &3 Click the Close button to exit the
simulation.
Sorting Operations

When the Generate Operation Plan command is run, operations are created for each feature
in the Feature tree in the order listed. As shown above, operations can also be inserted
manually and deleted. After making these changes, it is possible that the machining order is
not in the most efficient sequence. Using drag and drop, operations can be reordered into an
optimized sequence; however, this could become time consuming for a part that includes
dozens of operations. To make the ordering task easier, CAMWorks provides a Sort
command that sorts operations based on their type, depth and tool.

1.

Right click Mill Part Setup1 and select Sort Operations.

The Sort Operations dialog box displays.

On the Process tab, remove the check mark from the Process complete feature option.
When this option is checked, all operations for a given feature will be sorted and grouped
together so that the entire feature is completed before processing other feature operations.

After all feature operations are grouped, the order the operations are processed will be
from highest Z face to lowest Z face.

Select the Sort tab.

This page shows the order in which the operations will be sorted. More information on
sorting operations can be found in the CAMWorks online help.

Click the Apply button.

Note that the operations have been sorted according the specified operation sequence.
Within each type of operation, the operations with the highest Z face will be processed

first. If you do not like the order, you can click the Undo button and change the order or
any of the options, then click Apply again to see the results.

1-46 Learning 2 Axis Mill Basics



© ® N ©

10.

11.

12.
13.

2 Axis Mill 4

Click the OK button.
If required, the operations can still be reordered manually using drag and drop.

@ Click the Simulate Toolpath button on the CAMWorks toolbar.
Run the simulation and note the changes.

Save the part.

Right click Mill Part Setup1 and select Post Process.

— The Post Output File dialog box displays.

— If you are running CAMWorks in Demo mode, this dialog box does not display.
Click Save to use the default name for the NC program file.

The Post Process Output dialog box displays.

Click the Run button.

CAMWorks generates the NC program.

Use the vertical scroll bar to view the code.

Click Cancel to close the Post Process Output dialog box.
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Chapter 2 Learning More 2 Axis Mill

This chapter provides an opportunity to learn more about CAMWorks 2 Axis Mill.

The exercises in this chapter are intended to show you how to use CAMWorks and may not
correspond to actual machining practices.

IMPORTANT! CAMWorks uses a set of knowledge-based rules to assign machining
operations to features. The Technology Database contains the data for the machining
process plans and can be customized for your facility's machining methodology. When you
do these exercises, your results may not be the same as described in the steps and
illustrated in the figures. This is because the machining sequences and operations data in
your Technology Database may be different from the database used to produce the
documentation.
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2 Axis Mill 5
What You'll Learn

8.
9.

Setting Attributes and Generating Operations
Sorting and Sequencing Operations
Machining Island Tops

Changing the Mill Part Setup Origin
Combining Operations

. Open the part file MILL2AX S5.SLDPRT in the \Examples\Mill folder inside the

CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Since this part is rectangular, you do not have
to machine the outside of the part. AFR will
find the holes, bosses, slot, corner slots and
open pocket features.

Click the CAMWorks Feature Tree tab.

2 Right click Example Mill-mm in the
Feature tree and select Edit Definition.

— On the Machine tab, Example Mill-mm is
the Active machine.

— Click the Tool Crib tab and make sure Tool
Crib 1 (metric) is the Active tool set.

— Click the Controller tab and make sure
FANTUTM is selected, then click OK to
close the dialog box.

O Right click on the Stock Manager in the CAMWorks Feature tree and select Edit
Definition on the shortcut menu. The Manage Stock dialog box displays.

Change the Bounding box offset for X, Y and Z to a uniform 1mm.

Select a Material in the pulldown list, then click OK.

& Click the Options button on the CAMWorks toolbar or select Options on the
CAMWorks menu.

Click the Mill Features tab in the Options dialog box.

In the Feature types section, make sure the Face option is not checked and click OK.

10. E Click the Extract Machinable Features button on the CAMWorks toolbar or right

click on the NC Manager in the tree and select Extract Machinable Features.
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Automatic Feature Recognition analyzes the model = %53 mill Part Setupi

and extracts the features to machine. The tree Open Pocketl [Coarse]
Obround Boss1 [Coarse]

displays the list of features that were found. @) Hole Groupt [Dril]

— An Open Pocket feature was created with the +-{@) Rectangular Boss Group2 [Coarse]
Obround Boss and the two Rectangular Bosses R Rectangular Corner Slatt [Rough Finish]
as islands. Rectangular Slotl [Rough Finish]

@ Obround Pocket1 [Fough Finish]
— The two rectangular bosses were extracted as a K8 Rectangular Comer Slot2 [Rough Finish]

Rectangular Boss Group.
— The Rectangular Corner Slots were not extracted as a Group Feature because they are
different sizes.

1% Did You Know ...

The default machining sequence is based on the order that the machinable features
appear in the list. Using drag and drop, you could rearrange the features so that they are
in the order that you would like them to be machined. However, the CAMWorks
Operation tree allows operations to be automatically sorted and interactively sequenced
(as explained below) so it is unnecessary to reorder features.

Setting Attributes and Generating Operations

1.

Right click on Hole Groupl in the CAMWorks Feature tree and select Parameters.

2. In the Hole Parameters dialog box, change the Attribute to Ream, then click OK.

3. Click the Generate Operation Plan button on the CAMWorks toolbar or right click

Mill Part Setup1 in the Feature tree and select Generate Operation Plan.

CAMWorks creates the list of operations to machine the part. All the operations for a
given Feature are listed in order.

Sorting and Sequencing Operations

The machining sequence is based on the order of the operations in the tree. The Rough Mill
and Contour Mill operations for the Rectangular Corner Slot are listed at the bottom. You
may not want this order. For example, you may want all of the roughing done before the
contouring, and the hole making operations to be done last. CAMWorks allows automatic
and interactive control over changing the machining sequence. Using drag and drop is
suitable when only several changes need to be made. However, when making numerous
changes to the order of the tree, the Sort Operations command provides an automatic
approach.

1.

Right click Mill Part Setupl in the Operation tree and select Sort Operations.
The Sort Operations dialog box displays.
Remove the check mark in the Process complete feature checkbox.

When checked, the operation sequence will be based on machining each feature
completely before machining the next feature. The features will be sorted from highest Z
to lowest Z.
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3. Change to the Sort tab.

The Sort page allows operations to be sorted based on either one or two criteria. The Sort
by list shows the current order for sorting operations. The default order is defined in the
Technology Database and can be modified as required.

4. Click the Apply button to see the result of the current sorting rules.
The operations in the tree are sorted according to the order in the list.
5. Click the Undo button to return to the original order.

In this example, you want to sort by operation type with the Rough Mill cycles first,
Contour Mill cycles second and then the hole making cycles. To do this, you can use drag
and drop to reorder the operation list.

6. Select Rough Mill in the list and drag it below Face Mill. There 1s no Face Mill operation
in the tree so the position of this cycle does not matter.

7. Select Contour Mill and drag and drop it below Rough Mill.
8. Click the Apply button. The order in the tree changes to reflect the current operation list.
9. Click OK.

The operation order in the tree can be further modified using drag and drop if necessary.

CAUTION! Be careful when dragging and dropping the operations. Make sure you do
not change the order so that the tools will cause a crash. For example, you could drag the
ream operation in front of the drill operation. CAMWorks assumes that you know what
you are doing and will process the toolpaths exactly the way you have them ordered.

Machining Island Tops

As in the previous exercises, the Operation Parameters dialog allows you access to all the
parameters that will be used to machine a Feature. You can change parameters to customize
the toolpath that CAMWorks generates to suit your machining requirements.

{1 Did You Know ...
The parameters that you change in the Operation Parameters dialog box are used only
for the current operation. Other operations and other parts will revert to the default
parameters that are defined in the Technology Database.

1. Right click the Rough Milll in the Operation tree and select Edit Definition.
2. Click the Roughing tab in the Operation Parameters dialog box.

3. Check the Machine island top option so that the islands on the top of the part are faced
off.

4. Change the Pocketing Pattern to Zigzag.

This option creates parallel lace cuts with the cuts alternating direction. Between each
lace cut, the tool stays down in the material.

5. Click OK.
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Changing the Mill Part Setup Origin

2 Axis Mill 5

CAMWorks creates Mill Part Setups automatically with the Mill Part Setup depth set to the
highest face on the recognized features and the Mill Part Setup origin on the edge of the first
recognized feature on the top of the part. The Mill Part Setup origin defines the G-code
program zero location using the machine tool's fixture location, Work Coordinates and/or
Sub Coordinate offsets. The Mill Part Setup origin position is based on the SolidWorks

origin. You can move the Mill Part Setup origin to a

more useful location for machining.

1. Left mouse click on Mill Part Setupl in the tree.
Notice where the origin is located on the part. —
2. Right click on Mill Part Setupl and select Edit

Definition.

The Part Setup Parameters dialog box displays.

3. For the Origin, select the Stock
vertex option.

4. Pick the corner shown in the figure,
then click OK.

The origin location is moved on the
part to the corner you selected.

New location —;K‘

Ed

Part Setup Parameters

Origin | fods || Offset || Indexing | Advanced || Statistics || NC Planes
Origin
) User
x@m ] vEm ] 2]
) Vertex
(") Arc center
() Sketch
) Top center
() Mid center
Bottom center
{*) Stock vertex ;{—*___—O“‘nh
O =0
~J)l  —20
O

Based on the orientation of the part, selecting a
corner in the dialog box may not appear to be the
same corner on the part. This is because the
model can be rotated to any position in space.
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Combining Operations

Notice that several roughing and contouring operations use the same tool. Similar operation
types that use the same tool can be combined into one operation.

1. Right click on Mill Part Setupl in the tree and select Combine Operations.

2. Remove the check mark from the Regenerate toolpath option.

3. Select Contour Mill, then click OK.

CAMWorks combines similar Contour Mill operations that use the same tool.

4. Click the + next to the Contour Mill operations in the tree to expand the items.
The operations that use the same size tool were combined. Notice that the order of the
operations was maintained. The rough operations are first, followed by the contour
operations, and finally the hole operations.

Before Combining

=<5z Mill Part Setup1 [Group1]
%3 Rough Mill1[T18 - 18 Flat End]
% Rough MilZ[T3 - & Flat End]
% Rough Mil3[T3 - 6 Flat End]
% Rough Mil4[TS - 6 Flat End]
% Rough MilS[TS - & Flat End]
% Contour Mill1[T12 - 12 Flat End]
% Contour Mill2[T41 - 12 Flat End]
% Contour Mill3[T41 - 12 Flat End]
% Contour Mill4[T5 - 4 Flat End]
% Contour Mill5[T9 - & Flat End]
% Contour Mill5[TS - 6 Flat End]
% Contour MIl7[TS - 4 Flat End]
. Center Drill 1[T42 - 16 Center Drill]
Y, Drill1[T43 - 8,9% 1152 Drill
% Ream1[T44 - 5.9 Ream]
'@ Recyde Bin

{1% Did You Know ...

After Combining

=<5 Mill Part Setup1 [Group1]

% Rough Mill1[T18 - 18 Flat End]
S Rough Ml2[T3 - 6 Flat End]
S Rough Ml3[T8 - 6 Flat End]
S Rough Mill4[T3 - 6 Flat End]
S Rough MIS[TS - 6 Flat End]
'\\\\; Contour Mill1[T12 - 12 Flat End]
= '\\\\; Contour Mill2[T41 - 12 Flat End]
Obround Boss1 [Coarse]
@ Rectangular Boss Group2 [Coarse]
= ‘\Q} Contour Mill4[T45 - 4 Flat End]
@ Rectangular Corner Slotl [Rough Finish]
@ Rectangular Corner Slot2 [Rough Finish]
% Contour MIlS[TS - 8§ Flat End]
% Contour MIlS[TS - & Flat End]
. Center Drill 1[T42 - 16 Center Drill]
R, Drill 1[T43 - 8.9x%118° Drill
g Ream1[T44 - 8.9 Ream]
& Recyde Bin

After toolpaths have been generated, if you combine operations and disable the Regenerate
toolpath option in the Combine Operations dialog box, you must generate toolpaths again.

5. Right click Contour Mill4 and select Edit Definition.

6. On the Mill Tool tab, change the Overall length to 100mm and on the Mill Holder tab,
change the Protrusion to 60mm, then click OK.

7. Right click Drilll and select Edit Definition.

8. On the Drill Tool tab, change the Overall length to 150mm and on the Mill Holder tab,
change the Protrusion to 130mm, then click OK.
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9. M Click the Generate Toolpath button on the
CAMWorks toolbar or right click the Mill Part
Setup in the tree and select Generate Toolpath.

10.

11.
12.

13.
14.
15.

16.

17.
18.
19.

Highlight the first operation in the tree, hold
down the Shift key, then highlight the last
operation.

Y our model should look similar to the figure on
the right.

&

Click on the Simulate Toolpath button on the

CAMWorks toolbar.

-

Click the Run button on the toolbar to start the

simulation.

4

P

Click the Return to start button.

Click the Turbo mode button, then click Run.

The simulation does not update the stock until the
simulation is completed. This is the fastest method
for simulation.

&3 Click the X button in the upper right corner of
the Simulate Toolpath toolbar to exit simulation
mode.

Right click on the Mill Part Setup and select Post
Process.

2 Axis Mill 5

The Post Output File dialog box displays so you can name the NC program file.

Use either the default file name or type a different name and save the file.

Click the Run button in the Post Process Output dialog box to output the G-code file.
Click OK to close the dialog box.
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2 Axis Mill 6
What You'll Learn

Interactively Inserting 2.5 Axis Features

Avoiding Clamps

Changing Operation Parameters and Tools

Inserting a Mill Part Setup and Face Feature to Cut the Bottom of the Part
Customizing Toolpaths

This exercise involves a non-rectangular part that requires several interactive features.

1.

Open the part file MILL2AX 6.SLDPRT in the |\Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Since this part is non-rectangular, a feature

to machine the outside of the part has to be O
inserted. In addition, a feature will be
added to cut the top of the pockets. All
machining will be from the top of the part.

Click the CAMWorks Feature Tree
tab.

2 Right click Example Mill-mm in the
Feature tree and select Edit Definition.

— On the Machine tab, Example Mill-mm
is the Active machine.

— Click the Tool Crib tab and make sure Tool Crib 1 (metric) is the Active tool set.
— Click the Controller and make sure FANTUTM is selected, then click OK.

O Right click on the Stock Manager and {f\/
select Edit Definition. *-

%l Click the Extruded Sketch button

and pick the sketch representing the stock

<0 Set the Depth to 45Smm.

Click OK to close the dialog box.
& Click the Options button on the
CAMWorks toolbar.

On the Mill Features tab, check the Face
option in the Feature types section and click OK.
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10. E Click the Extract Machinable Features button on the CAMWorks toolbar or right

click the NC Manager in the tree and select Extract Machinable Features.

Automatic Feature Recognition analyzes the model for &> Mil Part Setupt

features to machine and the tree displays the list of Face Featurel [Coarse]
Machinable Features that CAMWorks has found. The B Counterbore Holel [Dril]
face, large hole and the two internal pockets have been Irregular Pockst1 [Rough Finish]

Irreqular Pocket2 [Fough Finish]

found. Additional features will be defined interactively & Recyce Bin

to completely machine the part.

Inserting 2.5 Axis Features

You need to insert 2.5 Axis Features to cut the face on the top of the pockets and the outside
of the part.

Insert the first 2.5 Axis Feature to machine the top of the pockets.

1.

Right click on Face Featurel and select Insert 2.5 Axis Feature. The 2.5 Axis Feature
Wizard starts and the Feature & Cross Section Definition dialog box displays.
Select Open Pocket for the Feature Type.

Pick the top face of the part at the
top of the pockets.

The Entities selected list shows Face<1>.
Click Next.

The 2.5 Axis Feature Wizard: End Conditions
dialog box displays.

2.5 Axis Feature Wizard : Feature & Cross Section Def...

Make sure Use Stock extents is checked

so that the entire top of the material is Festure
faced off. Type: |DpenPocket v | (@ Single
Click Finish to complete the feature.
. . Face zelection Edge zelection :
The Feature & Cross Section Definition Duter osp 9 [Converttoboop

dialog box displays again so you can

. . . [ Check for taper & fillets
continue inserting features.

Use Entities selected :
Clamp 2 ~ Face <13
Clamp 1 E
Stock
Sketche
SketchE B
Sketchs
Sketchd w

o J e ]

Learning More 2 Axis Mill 2-9



2 Axis Mill 6

The second 2.5 Axis Feature will be the area around the outside of the part. The stock was
defined so that the bottom of the part is Smm off the bottom of the stock. If the feature is
defined as having a bottom depth equal to the bottom of the part, then a Smm skin will

remain to hold the part to the clamp.
1.
2.

Rotate the part so that you can see the bottom face.

Make sure the Feature Type is set to Open Pocket, then
pick the bottom face as the entity to be machined.

Click Next.
Rotate the part back to view the top.
Pick the top face of the part at the top of the hole.

In the End Conditions dialog box, the End condition
Type changes to Upto Face and the Depth is calculated
automatically.

Make sure that the Use stock extents option is checked, then
click Finish.

Click Close to exit the Feature Wizard.
The features are listed in the CAMWorks Feature tree in = . %% mill Part Setupi

the order you added them. Face Featurel [Coarse]
. Open Packet [C

Drag and drop the features so that they are in the order % OEZ: szketz E,;:E:}

shown on the I‘ight. D) counterbore Holel [Dril]

Irreqular Pocketl [Rough Finish)
Irreqular Pocket? [Rough Finish)

. . =% Mill Part Setup1 [Group1]
J Click the Generate Operation Plan button on the % Face MIl1[T41 - 125 Face Mi]

CAMWorks toolbar or rlght click on Mill Part Setupl % Rough Mill 1[T15 - 18 Flat End]
and select Generate Operation Plan. § Contour Mill1{T12 - 12 Flat End]
The Opgrations list should look similar to the example \§ EEE?:UT:[LﬁIEEFBlz _lalgliltj;fd]
on the right. % Center Dril1[T42 - 12.5 Center Drill
<, Drill 1[T43 - 20x115° Drill
\Q.& Contour Mill3[T11 - 10 Flat End]
% Rough Mill3[T12 - 12 Flat End]
\Q.& Contour Mill4[T11 - 10 Flat End]
% Rough Mill4[Ts - & Flat End]
% Contour Mil5[T2 - 1 Flat End]
'@ Recyde Bin
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Defining Avoid Areas for Clamps

Rough, Contour and Face Mill operations for 2 and 2.5 Axis features can be modified by
specifying Avoid Areas. Avoid areas can be used as a definition for clamps and large holes
in the feature where machining is to be avoided. Avoid areas can be defined from planar or
non-planar model edges and faces, as well as from sketches. Avoid Areas are considered to
be islands within the perimeter and will be machined around leaving material equal to the
sum of the Side allowance and Avoid allowance parameters.

In this exercise, you define avoid areas for the Face Feature and the Open Pockets to avoid
machining the clamps.

1. Right click FaceMilll in the Operation tree and select Insert Avoid Area on the shortcut

ment. 2.5 Axis Wizard
The 2.5 Axis Wizard dialog box e cloct mode
displays. =) Default ) window selection () Adjacent faces
play
2. Select Clamp 1 in the sketches Use Selection fiter [ Dpen chain =
list and click Finish. S s selood.
3. Click the plus sign next to mﬂmki_ Clamp 1
FaceMilll in the Operation tree. gtewha
Sketchb v
The AVOlq Area 1s listed under —_— s
the operatlon. O 2 [Peverse () Bounding box
=<5 Mill Part Setupl [Groupl] () Sikhoutts
=% Face Mill1[T41 - 125 Face Mil] [Jsh O Multiple
[® Avoid Areal A1 COMNErs
Farce Featurel [Coarse]
[ Help ] [ Cancel ]

4. Right click Face Milll and select Insert Avoid Area on the shortcut menu.
5. Inthe 2.5 Axis Wizard dialog box, pick Clamp 2 and click Finish.

You can copy avoids to other operations in the same 5 % wil part setup1 [Group1]

Mill Part Setup. Y Face Mill1[T41 - 125 Face Mill
. ) ) . %% Rough Mill1[T18 - 18 Flat End]
6. Click Avoid Areal, press the CTL key, click AVQld <y Rough MII2[T 15 - 18 Flat End]
Area2 and drag the two items on tOp of Rough Mill 1. “. Center Dril 1[T42 - 12.5 Center Drill]
7. Repeat step 6 to copy the avoid areas to Rough Mill2, <y, Drill1[T43 - 20x118° Drill

% Contour Mill3[T11 - 10 Flat End]
8. Drag and drop the Contour Mill operations for the S Contour Mill1[T12 - 12 Flat End]
Open Pocket features to the positions shown on the———>"%y Contour Mil2[T12 - 12 Flat End]
right S Rough Mill3[T12 - 12 Flat End]
) % Contour Mill4[T11 - 10 Flat End]
% Rough Mil4[T3 - 6 Flat End]
% Contour Mill5[T2 - 1 Flat End]
'@ Recyde Bin
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Changing Operation Parameters and Generating Toolpaths

Before generating toolpaths, we will modify some of the operation parameters. Typically,
choosing parameters for machining is based on personal preference.

1.
2.
3.

6.
7.
8.

Right click Rough Milll in the tree and select Edit Definition.
On the Roughing tab, make sure the Cleanup pass option is not checked, then click OK.
Repeat steps 1 and 2 for Rough Mill2.

If the general rule is to not generate a cleanup pass, the default could be set to off in the
Technology Database.

Right click Contour Milll and select Edit Definition.

Click the Contour tab in the Operation Parameters dialog box.

By default, the depths of cut will produce multiple contour cuts.

Change the value for First cut amt. to S0mm.

For Depth processing, select the To Depth by region option, then click OK.
Repeat steps 4 - 6 for Contour Mill2.

The default values for milling the counterbore are small and will produce more cuts than are
needed. You can edit the operation and change these values.

9.

10.

11.

12.

13.
14.

15.

16.

Right click Contour Mill3 and select Edit Definition.

Click the Contour tab and change the following parameters:

Depth Parameters: First cut amt. = 10mm and Max cut amt. = 10mm

Click the Settings... button in the Side parameters section.

In the Side Parameters dialog box, change the Cut amt to 10mm and click OK.
Click the Tool tab, then click the Tool Crib tab.

tools to find a 20mm flat end mull.
. Tooal FsS Contour | NC Feature Options || Leadin | Advanced | Posting
If Flat End tools are not listed,
clear the check mark to the left of Wil Tool || il Holder | Tool Cib
the Filter button. Turret -
Click in a cell on the 20mm tool U | | | ena |
. . Usage| 5tn. No. Tool Type Dia. | Rad.
line to select the tool, then click N -
15| Flat End 1dmm | Omm
the 16/ Flat End 16mm_| Omm
<_ Select button. 17| Flat End 16mm | Orm
18 | Flat End 18mm | Omm

Click Yes to replace the (FlatEnd _[20mm | 0mm ||
corres Ol’ldil’l }Il)OldeI’ 20| Flat End Z5mm | Omm
p g : From library 21| Flat End 25mm | Omm
22| Flat End 40mm | Omm
Epiace... 23| Flat End 20mm | Omm
24| Hog Nose 10mm | 3mm
- v pra— Py S— —
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17.
18.
19.
20.

21.

22.

23.

24.

25.

26.

2 Axis Mill 6

Click OK to close the Operation Parameters dialog box.
Right click Contour Mill5 in the tree and select Edit Definition.
On the Tool Crib page, click in a cell on the 2mm Flat End tool line and click Select.

Click Yes to replace the holder, then
click OK.

@ Click the Generate Toolpath button
on the CAMWorks toolbar or right click
the Mill Part Setup and select Generate
Toolpath.

CAMWorks generates the toolpaths for
all operations.

Hold down the Shift key and select the
first and last operations in the tree.

The result should look like the example. ;
Notice how the toolpath has avoided the clamp T 7
areas. :

Change to the Top view and notice that the i
toolpath has not gone to the bottom of the I
material.

Right click on the Mill Part Setup and
select Simulate Toolpath.

LI Run the tool path simulation.

The result should be similar to the
example.

a Close the Simulation to return to the
model.

Inserting a Mill Part Setup and Adding a Facing Cut

This series of steps shows you how to add a facing cut for the bottom side of the part. For
setup purposes, you are going to flip the part over, hold it by the machined rectangular
section, and machine the remainder of the material off with a facing cut.

You begin by creating a Mill Part Setup that is opposite from the existing Mill Part Setup.
From this Mill Part Setup, you will then create a face feature.
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Rotate the part so that you can see the bottom
face

Az l

Click the CAMWorks Feature Tree tab.
Right click on Mill Part Setup1 and select

[ Multi axiz setup

iz definition

Insert Mill Part Setup.
Pick the bottom face of the part in the
graphics area.

CW Face5 is shown as the Selected entity.
When you insert a Mill Part Setup, you can
select either a face or one of the planes listed
in the Mill Part Setup dialog box.

Make sure the Face option is checked.
If this option is checked, CAMWorks

Selected entity

Reference planes :

LClarnp Plane |Cwf Face5
Flanel
Plane2 | Reverse direction
Flarne3 Az
Stock Plane e
Y
Z2: -1
Create feature
—p ¥ Face

automatically creates a Face feature when the Mill Part Setup is created if the topmost
face is parallel to the Mill Part Setup and the Mill Part Setup is parallel to one of the sides

of the stock.
Click OK.

A new Mill Part Setup is inserted on the bottom of the
part. Mill Part Setup2 and Face Feature2 are listed in the

tree.

Right click Mill Part Setup2 and select Generate

Operation Plan.

In the Operation tree, right
click Mill Part Setup2 and
select Generate Toolpath.

The resulting tool path should
look similar to the figure on
the right.

Rotate the part back to view
the top.
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Fare Featurel [Coarse]
[0 ©pen Packet1 [Coarse]
[0 ©pen Packetz [Coarse]
@ Counterbore Hole1 [Drill]
Irreqular Pocketl [Rough Finish]
Irreqular Pocket2 [Rough Finish]
=<5z Mill Part Setupz
Face Feature? [Coarse]




10.

11.

12.

2 Axis Mill 6

Right click on the NC Manager in the
CAMWorks Operation tree and select Simulate
Toolpath.

L' Click the Run button.

The resulting simulation should appear as shown.
The remainder of the material has been removed,
and the part has been machined completely.

m Click the exit button.

v

Customizing Toolpaths

In the final part of this exercise, you change some of the Mill Part Setup and operation
parameters to customize the toolpaths.

© N o g~ 0w DN =

10.

11.
12.
13.
14.

Click the CAMWorks Options button on the CAMWorks toolbar.

Click the Update tab.

Set the Update toolpaths when parameters change option to Never and click OK.
Change the orientation to Back view and zoom up on the toolpath.

Double click on Contour Mill4 in the tree.

Click the Leadin tab and change the Leadin Type to Perpendicular.

Set the Leadin Amt. to Smm.

Leave the Leadin/out point set to Mid-point and
click OK.

The pierce point displays as a square marker in
the middle of the edge because the Mid-point
option is selected.

Right click on the same Contour Mill operation and select Generate Toolpath.

=

Rotate the part and notice the leadin line at the
start of the Contour Mill tool path. The angle is
perpendicular to the start angle at the beginning
of the arc.

You can see the SolidWorks origin. Next, you
will use that as the start of the leadin.

Double click Contour Mill4 again.
Click the Leadin tab and set the Leadin Type to None.

Click the Feature Options tab.

For the Entry Type, use the default None.

With this option, the end mill feeds down in Z at the specified entry point.
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15

16.

17.
18.

19.
20.

21.
22.

2-16 Learning

. In the Entry points list section, click in the Entities selected box to set the focus.
Rotate the part, if necessary, and pick the SolidWorks origin with your mouse.
Point displays in the Entities selected list and the
X,Y coordinates are specified.

Click OK.

Right click on the same Contour Mill operation
and select Generate Toolpath.

The start of the leadin changes to the origin point
that was selected. This acts as a leadin even
though the Leadin Type was set to None.

Right click Mill Part Setup! in the tree and select Post Process.

In the Post Output File dialog box, use either the default file name or type a different
name and save the file.

Click the Run button in the Post Process Output dialog box to output the G-code file.
After reviewing the code, click OK to close the dialog box.
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2 Axis Mill 7
What You'll Learn

Interactively Inserting 2.5 Axis Features

Inserting Engrave Features

Generating an Operation Plan and Adjusting Operation Parameters
Updating Toolpaths for Design Changes

Open the part file MILL2AX 7.SLDPRT in the |\Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).
Click the CAMWorks Feature Tree tab.

. Use the default Example Mill—in, controller and active tool crib (as defined in the
Machine dialog box).

O Right click on the Stock Manager and select Edit Definition.

The default bounding box displays on the part.
Click OK to use this stock.

@ Click the Extract Machinable Features button on the CAMWorks toolbar.

AFR extracts features to machine and generates the Mill Part Setups needed to machine
these features.

Defining Features Interactively
In the following exercises, you edit the Open Pocket feature to machine the top of the flange

and insert features to machine the perimeter of the part and the
four corner pockets.

1% Did You Know ...

Edit the Open Pocket feature to machine only the top of the
flange.

1.

AFR can extract perimeter features if you are running

SolidWorks 2006. The Mill Features tab in the CAMWorks
Options dialog box has an option to automatically recognize O
a Part perimeter feature as a boss or open pocket.

Right click Open Pocketl in the Feature tree and select Edit
Definition on the shortcut menu.

In the 2.5 Axis Feature Wizard: End Conditions dialog box,
remove the check mark from the Use Stock extents option.

By default, CAMWorks uses the extents of the stock volume to define open pocket
features. In this feature, you want to machine only the top of the flange.

3. Click Finish.
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Insert a Boss feature to machine the perimeter of the part.
1.
2.
3.

Right click Open Pocketl and select Insert 2.5 Axis Feature.
Change the Feature Type to Boss.
Make sure the Edge selection is set to Convert to loop.

With this option selected, when you pick a part edge,
CAMWorks automatically chain selects all other edges
connected to that edge at the depth. This allows you to pick
one edge on the inside of a face and identify the entire inside
loop.

Pick the bottom edge of the part.

The entire face of the part is highlighted and loop<1> is
added to the Entities selected list.

Click Next.
Pick the top of the flange for the end condition.

CAMWorks automatically changes the End condition
Type to Upto Face and calculates the Depth.

Click Finish.

Change the Feature Type to Pocket.
Make sure the Multiple option is selected.

This option allows you to define multiple
similar features by selecting multiple faces,
sketches and edges.

Pick the faces on the bottom of the 4 corner
pockets and click Next.

Pick the face on the top of the flange for the
end condition.

Click Finish, then click Close to exit the wizard.

The features are listed in the tree in the order
you inserted them. This is the order they will be
machined when you generate an operation plan.

Use drag and drop to reorder the features in Mill Part Setup2 so that Open Pocketl is first
and Irregular Boss] is last.
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Inserting Engrave Features
Add two Engrave features to machine the text on the part.

1.

10.
11.

12.

Right click Mill Part Setup5 (or the Mill Part Setup on the same \\L<
face as the TekSoft logo) in the tree and select Insert 2.5 Axis
Feature. ¥

s ]

In the 2.5 Axis Feature Wizard: Feature & Cross Section e P
Definition dialog box, select Engrave Feature for the Feature

Type.
In the Available Sketches list, select Teksoft logo.
When Teksoft logo displays in the Entities selected list, click Next.

In the 2.5 Axis Feature Wizard: End Conditions dialog box, change the Depth to .015,
then click Finish.

Click Close to exit the wizard.
Engrave Featurel is listed in the tree.

Right click Mill Part Setup6 (or the Mill Part Setup on the same face as
the CAMWorks logo) and select Insert 2.5 Axis Feature.

In the 2.5 Axis Feature Wizard: Feature & Cross Section Definition
dialog box, select Engrave Feature for the Feature Type.

In the Available Sketches list, select CWlogo.
When CWlogo displays in the Entities selected list, click Next.

In the 2.5 Axis Feature Wizard: End Conditions dialog box, change the Depth to .015,
then click Finish.

Click Close to exit the wizard.

You have defined all the features and are now ready to generate an operation plan.

Generating an Operation Plan and Adjusting Operation Parameters

1.

Click the Generate Operation Plan button on the CAMWorks toolbar or right click
NC Manager in the tree and select Generation Operation Plan.

The tree lists the operations that CAMWorks generated for the features in all the Mill
Part Setups.

Adjust tools before generating the toolpaths:

2.

Right click Contour Mill2 (the operation for Irregular Pocketl) in the tree and select
Combine Operations.

This command allows you to combine and remove duplicate operations.
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3. In the Combine Operations dialog box, select the Combine operations option.

When this option is checked, the features machined by operations in the Features or
operations list are machined by the current operation and the original individual
operations for those features are deleted.

4. Hold down the Shift key and select the three operations in the Operations list box.
5. Click the Add button.

The operations are added to the Features or operations list on the right.
6. Click OK.

Contour Mill3, Contour Mill4 and Contour Mill5 are removed from the tree and the
Irregular Pocket features are listed under Contour Mill2.

7. Double click Contour Mill2 in the tree.

By combining operations for the Irregular Pockets, you have to change the parameters
only once instead of for each operation.

8. On the Mill Tool tab, make sure the current tool 1s a .38in flat end mill.

If a different tool is selected, click the Tool Crib tab and select a .38in flat end mill, click
the <- Select button, then click Yes to replace the corresponding holder.

9. Click OK to close the Operation Parameters dialog box.

10. Look at each Center Drill operation in the tree and check the size of the tool selected by
the TechDB.

The tool for each Center Drill operation should be a #3 60 degree center drill with a.11in
diameter. If a different tool is listed in the tree, right click the operation and select Edit
Definition. Then, click the Tool Crib tab and select the correct tool in the Tool Crib.

11. Right click on Contour Mill8 in the tree (the Contour Mill operation for the Irregular
Boss) and select Edit Definition.

12. On the Mill Tool tab, make sure the current tool is a .51in flat end mill.

If it is not, click the Tool Crib tab, select a .5in flat end mill in the Tool Crib, click the
<- Select button, then click Yes to replace the corresponding holder.

13. Click OK.

14. M Click the Generate Toolpath button on the CAMWorks toolbar or right click NC
Manager in the tree and select Generate Toolpath.

CAMWorks generates toolpaths based on the information in the Technology Database.

Associating Machining Information After Design Changes

One of the unique features of CAMWorks is the ability to re-apply, or associate, machining
information to a part after the size or shape of the part has been modified. This associative
action is done through the CAMWorks Rebuild process. Maintaining this associativity is a
complex process and may require user interaction to help reconcile unresolved associations.
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In this exercise, you change the size of the four 1.00in diameter holes in the center of the
part

1. % Click the Options button on the CAMWorks toolbar.

2. Click the Update tab and make sure the Generate operations for new features option is
not checked, then click OK.
When this option is disabled, you can associate the current operations for the hole feature
to the modified hole geometry when CAMWorks rebuilds the machining data.

3. Click the FeatureManager design tree tab.

4. Right click on one of the 1.00in diameter holes and select Edit Sketch.

5. Change the 1.00in dimension to 1.25in.

6. Click the CAMWorks Feature Tree tab.

CAMWorks displays the message: Part has
changed. Select Full to rebuild all CAMWorks
data or light if changes do not affect CAMWorks
data.

7. Click Full.
If the machinable features from the original part shape cannot be associated automatically
to machinable features created after a model change, both the current and new features
display in the Associate Features dialog box. You can interactively resolve which new
features are associated to current features.

8. Click Hole Groupl in the Current features list.

When a Current feature is selected, operations used to machine the feature are listed. For
visual confirmation, when a Current feature is selected in the list, a red outline of the
feature displays on the part.

9. Clle on HOIG Associate Features

Groupg in the Mew features Current features ;
New features =) & Mill Part Setup] =) &y Mill Part Setup] Operations :
. @ Hole Group8 [Drill] - Hole Group1 [Diil]
list. = % Mil Part Setupd [Group]
. . Center Dnll1[T22 - #3 Center Din
The Associate <, Dll[T43 - 1118 Dl
button 1s
enabled.
10. Click the < ’
Associate [ Al features
button. I ok ] [ Cancel ] [ Help ]

When you click the button, a message displays a choice of replacing Hole Groupl with
Hole Group8 or adding Hole Group1 to Hole Group8.
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11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

Click the Replace button, then click OK.

CAMWorks replaces the selected Current feature (Hole Groupl) with the selected New
feature (Hole Group8) in every operation that contains the Current feature and deletes
Hole Groupl from the Feature tree.

{- Did You Know ...
If you click the Add button, CAMWorks adds the New feature to all operations for
the selected Current feature. The Current feature is not replaced. Using Add is
another method to simplify machining similar features

In the Feature tree, right click Hole Group1 and select Generate Operation Plan.
Click the Regenerate button to generate new operations for the feature.

Based on information in the TechDB for the 1.25in diameter hole, a Contour Mill
operation is applied to the feature in addition to a Drill operation.

E Click the Generate Toolpath button on the CAMWorks toolbar.

& Click the Simulate Toolpath button on the CAMWorks toolbar.

E On the Simulate Toolbar, make sure the Tool Mode button is selected, then set the
following display options:

® ﬂ ﬂ Stock, Tool and Holder Display = Shaded with Edges

— g Target Display = No Display
E E @ Tool, Tool Shank, Tool Holder = Ignore Collision

Click the Run button to start the simulation.

|
E Click the Goto Start button.
g

Change the Tool Holder button to Tool Holder to Cut Collision to activate this
function.

When you select this button, if the holder interferes with the stock, the simulation shows
material being removed by the holder.

LI Run the simulation again and notice that the drill holders gouge the part. You can
select a longer drill tool to eliminate the gouges.

£ Did You Know ...

You can modify the simulation color per operation. Select an operation or multiple
operations in the Operation tree, right click and select Simulation Color on the shortcut
menu. In the Simulation Color dialog box, click Edit and choose a different color.
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2 Axis Mill 8
What You'll Learn

2.
3.

Extracting Machinable Features and Generating Operations
Specifying a Tool Overlap on Open Air Segments

Using an Avoid Area

Defining Rapid and Clearance Planes

Open the part file MILL2AX 8.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.
= Use the default Example Mill-in.

Extracting Machinable Features and Generating Operations

1.

3.

@ Click the Extract Machinable Features button on the CAMWorks toolbar or right
click NC Manager and select Extract Machinable Features.

Automatic Feature Recognition creates the Mill Part Setups necessary to machine all of
the machinable features that are recognized. In order to machine the open profile on the
right side of the part with a keyway cutter, you would interactively insert the features as
explained in exercise TechDB9 in Chapter 8.

Right click Mill Part Setupl in the tree and select Generate Operation Plan.

Note that if you click the Generate Operation Plan button on the CAMWorks toolbar,
operations will be generated for all Mill Part Setups. For this exercise, you only need the
operations in Mill Part Setupl. The operations are listed in the CAMWorks Operation
tree.

Right click Mill Part Setupl in the tree and select Generate Toolpaths.

Specifying a Tool Overlap on Open Air Segments

When machining an Open Pocket, Slot, Corner Slot or Face Feature, the Feature Options tab
in the Operation Parameters dialog box allows you to specify how much to overlap the air
segment edges for 2 Axis rough and contour operations. The amount is specified as a percent

of the tool diameter up to 150%.
1.

Right click Mill Part Setup1 in the tree, select Set f —— |
View, then select Setup XY. -

Left click Rough Milll in the tree and zoom in on
the toolpath to see the open slot.

The toolpath for the Rectangular Slot was - : /
generated with the overlap set at 75% of the too
diameter.
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3. Right click Rough Milll and select Edit
Definition.

4. Click the Feature Options tab.

5. Inthe Air segment offset, change the % Tool
diameter to 100 and click OK.

6. Generate the toolpath and notice the overlap on LS — 7
the open side of the slot.

- —

7. Zoom to fit the complete part in the graphics
area.

Using an Avoid Area

After rough and contour toolpaths have been generated, you can add avoid areas. Avoid
areas can be used as a definition for clamps and large holes in the feature where machining is
to be avoided.

1. Left click Rough Mill2 or the applicable
operation for the large pocket and notice the
toolpath.

2. Right click Rough Mill2 and select Insert
Avoid Area.

3. Inthe 2.5 Axis Wizard dialog box, select Avoid
Area in the Available sketches list. This sketch
represents the perimeter of the drafted pocket.

Optionally, the Offset option allows you to offset
the avoid area.

4. Click Finish.
5. Click the plus sign (+) next to Rough Mill2.

The avoid area is identified as Avoid Areal. If you
wanted to delete an avoid area, you would
highlight it in the tree and press the Delete key
on the keyboard.
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Right click Rough Mill2 and select Generate
toolpath.

Notice that the toolpath avoids the selected
sketch.

Defining Rapid and Clearance Planes

For 2 Axis mill operations, the definition of Rapid and Clearance planes can be done locally
within each operation or globally from the Mill Part Setup level.

1.
2.

10.

Double click Rough Milll in the tree.
Click the NC tab and notice that the Use Setup definition options are not checked.

The operations generated for this part all use the default settings that were defined for this
operation in the Technology Database. When the Use Setup definition option is not
checked, you can select a different method to define the Rapid and Clearance plane Z
depth.

In the Rapid plane section, check the Use Setup definition option.

The method and depth change to the current setting for the Setup and the options are
grayed out.

Click OK.
Right click Contour Milll in the tree and select Edit Definition.

On the NC tab, check the Use Part Setup definition in the Rapid plane section, then click
OK.

Right click Mill Part Setup1 in the tree and select Edit Definition.
Click the NC Planes tab.

The options on this tab provide methods for identifying the Rapid and Clearance plane
locations for all operations generated for 2 and 2.5 Axis features in a Mill Part Setup.

Click the arrow in the Rapid plane is above section and select Top of Stock in the list.
Set the Distance to 1.00in and click OK.

This value is the distance above the specified location that defines the Z value of the
Rapid plane.

The message displays: The Rapid or Clearance Plane value for an operation is higher than
the value for the Mill Part Setup. Change the Mill Part Setup definition to the highest
operation value?
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11. Click Yes.
12. Right click Mill Part Setup1 and select Generate Toolpaths.
The toolpaths are regenerated based on the changed setting for the Rapid plane.
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2 Axis Mill 9
What You'll Learn

1.

2.
3.

Defining Features Interactively
Inserting Linear Pattern Features
Inserting Sketch Driven Pattern Features

Open the part file MILL2AX 15.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.
. Use the default Example Mill-mm.

Defining Features Interactively

1.

@ Click the Extract Machinable Features button on the CAMWorks toolbar or right
click NC Manager and select Extract Machinable Features.

AFR found an Irregular Corner Slot and a Hole feature. The Pocket features need to be
defined interactively. You can simplify the creation of multiple features by defining one
feature and then inserting a Pattern feature to array it to other positions. The toolpath
generated for Pattern features is generated only once on the original feature and copied to
each position, which reduces the calculation time.

Right click Holel in the tree and select Insert 2.5 Axis
Feature.

Set the Feature Type to Pocket.

Pick Sketch?2 in the list. The sketch is highlighted on
the part.

Click Next.

Pick Upto Stock for the end condition. CAMWorks
automatically calculates the Depth.

Click Finish, then click Close.
Right click Irregular Pocketl in the tree and select Generate Operation Plan.
The tree lists the operations that CAMWorks generated for this feature.

@ Click the Generate Toolpath button on the CAMWorks toolbar.

When you insert the Pattern feature, the toolpaths generated for this feature will be
automatically copied to each position. You can generate the operations and toolpaths
either before or after you insert a Pattern feature.
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Creating a Pattern Feature

In this exercise, you insert the Pattern feature using the Linear and Sketch Driven Patterns.

Click the CAMWorks Feature Tree tab.

—_—

2. Right click Irregular Pocketl in the tree and select Pattern, then select Insert Pattern.
3. In the Insert Pattern dialog box, select Linear Pattern for the Type.

4.+ Pick one of the horizontal edges of the part for the X direction (see figure).

5. ' Click the Reverse Direction button, if necessary, to point the arrow in the correct

direction (see figure).

6. <0 Type 25 for the incremental distance between features instances.

7. o Type 6 for the Number of instances. The feature instances in the X direction display
on the part as shown below.

Edge for X Direction Direction Arrow

8. «7* In the Direction 2 section, click in the direction box to set the focus, then pick one of
the vertical edges of the part for the Y direction.

' Click the Reverse Direction button, if necessary, to point the arrow in the correct
direction.

10. @ Type 40 for the incremental distance between features instances.

11, &% Type 2 for the Number of instances. The feature instances in the Y direction display
on the part as shown below.

Edge for Y Direction

Direction Arrow
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12. Click in the Instances to skip box to set the focus. Blue points display on each instance as

shown in the figure on the left.

13. Move the pointer over the point for the instance on the top right of the part until it turns
white, then click. The instance is removed and the point changes to red.

14. Click OK. Pattern1-Irregular Pocketl is listed in the Feature tree.
15. Click each operation in the Operation tree. Notice the toolpaths have been copied to each

instance.

You can also use a sketch to insert a Pattern feature.

1.
2.

Click the CAMWorks Feature Tree tab.

Right click Patternl-Irregular Pocketl in the tree, select Pattern, then select Remove
Pattern.

Click Yes to confirm you want to remove the Pattern feature.

The Pattern feature is removed. The original feature, Irregular Pocketl, and associated
operations and toolpaths are not deleted.

Right click Irregular Pocketl in the tree and select Pattern, then select Insert Pattern.
In the Insert Pattern dialog box, select Sketch Driven Pattern for the Type.
Pick Sketch Pattern in the list of Available valid sketches.

This box lists 2D sketches that contain arcs, circles or
point entities. A 2D or 3D sketch can also be graphically
selected. While the sketch can contain any entity type,
only the center point of circles, arcs or point entities
will be used to define the pattern feature locations.

The Sketch Pattern sketch consists of points on each of
the pockets.

Learning More 2 Axis Mill 2-29



2 Axis Mill 9

7. Notice that the pattern is not in the
correct position on the part. The @
white point on the pocket at the

bottom right identifies the point on @

the sketch that is the reference point

for the feature. The default is the

first point in the sketch. When this

point is not correct, you can change

it.

8. ﬂ ﬂ Click the Move to previous and Move 25
to next buttons to select the sketch point that ——» ia-? 2
positions the pattern correctly.

9. Click OK to insert the Pattern feature.

10. & | Click the CAMWorks Operation Tree
tab. Notice the toolpaths have been copied to
each instance.
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2 Axis Mill 10
What You'll Learn

1.

2.
3.

Defining Features Interactively
Inserting Circular Pattern Features
Inserting Sketch Driven Pattern Features

Open the part file MILL2AX 16.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.
. Use the default Example Mill-in.

Defining Features Interactively

1.

E Click the Extract Machinable Features button on the CAMWorks toolbar or right
click NC Manager and select Extract Machinable Features.

AFR found a Hole Group feature. The Pocket features need to be defined interactively.
You can simplify the creation of multiple features by defining one feature and then
inserting a Pattern feature to array it to other positions. The toolpath generated for Pattern
features is generated only once on the original feature and copied to each position, which
reduces the calculation time. /

Right click Hole Groupl1 in the tree and select 0 @

Insert 2.5 Axis Feature.
Set the Feature Type to Pocket.

Make sure the Check for taper & fillets option is % - o &

checked.
Pick the cyan face at the bottom of the pocket \ @

on the right side of the part.
Click Next.

Click the top face of the part to set the end
condition to Upto Face.

Click the Autodetect button in the 2.5 Axis side
wall section.

Click Finish.
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Define the 2.5 Axis feature for the circular pattern.

10. Use the same settings in the dialog box and ple
the cyan face at the bottom of the pocket
on the left side of the part. @ O

11. Click Next. @ E

12. Click the top face of the part to set the end
condition to Upto Face.

13. Click the Autodetect button in the 2.5 Axis side
wall section.

14. Click Finish, then click Close.

Creating a Pattern Feature
In this exercise, you insert the Pattern feature using the Circular and Sketch Driven Patterns.
1. Right click Irregular Pocketl in the tree and select Pattern, then select Insert Pattern.

2. In the Insert Pattern dialog box, select Circular
Pattern for the Type.

3. Pick the top edge of the hole to define the
rotation axis.

By default, four instances of the pocket are
rotated at 360 degrees around the axis.

4. Click OK.

5. Right click Rectangular Pocketl in the tree and
select Pattern, then select Insert Pattern.

6. In the Insert Pattern dialog box, select Sketch Driven Pattern for the Type.
7. Select Circular Sketch in the list of Available valid sketches.

This box lists 2D sketches that contain arcs, circles or point entities. A 2D or 3D sketch
can also be graphically selected. While the sketch can contain any entity type, only the
center point of circles, arcs or point entities will be used to define the pattern feature
locations. The Circular Sketch consists of points on each of the pockets.

8. Notice that the pattern is not in the correct f E T~

position on the part. The white point on the
pocket at the bottom identifies the point on the
sketch that is the reference point for the feature.
The default is the first point in the sketch. When
this point is not correct, you can change it.
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10.

11.

12.

13.
14.

2 Axis Mill 10

ﬂ Click the Move to previous button to select ( @

the sketch point that positions the pattern

correctly. O i
Click OK to insert the Pattern feature. @ ee My

Click the Generate Operation Plan button Oﬂ"%
on the CAMWorks toolbar or right click NC Py,
Manager in the tree and select Generation Sl }
Operation Plan.

The tree lists the operations that CAMWorks generated for these features.

+ Click the plus sign next to each operation in the tree and notice the operations have
been generated only for the original features, not each for instance in the Pattern features.
M Click the Generate Toolpath button on the CAMWorks toolbar.

Click the operations to view the toolpaths.

When you insert the Pattern feature, the toolpaths generated for this feature will be
automatically copied to each position. You can generate the operations and toolpaths
either before or after you insert a Pattern feature.
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For More Practice

Part1

Part2

The following exercises provide a chance for you to practice using CAMWorks. Instead of
the detailed steps in the previous exercises, only a brief description of the procedure is
included.

Since this part is rectangular, you do not have to machine the outside of the part. AFR will
find the holes and the pocket.

Open the part file MILLP1.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Change to the CAMWorks Feature tree.

Use the default Example Mill-mm, controller and active Tool Crib.

You can use the default bounding box for the stock.

Click the Extract Machinable Features button on the CAMWorks toolbar.

Right click on the Hole Group1 feature and
select Parameters. Change the Attribute to
Ream.

Click the Generate Operation Plan button
on the CAMWorks toolbar.

Click the Generate Toolpath button on the
CAMWorks toolbar.

Right click on the Mill Part Setup and select
Simulate Toolpath. Run the simulation.

Click the Post Process button on the
CAMWorks toolbar and generate the NC
code.

Since this part is rectangular, you do not have to machine the outside of the part. AFR will
find the holes, bosses, slots, pocket and corner slots.

Open the part file MILLP2.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Change to the CAMWorks Feature tree.
Use the default Example Mill-mm machine, controller and active Tool Crib.

Right click on the Stock Manager and select Edit Definition. Change the Bounding box
offset for X, Y and Z to a uniform 1mm.
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Click the Extract Machinable Features button on the CAMWorks toolbar.

Right click on the Hole Group2 feature and select Parameters. Change the Attribute to
Ream.

Click the Generate Operation Plan button on the CAMWorks toolbar.

Using the Sort Operations command, reorder to the operations so that the Rough Mill
operations are first, followed by the Contour Mill operations and finally the hole
operations.

Right click on the Mill Part Setup and
select Combine Operations to merge
operations that use the same tool.

In the Combine Operations dialog box,
select the Rough Mill, Contour Mill and
Center Drill options.

Click the Generate Toolpath button on the
CAMWorks toolbar.

Click the Simulate Toolpath button on the
CAMWorks toolbar. Make sure the Tool
Holder Cut Collision button i1s selected,
then run the simulation. Notice the holder
collides with the part.

Right click Rough Milll in the tree and select Edit Definition. On the Mill Holder tab,
change the Protrusion to 65mm.

This parameter defines the distance from the tip of the tool to the bottom of the holder.
This value is used to determine how much of the tool protrudes from the mill holder
during simulation. The protrusion length must be greater than the Flute length and less
than the Overall length.

Simulate the toolpaths again to see the difference. This time the holder clears the part.
Click the Post Process button on the CAMWorks toolbar and generate the NC code.
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Chapter 3 Learning 3 Axis Mill

This chapter provides an opportunity to learn 3 Axis Mill through a step by step hands-on
tour of the features and functions.

We recommend that you go through the exercises in Chapter 1 and Chapter 2 first. In
addition to learning how to generate 2 axis mill toolpaths, these exercises explain basic
functions and procedures that are used to generate both 2 and 3 axis mill toolpaths and NC
code.

The exercises in this chapter are intended to show you how to use CAMWorks and may not
correspond to actual machining practices.

IMPORTANT! The exercises in this chapter are intended to be used with the default
Technology Database that is supplied with this version of CAMWorks. If you have
modified the default Technology Database or imported customized data, the machining
sequences and operations data in your database may be different.

If necessary, you can temporarily link to the default Technology Database using one of the
following methods:

« Download the default CAMWorks Technology Database from the TekSoft web site
(www.teksoft.com). Save it in the examples folder inside the CAMWorks folder (e.g.,
\Program Files\CAMWorksxxxx\Examples). Then run the Link Database Wizard, browse
to the examples folder and select techdb.mdb. When you are finished with the exercises,
run the Link Database Wizard and link to the TechDB that contains the customized data.

or

« Reinstall CAMWorks. This reinstalls the default Technology Database. During
installation, a backup is made of the techdb.mdb file that contains the customized data.
When finished, move the backup to the active techdb.mdb location.
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This exercise introduces you to generating toolpaths and NC code for 3 axis machining.

What You'll Learn

Defining the Machine, Stock and Machining Direction

1.

2.

Open the part file MILL3AX 1.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.

Define the machine;

3.

6.

2 Right click Example Mill-in in the Feature tree and select Edit Definition.
The Machine dialog box displays.
On the Machine tab, Example Mill—in is the Active machine.

This machine definition has been created for the CAMWorks exercises. When you use
CAMWorks to machine your own parts, select the machine tool you want to use to
machine the part.

Click the Tool Crib tab and make sure Crib 1 is the Active tool crib.
Click the Controller tab and make sure FANTUTM is selected.

FANTUTM is the controller used for the exercises in this manual. When you use
CAMWorks to machine your own parts, select your machine tool controller or post
processor.

Click OK to close the Machine dialog box.

Define the stock size and shape:

7.
8.

10.

11.

O Right click the Stock Manager and select Edit Definition on the shortcut menu.
In the Manage Stock dialog box,
click the Extruded Sketch button.
Pick the rectangular sketch

representing the perimeter
of the stock.

E‘ Click the Reverse Direction
button.

<0 Set the Depth to 1.5in, then
click OK.
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Define the machining direction, which will be normal to the face indicated below:

3 Axis Mill 1

12. Right click Stock Manager in the Mill Part Setup X
Feature tree and select Insert Mill Part e —
Setup on the shortcut
menu. M;e?:fn::t;?planes : Selected entity

13. Pick the top face. CW Face-0

14. Make sure the Face Plane3 sz

option is not

Pz

.0
checked, then click Yo 0
OK. Z: 1

Mill Part Setupl is s Create feature
added to the tree. [JFace
[] Perimeter

[ DK H Cancel ]

Creating a Multi Surface Feature
In this exercise, AFR is not used since there are no 2.5 axis features on the part for AFR to
find. You add the Multi Surface feature interactively.
Define a Multi Surface feature that includes the faces on the part to cut.

1. Right click Mill Part Setup1 and select Insert

Multi Surface Feature on the shortcut menu. Multi Suface Featurs

The Insert Multi Surface Feature dialog box
displays.

Faces to cut : J0Faces

Cw Face-3

Select mode

Click the Select all and associate option.
The Faces to cut box lists the selected faces.\

Set the Attribute to Rgh-Lace, Fin-Slice. This

Cwf Face-2
Cw Face-4
Cw Face-h
W Face-1
Cw Face-B
Cw Face-0
\ Cwf Face-7

+

attribute is defined in the Technology Database to
generate an Area Clearance operation with a Lace
Pattern and a Pattern Project operation with a Slice
Pattern.

U Did You Know ...
When you define Multi Surface features for 3
Axis operations (except Rough and Finish),
the most reliable results are usually obtained
by picking all model faces as Faces to Cut.
Using Faces to Avoid is not recommended. If
you need to restrict machining to specific
areas, use the Insert Contain and Insert Avoid
commands at the operation level.

[v Select all and associate

] Shaw nomal

Action

2|

Faces to avoid for 3awis : 0 Faces

Feature Parameters

Attribute -
Rgh-Lace, Fin-Slice -

Close ] [ Help
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3. Click Insert, then click Close. The Multi Surface ¥ NCManager

feature is listed in the Feature tree. C stock Manager[1005]
i. Example Mill-in

New features, interactively inserted features that =53 will Part Setupi

have no operations and features that could not < Multi Surface Featurel [Rgh-Lace, Fin-Slice]
produce operations because the feature conditions Recycle Bin

have not been defined in the Technology

Database display in a different color. You can set the color on the Display tab in the
Options dialog box.

Generating an Operation Plan and Modifying Operation Parameters

1.

Click the Generate Operation Plan button on the CAMWorks toolbar or right click
Mill Part Setupl in the Feature tree and select Generate Operation Plan.

The Operation tree lists Area Clearance and Pattern Project operations.
Double click Area Clearancel in the tree and select Edit Definition.
Click the Tool Crib tab. Tools

1glick the check box to the left of the Filter button, then click the Filter
utton.

The Tool Select Filter dialog box displays. This dialog box allows you to set filters for
displaying and selecting tools.

Click the check box for the Filter by option to the right of the Type list box.
Select Flat End for the Tool type and click OK.

to display only Flat End
tOOlS Advanced Rest Posting Statistics
) Tool F/S Pattem Area Clearance MNC Links Entry/R
When you set a tool filter
for an operation, the setting AGs AR AR S Todl O%
is stored and becomes the T
default for that type of Tools
operation. You can change Fitter Usage| tn. No, Tool Type| Dia. |Rad,|Tip Angle| _C 4
: . 13 | Flat End 0.375in | Oin HS55
the filter settings as required 14 FatEnd 03750 Toin Hes
or turn off the filter by 15| FlatEnd | 0.4375in | Oin HS5
clearing the check box. Elmmm_m
17 | Flat End 0.5in Oin HSS
Select a 051n dlameter 18 | Flat End 0.5825in | Oin HS5S
189 | Flat End 0.625in | Oin H55

Flat End, then click the From lbrary
< - Select button.

8. Click Yes to replace the corresponding holder.
9. Click the Area Clearance tab.
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10.

11.

12.

13.

14.
15.

16.

17.

18.
19.

20.

3 Axis Mill 1

Set the Mach. deviation to

.0051n. This parameter

. Advanced Rest Pasting Statistics
deﬁl’lCS a tolerance that 1S Tool F/S Pattem Area Clearance NC Links Entry/Fe
used to condense or shorten oo frich P

the toolpath. The smaller the
value, the greater the
number of linear cuts and

the smoother the surface
ﬁl’liSh. Facet deviation : Ma. XY stepover : |0.7in

XY Allowance : | 0.025n Method : | Variable & Flats

<

Z allowance : |0.025in Cut amourt : |0.25in

4k 4 43

Mach. deviation : |0.005in Min. cut amourt : | 0. 185N

4k 4r 4F A)

For the Depth parameters [] Use dlobal facet deviation Level accuracy : |0 005n
Method, select Variable & Direction control

Flats. Milling type : (¥} Climb

Leave the Cut amount set to ) Conventional L

02511’1 First cut from : | Top of Stock | »
Set the Min. cut amount to Offset. : [Oin 3
0.125in and the Max XY Last cut at : | Bottom of Stock %
stepover to 0.1in, then click Offset - |Oin -
OK.

Double click Pattern Projectl in the tree.

On the Pattern tab, notice that the Pattern is set to Slice as defined for the Rgh-Lace, Fin-
Slice attribute in Technology Database. This pattern generates a series of linear parallel
cuts across the part and is appropriate for semi-finishing almost any part shape and
finishing non-vertical areas.

Set the following parameters on the Pattern tab:

— Cross machining = Standard (This option allows you to automatically generate a
second perpendicular toolpath on areas that are not machined or on poorly finished
faces. The second toolpath is calculated by rotating the previous toolpath 90 degrees.
The Standard option generates a perpendicular toolpath after the Slice toolpath.

— Extension = 0.1in (Specifies the length a pass extends past the edge of the boundary to
allow the tool to move into the cut at machining feedrate rather than rapid feedrate.)

— Staydown = checked (This parameter affects how the tool transitions within contain
areas and around avoid areas. When checked, tool retracts are minimized, however,
additional feed motion is possible.)

On the Finish tab, make sure the XY and Z allowances are Oin. This value represents the

amount of material left on the part after generating the toolpath.

Set the Mach. deviation to .005in.

On the Entry/Retract tab, use Skim for the Retract Method.

With this method, the tool rapids vertically to the minimum Z height needed to clear the

faces in the feature, moves horizontally, then feeds vertically down to the start of the next
pass. The minimum height of the retract is determined by the Skim clearance parameter.

Click OK.
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Generating Toolpaths and Post Processing
Generate toolpaths, simulate material removal and post process:

X

—

Click the Generate Toolpath button on the CAMWorks toolbar.

2. Click each operation in the tree to view the toolpath.
3. Right click Mill Part Setup1 and select Simulate Toolpath.

s X

Click the Turbo mode button on the Simulate Toolpath toolbar.

Turbo mode provides ultra-fast simulation of toolpaths on a single Mill Part Setup.

5. L]
6. &3
7. &

Click Run.
Click the X button to exit the simulation.

If you were generating the NC program for the toolpaths, the last step would be to

click the Post Process button on the CAMWorks toolbar and post process the part.
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3 Axis Mill 2

What You'll Learn

+ Inserting a Mill Part Setup
« Creating a Multi Surface Feature
+ Generating Area Clearance and Z Level toolpaths

« Using Contain and Avoid areas and user-defined limits to selectively machine within
specified areas

1. Open the part file MILL3AX 2.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

2. Click the CAMWorks Feature Tree tab.
Define the machine:
3. & Right click Example Mill-in in the Feature tree and select Edit Definition.

— On the Machine tab, Example Mill—in is the Active machine.
— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.

— Click the Controller tab and make sure FANTUTM is selected, then click OK to close
the Machine dialog box.

Define the stock:
4. O Right click the Stock Manager in the tree and select Edit Definition on the shortcut

menu.
5. In the Manage Stock dialog box, click the % |
Extruded Sketch button.

6. Pick the rectangular sketch that represents

the stock. \
7. E‘ Click the Reverse Direction button.

: ) Set the Depth to 1.3in, then click OK.

(o]
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Inserting a Mill Part Setup and Creating a Multi Surface Feature
Insert the Mill Part Setup and create a Multi Surface Feature: ' ) / B |

1.

2
3.
4

o

Right click the Stock Manager and select Insert Mill Part Setup.
Pick the top of one of the rounds cone as shown in the figure. !
Make sure the Face option is not checked, then click OK.

Right click the Mill Part Setup in the tree and select Insert Multi .
Surface Feature.

Click the Select all and associate option to select it. "on
For the Attribute, select Coarse.
Click Insert, then click Close.

- Did You Know ...
When you define Multi Surface features for 3 Axis operations (except 3 Axis Rough
and Finish, the most reliable results are usually obtained by picking all model faces
as Faces to Cut. Using Faces to Avoid is not recommended. If you need to restrict
machining to specific areas, use the Insert Contain and Insert Avoid commands at the
operation level.

Generating Area Clearance Toolpaths
Generate operations and toolpaths:

—_

2 e

9.

Click the Generate Operation Plan button on the CAMWorks toolbar.

Right click Area Clearancel in the Operation tree and select Edit Definition.

Click the Tool Crib tab, highlight a .375in Flat End mill and click the Select button.
Click Yes to replace the corresponding holder.

On the Pattern tab, set the Pattern to Lace.

On the Area Clearance tab, use Constant
for the Method and set the Cut amount to
0.2in.

On the Links tab, pick To depth by region
for the Depth processing, use Round
Corners and set the Max radius and Part
deviation to 0.0375in.

On the Entry/Retract tab, use Skim for the
Retract Method and set the Max. Ramp
angle to 20deg.

Click OK.

10. Right click Area Clearancel in the tree and select Generate Toolpath.
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Inserting Contain Areas to Selectively Machine Areas

Depending on the machining requirements, you may want to insert a contain area to rough
only the top of the part:

1.

Right click Area Clearancel in the tree and
select Edit Definition.

On the Advanced tab, change the Automatic
contain area Method to Outer Silhouette.

With this method, the XY shape of the contain
area is based only on an outer XY silhouette of
the faces to cut in the Multi Surface feature.

Click OK.

When you click OK, the Update 3 axis
toolpaths when parameters change option on
the Update tab in the Options dialog box
controls if 3 axis toolpaths are updated automatically. If this option is set to Prompt, a
message displays asking if you want to regenerate toolpaths. Click Yes. If set to Always,
CAMWorks automatically regenerates the toolpaths. If set to Never, right click the
operation in the tree and select Generate Toolpath on the shortcut menu.

4% Did You Know ...
For 3 Axis operations (except 3 Axis Rough and Finish), the XY extents will be
within a contain area while machining over and around the faces and surfaces in the
Multi Surface feature. The contain area can be defined either automatically on the
Advanced tab in the Operation Parameters dialog box or interactively using the Insert
Contain Area command.
The priority is to observe the XY shape of any interactively defined contain areas. If
interactively defined contain areas are suppressed or not defined, then an
automatically generated XY contain area will be used.

You may want to rough only the cavities:

4.
5.

9.

Right click Area Clearancel in the tree and select Insert Contain Area.

In the Curve Wizard: Select Geometry dialog box,
set the Selection filter to Convert to loop.

Set the Shape to Multiple.

Pick a top edge on each cavity, then click Finish.

CAMWorks automatically chain selects all other
edges connected to that edge at a constant depth.

Right click Area Clearance 1 in the tree and select
Edit Definition.

On the Pattern tab, change the Pattern to Pocket Out.

10. On the Links tab, set the Offset deviation to 0.0375in, then click OK.
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When you click OK, the Update 3 axis
toolpaths when parameters change option on
the Update tab in the Options dialog box
controls if 3 axis toolpaths are updated
automatically. If this option is set to Prompt, a
message displays asking if you want to
regenerate toolpaths. Click Yes. If set to
Always, CAMWorks automatically regenerates
the toolpaths. If set to Never, right click the
operation in the tree and select Generate
Toolpath on the shortcut menu.

11. Right click Mill Part Setup1 ! !
in the tree and select Set
View, then pick Setup XZ. 5 ? s

12. Click the operation in the tree = —— ]
. =1 |
and notice the amount of 1 % F =

material at the bottom of the
cavities.

CAMWorks provides a Variable & Flats method, which inserts additional cuts in the
toolpath at a Z location equal to the Allowance above any flat face between the top and
bottom of the surface. These flat faces may define ledges or island tops. When this option is
selected, the distance between tool passes varies based on the settings for Min. cut amount,
Max. XY stepover, and Level accuracy.

13. Right click Area Clearancel in the tree and select Edit Definition.

14. On the Area Clearance tab,
change the Method to = |

]

=

Variable & Flats, set the

Min. cut amount to 0.051n, = I

then click OK. | l_g,LHr
15. Generate the toolpath and

notice the additional levels.

Generating Z Level Toolpaths

The Z-Level cycle is a surface finish contouring cycle that removes material by making a
series of horizontal planar cuts. The cuts follow the contour of the surface at different levels.
Cutting starts from the highest location on the model and works down. Z-Level has unique
characteristics that make it appropriate for steep walled areas. This cycle is generally not
used on parts with flat or near flat faces.

Insert a Z-level operation:
1. Right click Area Clearancel in the tree and select Insert 3 Axis Mill Operation.
2. Set the Operation to Z Level.
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10.
11.

12.

3 Axis Mill 2

Highlight Multi Surface Featurel in the Features list.

Make sure the Edit definition option is checked, then click Insert.

Click the Tool Crib tab, highlight a .25in Ball Nose tool, then click Select.
Click Yes to replace the corresponding holder.

On the Z Level tab, set the Cut amount to
0.08in.

On the Links tab, make sure To depth by
region is selected for Depth processing.

On the Entry/Retract tab, use Skim for the
Retract Method and set the Max. ramp
angle to 20deg.

Click OK.

Click Close to close the Insert Operation
dialog box.

Right click Z Levell in the tree and select Generate Toolpath.

Inserting an Avoid Area to Selectively Machine Areas

Depending on machining requirements, you may want to cut around only the outside of the
part. ===

1.

Right click Z Levell in the tree and select
Insert Avoid Area.

Pick the top face of the part and click
Finish.

Right click Z Levell in the tree and select
Generate Toolpath.

Using User-defined Limits to Machine Specific Areas
Insert a Z Level operation and limit the toolpath to cut around the cones with a tapered tool:

1.
2.

N oo o &

Right click Z Levell in the tree and select Insert 3 Axis Mill Operation.
Set the Operation to Z Level.

Remove the check mark from the Use default parameters option to copy the parameters
from the Z Levell operation.

Highlight Multi Surface Featurel in the Features list.

Make sure the Edit definition option is checked, then click Insert.
Click the Tool Crib tab and select a .251n Flat End Tapered tool.
Click Yes to replace the corresponding holder.
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10.

11.
12.

13.

14.
15.

16.

17.
18.
19.

20.

21.

22
23

Finishing

On the Tapered Tool tab, make sure the Taper angle to 10deg.
Click the Z Level tab.
In the Limits section, select User Defined for the First cut from option.

X Click the Pick Point button. T fopedge . bottomedge

Pick the top edge of one of the cones, then
click OK to close the dialog box.

Select User Defined for the Last Cut at
option.
8 Click the Pick Point button.

Pick the bottom edge of the cone and click é é
OK. e 5

Click OK to close the dialog box.

You do not need to change any other parameters since you copied the parameters from
the previous operation.

Click Close to close the Insert Operation dialog box.

Left click the + next to Z Level2 in the tree.

Right click Avoid Area2, select Delete on
the shortcut menu, then click Yes.

When you insert an operation and copy
parameters from another operation, contain
and avoid areas associated to that operation
are also copied.

Right click Level2 in the tree and select
Generate Toolpath. Only the area around the
cones is cut.

Right click Z Level2 in the tree and select
Simulate Toolpath.

: LI Click Run. The tapered tool cuts around the cones.
: &3 Click the X button to exit the simulation.

the Flat Areas

You can use a Flat Area operation to machine the flat areas on this part. The Flat Area cycle

us

es a roughing pattern to remove material on the z-levels of flat faces between the top and

bottom of the surface. CAMWorks generates toolpaths only on completely flat areas.

Note that you could also interactively define 2.5 Axis features for the flat areas, then
generate 2 Axis operations.
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Insert a Flat Area operation:

1.

N o o~ DN

10.

Right click Z Level2 in the tree and select Insert 3 Axis Mill Operation.
Set the Operation to Flat Area.

Highlight Multi Surface Featurel in the Features list.

Make sure the Edit definition option is checked, then click Insert.

Click the Tool Crib tab and select a .375in Flat End tool.

Click Yes to replace the corresponding holder.

On the Links tab, make sure To depth by
region is selected for the Depth
processing.

On the Entry/Retract tab, use Skim for
the Retract Method, set the Max. ramp
angle to 20deg, then click OK.

Click Close to close the Insert Operation
dialog box.

Right click Flat Areal in the tree and
select Generate Toolpath.

CAMWorks generates toolpaths on the
flat areas.
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3 Axis Mill 3

CAMWorks allows parts to be machined using any combination of 2 and 3 Axis machining
operations.

What You'll Learn

« Creating 2.5 Axis and Multi Surface features and operations for the same part.
. Inserting a contain area to control the area machined on the Multi Surface feature.
« Generating Pattern Project toolpaths using the Cross machining option.

. Inserting a Pencil Mill operation.

Using AFR to Identify 2.5 Axis Features

1. Open the part MILL3AX 3.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

2. Click the CAMWorks Feature
Tree tab.

This part needs to be machined with a
combination of both 2 axis and 3 axis
machining operations. The 2.5 axis
features include the counterbored holes
and the two pockets on either end of the
main cavity. The cavity itself has
tapered walls as well as a tapered
bottom, which necessitates a 3 axis
machining operation.

3. 2 Right click Example Mill-in in the
Feature tree and select Edit Definition.

— On the Machine tab, Example Mill—in is the Active machine.
— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.
— Click the Controller tab and make sure FANTUTM is selected, then click OK to close
the Machine dialog box.
4. © Right click Stock Manager in the tree and select Edit Definition.
The default bounding box displays on the part.
5. Click OK to use the default stock for this exercise.

When a part contains 2.5 axis features, normally the next step is to allow CAMWorks to
identify features automatically using Automatic Feature Recognition. Then, if AFR does not
recognize features that you are certain could be machined with 2 axis cutting cycles, you can
define the features interactively with the Insert 2.5 Axis Features command.
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6. E Click the Extract Machinable Features button on the CAMWorks toolbar or right

click NC Manager and select Extract Machinable Features.

CAMWorks finds two features: a Rectangular -5 Mill Part Setupl
Pocket Group that includes the two rectangles at +-{@) Rectangular Pockst Group! [Rough Firish]
the ends of the cavity and a Counterbore Hole -] Counterbore Hole Group2 [Dril]

Group that includes the four counterbore holes.

Creating Multi Surface Features
Add the Multi Surface feature interactively:

1.

Right click Mill Part Setupl and select Insert Multi Surface Feature on the shortcut menu.

The Insert Multi Surface Feature dialog box displays. A Multi Surface feature consists of
a list of faces to cut and optionally a list of faces to avoid.

Click the Select all and associate option.
The Faces to cut box lists the selected faces. The Select all and associate option selects all
faces that can be machined from any machining direction.

4 Did You Know ...
When you define Multi Surface features for 3 Axis operations (except 3 Axis Rough
and Finish), the most reliable results are usually obtained by picking all model faces
as Faces to Cut. Using Faces to Avoid is not recommended. If you need to restrict
machining to specific areas, use the Insert Contain and Insert Avoid commands at the
operation level.

Set the Attribute to Rgh-Lace, Fin-Slice, then click Insert and Close.

A Multi Surface feature is created and Multi Surface Featurel is added to the Feature
tree.

Click the Generate Operation Plan button on the CAMWorks toolbar or right click
Mill Part Setupl and select Generate Operation Plan.
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Modifying Operation Parameters and Inserting Contain Areas

Before generating toolpaths for the Multi Surface feature, you can change machining
parameters and create a contain area to machine only the cavity:

1.

10.

11.

12.

13.

14.

Right click Pattern Projectl in the Operation tree and select Insert Contain Area on the
shortcut menu.

In the Curve Wizard: Select Geometry dialog box, change the Selection filter to Convert
to loop.

Pick an edge around the top of the
cavity.

The Entities selected list displays Loop
<1>.

Click Finish.

Right click Area Clearancel in the tree
and select Edit Definition on the
shortcut menu.

Click the Tool Crib tab and select a
.18751n Flat End mill.

Click Yes to replace the corresponding
holder.

Click OK to close the dialog box.

L2 Click the Generate Toolpath button on the CAMWorks toolbar.
Toolpaths are generated for all the operations.

E Click the Simulate Toolpath button
on the CAMWorks toolbar.

Set the End condition to Next
Operation.

EI ﬂ Click the Turbo button, then

click Run to view each toolpath
simulation.

!I Click the Show Difference button
and notice the amount of material left
on the tapered areas of the cavity and
around the boss.

Exit the simulation.
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Generating Toolpaths Using Cross Machining

1.
2.

Right click Pattern Projectl in the tree and select Edit Definition.
On the Pattern tab, change the Cross machining parameter to Standard.

When Slice is selected, Cross machining allows you to automatically generate a second
perpendicular toolpath on areas that are not machined or on poorly finished faces. The
second toolpath is calculated by rotating the previous toolpath 90 degrees. When
Standard is selected, a perpendicular toolpath is generated after the Slice toolpath.

Click the Staydown option to select it.

This option affects how the tool transitions within contain areas and around avoid areas.
With Staydown selected, tool retracts are minimized but additional feed motion is
possible.

Click OK.

When you click OK, the Update 3 axis
toolpaths when parameters change
option on the Update tab in the Options
dialog box controls if 3 axis toolpaths
are updated automatically: If this
option is set to Prompt, a message
displays asking if you want to
regenerate toolpaths. Click Yes. If set
to Always, CAMWorks automatically
regenerates the toolpaths. If set to
Never, right click the operation in the
tree and select Generate Toolpath on
the shortcut menu.

The tapered areas of the cavity are
machined by the cross machining toolpath.

Inserting an Pencil Mill Operation

1.

© N o o &~ w DN

Right click Pattern Projectl in the tree and select Insert 3 Axis Mill Operation.
Set the Operation to Pencil Mill.

Highlight Multi Surface Featurel in the Features list.

Click Insert.

On the Mill Tool tab, make sure the tool is a .25in Ball Nose.

On the Pattern tab, set the Pattern to Parallel Lace

On the Links tab, set the Max. link distance to .251n, then click OK.

Click Close to close the Insert Operation dialog box.
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9. Right click Pencil Milll and select
Insert Contain Area.

10. In the Curve Wizard: Select Geometry
dialog box, change the Selection filter
to Convert to loop.

11. Pick an edge around the top of the
cavity, then click Finish.

12. Right click Pencil Milll and select
Generate Toolpath.

The toolpath cuts the area around the
boss.

13. ﬂ Click the Simulate Toolpath button
on the CAMWorks toolbar.

14. Set the End condition to Next Operation.

15. i ﬂ Click the Turbo button, then click Run to view each toolpath simulation.

16. ! Click the Show Difference button and notice that all the material is removed.

17. m Exit the simulation.
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3 Axis Mill 4
What You'll Learn

Inserting a Mill Part Setup

Creating a Multi Surface Feature

Defining program zero

Adjusting operation parameters and generating toolpaths

Generating Constant Stepover, Pattern Project and Pencil Mill toolpaths

Defining the Machine and Machining Direction

1.

Open the part file MILL3AX 4.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

This part is an imported surface model. The rectangular shape of the part creates a
bounding box material block that works well for machining the part.

Click the CAMWorks Feature Tree tab.

X Right click Example Mill-in in the tree and select Edit Definition.

— On the Machine tab, Example Mill—in is the Active machine.
— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.

— Click the Controller tab and make sure FANTUTM is selected, then click OK to close
the Machine dialog box.

O Right click Stock Manager in the tree and select Edit Definition.

Mill Part Setup X

The default bounding box displays on

the part. -
S
Click OK to use the default stock for
th . Puis definition
1S CXCICISe. Reference planes : Selected entity
Right click the Stock Manager and L Plane4
select Insert Mill Part Setup. F‘I:::E Reverse direction
) ) [
The Mill Part Setup dialog box : X: 0
displays. Y-
Select Plane4 from the list of Z:0
Reference planes. Create feature
[JFace
[] Perimeter
oK ] [ Cancel
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8. Select the Reverse direction option to
flip the Z axis up.

9. Make sure the Face option is not
checked, then click OK.

The new Mill Part Setup is listed in the
Feature tree.

Creating a Multi Surface Feature

In this exercise, AFR will not be used since there are no 2.5 axis features on the part for AFR
to find. You add the Multi Surface feature interactively.

1. Right click Mill Part Setupl in the tree and select Insert Multi Surface Feature.
The Insert Multi Surface Feature dialog displays.
2. Click the Select all and associate option.

4% Did You Know ...
When you define Multi Surface features for 3 Axis operations (except 3 Axis Rough
and Finish), the most reliable results are usually obtained by picking all model faces
as Faces to Cut. Using Faces to Avoid is not recommended. If you need to restrict
machining to specific areas, use the Insert Contain and Insert Avoid commands at the
operation level.
3. Set the Attribute to Rgh-Lace, Fin-3D Stepover, Pen-Lace.

This attribute has been defined in the TechDB to generate an Area Clearance operation
with a Lace Pattern, a Constant Stepover operation and a Pencil Mill operation.

4. Click Insert, then click Close.
The new Multi Surface feature is listed under the Mill Part Setup in the Feature tree.

Defining Program Zero

1. Click the Generate Operation Plan button on the CAMWorks toolbar or right click
the Multi Surface feature and select Generate Operation Plan.

2. Right click on the Mill Part Setup in the Operation tree and select Edit Definition.
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The Part Setup Parameters dialog box

displays. This dialog box allows you to — _ —
change the parameters Of the M111 Part Origin | fods Cffset | Indexing || Advanced | Statistics | NC Planes
Setup you inserted earlier. Origin
U
3. Select Stock vertex and leave the L
corner as shown. a T Z:
The XYZ zero location is now set at O Vertex
the theoretical top corner of the O Arc center
material and the Mill Part Setup
indicator moves to that position in the O Top center
graphics area. O Mid center
This is good practice and will assure gamm center
that your default rapid moves will not Sockvetex o O
—0
contact the part. | EHD“__—;O |
4. Click OK. O{j:;;_r——f;@

Adjusting Operation Parameters and Generating Toolpaths
1. Right click Area Clearancel in the tree and select Edit Definition.
The Operation Parameters dialog box displays.
2. On the Pattern tab, set the Cut angle to 90deg.

3. On the Area Clearance tab, set the following parameters:

— XY allowance = 0.01in

— Z allowance = 0.01in

— Method = Variable & Flats
— Cut amount = .25in

— Min. cut amount = 0.1in

— Max. XY stepover = 0.1in

4. On the Entry/Retract tab, use Skim for the Retract Method and set the Ramping Method
to Ramp, then click OK.

5. Right click Area Clearancel in the tree and select Generate Toolpath.

Editing the Constant Stepover Operation to Cut the Mouse

The Constant Stepover operation removes material by maintaining a constant user-defined
stepover.

1. Right click on Constant Stepoverl in the tree and select Edit Definition.
2. On the Constant Stepover tab, make sure the Method is set to 3D Stepover.
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When 2D Stepover is selected, the distance between each pass will be constant and equal
to the Horizontal cut amount, as viewed from the XY direction. This method produces a
consistent surface finish on feature faces that do not have a steep slope angle. Because the
stepover is constant in the XY plane, the surface finish on feature faces that are vertical
or have a steep slope angle will not be as good.

The 3D Stepover method generates a semi-finish or finish toolpath with a true constant
stepover regardless of the slope of the feature faces. In shallow areas the stepover will be
equal to the Horizontal cut amount and in steeper areas the stepover will be equal to the
Vertical cut amount. This method produces the most consistent surface finish on features
whose faces have either shallow or steep slope angles.

3. Set the Horizontal and Vertical cut amounts to 0.05in, then click OK.

4. Right click Constant Stepoverl in the tree and select Insert Contain Area on the shortcut
menu.

5. Pick each edge around the mouse.
6. Set the Offset to 0.1875in.

This value is the radius of the tool and allows the tool
to machine to the bottom of the mouse. Notice the
offset curve that is generated from the selected edges.
The toolpath will be created inside of this bounding
curve.

7. Click the Finish button to close the dialog box.

8. Right click Constant Stepoverl in the tree and select
Insert Avoid Area on the shortcut menu.

9. Pick the edge around the top of the hole.
10. Check the Machine over option, then click
Finish.
For this exercise, you can assume the hole
will be drilled later. This option controls

whether CAMWorks machines over or
around the avoid area.

11. Right click Constant Stepoverl in the tree
and select Generate Toolpath.

12. ﬂ Click the Simulate Toolpath button on
the CAMWorks toolbar.

13. Set the End condition to Next Operation.
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14. il Ll Click the Turbo button, then click Run to view each toolpath simulation.

2D Stepover 3D Stepover

15. In the above figures notice that with the 2D Stepover method the surface finish on the
vertical feature faces is not as good as the finish with the 3D Stepover method.

16. Click the X button in the upper right corner of the simulation toolbar or press the
Escape key on the keyboard to exit the simulation.
Inserting a Pattern Project Operation to Cut the Base
1. Right click on Constant Stepoverl in the tree and select Insert 3 Axis Mill Operation.
Set the Operation to Pattern Project.
. Highlight Multi Surface Featurel in the Features list.
. Leave the Edit Definition option checked, and click Insert.

2
3
4
5. On the Pattern tab, use Slice for the Pattern and check the Staydown option.
6. On the Finish tab, make sure the Direction control is set to Zigzag.

7. On the Links tab, set the Max link distance to .251n, then click OK.

8. Click Close to close the Insert Operation dialog box.

Insert a Contain Area to cut only the top of the base:

9. Right click Pattern Projectl in the tree and select Insert Contain Area.

10. In the Curve Wizard: Select Geometry dialog box, pick Sketchl, set the Tool condition to
On and click Finish.

Insert an Avoid Area to avoid machining the mouse:

11. Right click Pattern Project] in the tree and select Insert Avoid ~a
Area on the shortcut menu.

12. Pick each edge around the mouse.
13. Set the Tool condition to Upto and click Finish.

14. Right click Pattern Projectl in the tree and select Generate
Toolpath.
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15.

16.

17.

18.

19.

CAMWorks generates the toolpath on the
base and avoids the mouse.

ﬂ Click the Simulate Toolpath button on
the CAMWorks toolbar.

Set the End condition to Next Operation.

i Ll Click the Turbo button, then click
Run to view each toolpath simulation.

! When the simulation is finished, click
the Show Difference button.

This function shows the difference between
the machined model and the SolidWorks design model. Note the blue area at the parting
line showing material left over by the radius of the ball tool.

iﬂ Exit the simulation.

Editing the Pencil Mill Operation to Cut Parting Line

1.
2.
3.

Right click on Pencil Milll in the tree and select Edit Definition.
On the Mill Tool tab, make sure the Cut diameter 1s .1251n.

On the Pattern tab, the Pattern is set to Parallel Lace.

This method generates multiple parallel passes to remove the material. The distance

between passes is equal to the Cut amount.

Set the following parameters:

— Bitangency angle = 30deg.

— Method = 3D Stepover (in shallow areas the stepover will be equal to the Horizontal
cut amt. and in steeper areas the stepover will be equal to the Vertical cut amt.)

— Number of Cuts = Checked with 5 cuts

— Horizontal & Vertical cut amt. = 0.04in

Click OK.

Right click Pencil Milll in the tree and
select Insert Avoid.

Pick the top edge of the hole and click
Finish.

Right click Pencil Milll in the tree and
select Generate Toolpath.
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For a Pattern Project operation, the Flowline pattern has unique characteristics that make it
appropriate for machining areas that are defined using SolidWorks loft or sweep features.

The Flowline pattern produces toolpaths based on two user-specified curves. The toolpath
can be generated parallel to (Along) or between (Across) the two curves. The curves can be
either open or closed.

What You'll Learn

Generating Flowline machining toolpaths using curves to direct the flow of the toolpath
Using contain and avoid areas to modify toolpaths

Define the Mill Part Setup and insert the Multi Surface feature:

1.

10.

11.

12.

Open the part file MILL3AX S.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.
2 Right click Example Mill—in in the tree and select Edit Definition.

— On the Machine tab, Example Mill-in is the Active machine.
— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.

— Click the Controller tab and make sure FANTUTM is selected, then click OK to close
the Machine dialog box.

O Right click the Stock Manager and select Edit Definition.
Click OK to use the default Stock for this exercise.

Right click the Stock Manager and select Insert
Mill Part Setup.

The Mill Part Setup dialog displays.
Select Plane2 from the list of Reference planes.
Select the Reverse direction option.

Make sure the Face option is not checked, then
click OK.

Right click Mill Part Setupl in the tree and select
Insert Multi Surface Feature.

In the Insert Multi Surface Feature dialog box,
click the Select all and associate option.

Set the Attribute to Fine, then click Insert and Close.
This attribute has been set up in the TechDB to generate one Pattern Project operation.
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Generating Toolpaths Using the Flowline Pattern
Generate an Operation Plan, modify parameters and generate toolpaths:

1. Click the Generate Operation Plan button on the CAMWorks toolbar.

2.

in the tree and select Edit

. Rest [ Pasting I Statistics
Definition. | Tod | F/S | Patem | Fnish | NC | Lnks | Eriny/Retmct | Adv
3. On the Pattern tab, set the Pattem type XY stepover
Pattern to Flowline and . Patem - [Foine 3 Mebod [Das |
select the Staydown option.
. Cut it : | 0.05
4. In the Curve section, set the e
Cut option to Along. SRR
5. Click the Curve 1 button. - _ Stepover® [0 |
attem options
The Curve 1 and Curve 2
Cut angle : __
buttons in this section are -
used to choose the sketch Cross machining = 2=
curves to direct the toolpath. Minimum radius -
Each of the 2 curves must Maimum radius - R
Soidwere o ca: ©
' End angle - Curve 2.. O Across
6. In the Curve Wizard: Select e
Geometry dialog box, select Btenson - [0 |
Flow 1 in the Available Clockmwise
sketches list. [] Reverse stepover
Flow 1 displays in the [¥] Staydown

Entities selected list and the
curve is highlighted on the part.

Optionally, you can add an offset to the
curve if needed. For this exercise, an offset
is not needed.

Click Finish.
Click the Curve 2 button.

In the Curve Wizard: Select Geometry
dialog box, select Flow 2 in the Available
sketches list, then click Finish.
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10. On the Finish tab, set the Mach. Deviation to
.0011n.

11. On the Links tab, set the Type to Spline Curve

and the Max. link distance to 2in, then click
OK.

12. M Click the Generate Toolpath button on the
CAMWorks toolbar.

The toolpath starts in the direction of the first
curve, then translates to the shape of the second
curve as it progresses.

Defining Contain and Avoid Areas to Modify Toolpaths

Finish toolpaths for Multi Surface features can be modified to stay contained within an area
or to avoid a specified area. Contain and avoid areas can be used to selectively machine
within specified areas for re-machining or other purposes.

1. Right click Pattern Projectl in the tree and
select Insert Contain Area.

2. Inthe Curve Wizard: Select Geometry
dialog box, select Contain in the Available
sketches list, then click Finish.

3. Left click the plus sign (+) to the left of
Pattern Projectl in the tree.

The Contain Area item displays. If you
needed to delete the contain area later, you
would highlight and delete this item.

4. M Click the Generate Toolpath button on
the CAMWorks toolbar.

The toolpath is contained within the rectangular
sketch that was chosen for the Contain Area.
The toolpath is trimmed to the contain
geometry. The radius of the tool would pass
beyond this boundary. Use the Offset value
when choosing the curve if this is not desirable.

5. Right click Pattern Projectl in the tree and
select Insert Avoid Area.
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6. In the Curve Wizard: Select Geometry dialog box, select Avoid in the Available sketches

list, then click Finish. =<5 Mill Part Setup1 [Group1]

7. Click the plus sign (+) to the left of Pattern Project] 9---\*?.;%::1;:]???{43- el
in the tree. 1%, Avoid Areal
The Contain Area and Avoid Area items display. €9 Multi Surface Feature1 [Fine]

8. M Click the Generate Toolpath button on the CAMWorks toolbar.

The toolpath is generated based on the contain
and avoid areas.
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CAMWorks provides numerous patterns that can be used to finish or semi-finish a Multi
Surface feature. Each pattern has unique characteristics. While you may not use these for
general machining, occasionally you will machine a part that is appropriate for one of these
styles. The following exercises explain how to generate radial, spiral and 2D stepover
toolpaths.

What You'll Learn

« Inserting operations.

« Generating spiral and radial finish toolpaths using the Pattern Project operation.
« Generating 2D stepover toolpaths using the Constant Stepover operation.
Define the Mill Part Setup and insert the Multi Surface feature:

1. Open the Open the part file MILL3AX_6.SLDPRT in the |\Examples\Mill folder inside
the CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.
3. L Right click Example Mill-in in the tree and select Edit Definition.

— On the Machine tab, Example Mill—in is the Active machine.
— Click the Tool Crib tab and make sure Crib 1 1s the Active tool set.
— Click the Controller tab and make sure FANTUTM is selected, then click OK to close
the Machine dialog box.
4. O Right click the Stock Manager and select Edit Definition.

5. Click OK to use the default stock for this
exercise.

6. Right click the Stock Manager and select
Insert Mill Part Setup.

The Mill Part Setup dialog box displays.

7. Select Planel from the list of Reference
planes.

8. Make sure the Face option is not checked,
then click OK.

9. Right click Mill Part Setup1 in the tree and

select Insert Multi Surface Feature.

-

10. Click the Select all and associate option.
11. Set the Attribute to Fine, then click Insert and Close.
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Generate the operation and change the Mill Part Setup origin:

1.
2.

4.

Click the Generate Operation Plan button on the CAMWorks toolbar.
Right click Mill Part Setupl in the Operation &' Stack vertes

tree and select Edit Definition. . _
On the Origin tab, change the Origin to Stock e T F______,,_—r
vertex and change the corner to the front ‘ 1 -
bottom. e i ——
Click OK.

Generating Radial Toolpaths Using Pattern Project

1.

2
3
4.
5

10.

11.

12.
13.

Right click Pattern Projectl in the tree and select Edit Definition.
Click the Tool Crib tab and select a .251n Ball Nose.

Click Yes to replace the corresponding holder.

On the Pattern tab, change the Pattern to Radial.

Check the Reverse stepover option to start the toolpath in the center.

This option allows you to specify whether the tool will enter the material at the center or
on the diameter of the radial pattern.

Change the XY Stepover Cut amount to .15in.

EJ Click the Pick Point button in the Center Point section.

The Define Point dialog box displays. This dialog box allows you to define the center of
the radial toolpath. You can define the applicable point relative and associative to a
vertex, planar arc edge or arc segment defined in a sketch on the part.

Pick the bottom edge of the revolved boss.

CAMWorks calculates the center point at the
arc center.

Click OK.

On the Finish tab, change the Mach. deviation
to .0011in, then click OK.

Right click Pattern Projectl in the tree and
select Insert Contain Area.

Pick the bottom edge of the boss.

In the Curve Wizard; Select Geometry dialog
box, set the Tool condition to Past, then click
Finish.

This parameter defines how CAMWorks internally offsets the area/curve.
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14.

15. Right click the operation in tree and select

16. P'_'\I Click the Forward Multiple Steps button

17. ﬂ Click the Close button to exit.

Right click Pattern Projectl in the tree and
select Generate Toolpath.

Step Thru Toolpath.

several times and notice that the toolpath
radiates from the center out.

Generating Spiral Toolpaths Using Pattern Project

Insert a Pattern Project operation to generate a Spiral toolpath:

1.

N o o M 0N

10.
11.
12.

13.

Right click Pattern Projectl in the tree and select Insert 3 Axis Mill Operation.
In the Insert Operation dialog box, select Pattern Project for the Operation.
Highlight Multi Surface Featurel in the Features list.

Make sure the Edit definition option is checked, then click Insert.

On the Tool Crib tab, select a .251n Ball Nose.

Click Yes to replace the corresponding holder.

On the Pattern tab, set the following parameters:

— Pattern = Spiral

— Minimum radius = 0.01in (to start the spiral 0.01in from the center point)
— Maximum radius = 2in (the overall size of the circle)

— Reverse stepover = checked

EJ Click the Pick Point button in the Center Point section.

The Define Point dialog box displays.

Pick the bottom edge of the revolved boss, then click OK.

CAMWorks calculates the center point at the center of the circular boss.

On the Finish tab, make sure the Mach. deviation is .0011n.

Set the Direction control to Zig.

3 Axis Mill 6

Check the Reverse direction option to start the toolpath in the center, then click OK.

This option allows you to specify whether the tool will enter the material at the center or

on the diameter of the radial pattern.
Click Close to close the Insert Operation dialog box.
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14

15.
16.

17.

18.

19.

. Right click Pattern Project2 in the tree and select Insert Contain Area.

The Curve Wizard; Select Geometry dialog box displays.

Pick the bottom edge of the boss, set the Tool condition to Past, then click Finish.
Right click Pattern Project2 in the tree and select Generate Toolpath.

CAMWorks generates a spiraling circular
toolpath starting from the center of the part.
You can set the Minimum and Maximum
radius in the Operation Parameters dialog box
to limit the extents of the toolpath.

Right click Pattern Project2 in the tree and
select Edit Definition.

On the Pattern tab, change the Minimum
radius to .5in and the Maximum radius to 1.5in
and click OK.

Regenerate the toolpath.

CAMWorks generates the toolpath within the
specified radii.

Generating 2D Stepover Toolpaths Using Constant Stepover
Insert a Constant Stepover operation and generate the toolpath:

1.

N o o M 0N
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Right click Pattern Project2 in the tree and select Insert 3 Axis Mill Operation.
In the Insert Operation dialog box, select Constant Stepover for the Operation.
Highlight Multi Surface Featurel in the Features list.

Make sure the Edit definition option is checked, then click Insert.

On the Tool Crib tab, select a .25in Ball Nose.

Click Yes to replace the corresponding holder.

On the Constant Stepover tab, set the Method to 2D Stepover.

When 2D Stepover is selected, the distance between each pass will be constant and equal
to the Horizontal cut amount, as viewed from the XY direction. This method produces a
consistent surface finish on feature faces that do not have a steep slope angle. Because the
stepover is constant in the XY plane, the surface finish on feature faces that are vertical
or have a steep slope angle will not be as good.

Check the Number of cuts option and set the number to 12.

This option allows you to specify whether the toolpath will continue until the entire part
is machined or will be generated a specific number of passes.

Set the Horizontal and Vertical cut amt to 0.051n, then click OK.
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10.
11.
12.

13.

3 Axis Mill 6

Click Close to close the Insert Operation dialog box.

Right click Constant Stepoverl in the tree and select Insert Contain Area.

Pick the bottom edge of the revolved boss, set the Tool condition to Past, then click
Finish.

Right click Constant Stepoverl and select Generate Toolpath.

CAMWorks generates the toolpath. Because the Number of cuts is set to 12 passes, the
revolved surface is not machined completely.

If you had selected the 3D Stepover method, the toolpath would look like the figure on
the right. This method generates a semi-finish or finish toolpath with a true constant
stepover regardless of the slope of the feature faces. In shallow areas the stepover will be
equal to the Horizontal cut amount and in steeper areas the stepover will be equal to the
Vertical cut amount. This method produces the most consistent surface finish on features
whose faces have either shallow or steep slope angles.

2D Stepover Toolpath 3D Stepover Toolpath
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Chapter 4 Learning More 3 Axis Mill

This chapter provides an opportunity to learn more about 3 Axis Mill including Constant
Stepover (3D Method), Curve Project, Flat Area and Rest Machining.

We recommend that you go through the exercises in the previous chapters first. In addition to
learning how to generate 2 and 3 axis mill toolpaths, these exercises explain basic functions
and procedures that are used to generate both all toolpaths and NC code.

The exercises in this chapter are intended to show you how to use CAMWorks and may not
correspond to actual machining practices.

IMPORTANT! The exercises in this chapter are intended to be used with the default
Technology Database that is supplied with this version of CAMWorks. If you have
modified the default Technology Database or imported customized data, the machining
sequences and operations data in your database may be different.

If necessary, you can temporarily link to the default Technology Database using one of the
following methods:

« Download the default CAMWorks Technology Database from the TekSoft web site
(www.teksoft.com). Save it in the examples folder inside the CAMWorks folder (e.g.,
\Program Files\CAMWorksxxxx\Examples). Then run the Link Database Wizard, browse
to the examples folder and select techdb.mdb. When you are finished with the exercises,
run the Link Database Wizard and link to the TechDB that contains the customized data.

or

« Reinstall CAMWorks. This reinstalls the default Technology Database. During
installation, a backup is made of the techdb.mdb file that contains the customized data.
When finished, move the backup to the active techdb.mdb location.
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This exercise explains how to generate toolpaths for Area Clearance rest machining, Z Level
and Flat Area operations.

What You'll Learn

1.

Define a Multi Surface feature:
1.

4.

Generating Area Clearance operations and toolpaths for rest machining.
Generating Z Level and Flat Area operations and toolpaths for finish machining.

Open the part file MILL3AXII 1.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.

x, Right click Example Mill-in in the Feature tree and select Edit Definition.

— On the Machine tab, Example Mill—in is the Active machine.

— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.

— Click the Controller tab and make sure FANTUTM is selected, then click OK to close
the Machine dialog box.

O Right click the Stock Manager and select Edit Definition on the shortcut menu.
The default bounding box displays on the part.
Click OK to use the default stock for this exercise.

Right click Stock Manager in the
Feature tree and select Insert Mill Part
Setup on the shortcut menu.

Pick the top face on the model.

Make sure the Face option is not
checked, then click OK.

Right click Mill Part Setup1 and select
Insert Multi Surface Feature on the
shortcut menu.

In the Insert Multi Surface Feature dialog box, click the Select all and associate button
under the Action area.

The Faces to cut box lists the selected faces.

Set the Attribute to Rgh-Lace, Fin-Zlevel, Fin — Flat Area. This attribute is defined in the
Technology Database to generate Area Clearance, Z Level and Flat Area operations.

Click Insert and Close. The Multi Surface feature is listed in the Feature tree.
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{0 Did You Know ...
When you define Multi Surface features for 3 Axis operations (except 3 Axis Rough
and Finish, the most reliable results are usually obtained by picking all model faces
as Faces to Cut. Using Faces to Avoid is not recommended. If you need to restrict
machining to specific areas, use the Insert Contain and Insert Avoid commands at the
operation level.

Generate the operation for the Multi Surface feature:

1. Click the Generate Operation Plan button on the CAMWorks toolbar or right click
Mill Part Setupl in the Feature tree and select Generate Operation Plan.

2. Right click Area Clearancel in the Operation tree and select Edit Definition.
On the Pattern tab, use Lace for the Pattern and set the Cut angle to 90deg.

4. On the Area Clearance tab, set the following parameters:
— XY allowance = 0.15in
— Z allowance = 0.15in
— Depth parameter Method = Constant
— Cut amt = .25in

5. On the Links tab, set the following parameters:
— Links Type = Spline Curve
— Corners Type = Round
— Max. radius = .051n
— Part deviation = .02in
— Depth processing = By level
6. Click OK.

Inserting an Area Clearance Operation for Rest Machining
Insert an Area Clearance operation to remove remaining material.
1. Right click Area Clearancel in the tree and select Insert 3 Axis Mill Operation.
Set the Operation to Area Clearance.
Highlight Multi Surface Featurel in the Features list.
Leave the Edit Definition option checked, and click Insert.
Click the Tool Crib tab and select a .5in diameter Flat End mill.
Click Yes to replace the corresponding holder.
On the Pattern tab, use Pocket Out for the Pattern.

On the Area Clearance tab, set the following parameters:
— XY allowance / Z allowance= 0.05in

— Depth parameter Method = Constant

— Cutamt=.125in

© N o o M 0 DN
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9. On the Links tab, set the following parameters:
— Links Type = Spline Curve
— Corners Type = Round
— Max. radius = .051n
— Part deviation = .02in
— Offset deviation = .02in
— Depth processing = By level

10. On the Entry/Retract tab, use Spiral for the Ramping Method and set the Max. ramp
angle to 20deg and the Spiral radius to .15in.

11. On the Rest tab, set the Rest machining Method to From WIP, then click OK.
When you select this method, CAMWorks assumes that toolpaths should be generated
only where material is left by previous operations. CAMWorks creates a work in process
stock model by starting with the original stock definition and removing material for the
selected operations that occur before the rest machining operation. The work in process is
then used to calculate the areas where the rest machining toolpaths should be generated.

This method gives good results when used for roughing, where accuracy is not as
important as speed.

12. Click Close to close the Insert Operation dialog box.

Generating Area Clearance Toolpaths
Generate toolpaths and simulate material removal:
1. Right click Area Clearancel in the tree and select Generate Toolpath.
2. Right click Area Clearance?2 in the tree and select Generate Toolpath.
3. Notice the rest machining toolpath removes material left by the previous operation.

Area Clearance Toolpath Area Clearance 2 Rest Machining Toolpath

4. & Click the Simulate Toolpath button on the CAMWorks toolbar.

5. E Make sure Tool mode is selected.
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Set the End condition to Next Operation.
["‘x

~ | Click Run to simulate the first operation.

|"'m.

— 1 Click Run again to simulate the rest machining operation.

ﬂ Click the X button to exit the simulation.

Using an Automatic Contain Area
Edit the Z Level operation and generate toolpaths to machine the sides of the pockets:

1.

2 e

Right click Z Levell in the tree and select Edit Definition.

Click the Tool Crib tab and select a Flat End Tapered tool with a .31251in diameter.
Click Yes to replace the corresponding holder.

On the Tapered Tool tab, change the Taper angle to 4deg.

On the Links tab, set the Depth processing to By level.

On the Advanced tab, set the Automatic contain area Method to Outer Silhouette.
With this method, the XY shape of the
contain area is based only on an outer XY
silhouette of the faces to cut in the Multi
Surface feature. Note that faces to avoid

in the Multi Surface feature are not used
when calculating the silhouette.

Click OK.

Right click Z Levell in the tree and select
Generate Toolpath on the shortcut menu.

CAMWorks generates the Z level
toolpaths.

{: Did You Know ...
For 3 Axis operations (except 3 Axis Rough and Mill), the XY extents will be within
a contain area while machining over and around the faces and surfaces in the Multi
Surface feature. The contain area can be defined either automatically on the
Advanced tab in the Operation Parameters dialog box or interactively using the Insert
Contain Area command.
The priority is to observe the XY shape of any interactively defined contain areas. If
interactively defined contain areas are suppressed or not defined, then an
automatically generated XY contain area will be used.
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Removing Material on Flat Areas

The Flat Area cycle uses a roughing pattern to remove material on the z-levels of flat faces
between the top and bottom of the surface. CAMWorks generates toolpaths only on
completely flat areas. If a surface has even a small gradient, CAMWorks will not generate a
toolpath. This cycle can be used for finishing where excess material has already been
cleared.

Edit the Flat Area operation and generate toolpaths to machine the bottom of the pockets:

1.
2.
3.

Right click Flat Areal in the tree and select Edit Definition.

On the Flat Area tab, set the First cut from to Top of stock with a -0.05in Offset.
On the Links tab, set the following parameters:

— Links Type = Spline Curve
Corners Type = Round

— Part deviation = .02in

Offset deviation = .02in

Depth processing = By level

On the Entry/Retract tab, set the Max.
ramp angle to 20deg and click OK.

Right click Flat Areal in the tree and
select Generate Toolpath on the shortcut
menu.

Run the simulation:

1.

E Click the Simulate Toolpath button on the CAMWorks toolbar.

E Make sure Tool mode is selected.
Set the End condition to Next Operation.

-

— 1 Click Run to simulate the first
operation.

™1 Click Run again to simulate each
operation.
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This exercise introduces you to finish rest machining using an STL file as the stock model.
The STL file can be created from an external CAD system or a simulated stock model as
explained in this exercise.

What You'll Learn

Define a Multi Surface feature:
9.

Generating Pattern Project toolpaths
Creating and Using an STL file as the stock model for rest machining
Generating Pattern Project toolpaths for rest machining

. Open the part file MILL3AXII 2.SLDPRT in the \Examples\Mill folder inside the

CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.
x, Right click Example Mill-in in the Feature tree and select Edit Definition.

— On the Machine tab, Example Mill—in is the Active machine.
— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.
— Click the Controller tab and make sure FANTUTM is selected, then click OK to close

the Machine dialog box.
O Right click the Stock Manager and select Edit Definition on the shortcut menu.
The default bounding box displays on the part.
Click OK to use the default stock for this exercise.

Right click Stock Manager in the
Feature tree and select Insert Mill Part
Setup on the shortcut menu.

Pick the Front plane and select Reverse
direction.

Make sure the Face option is not
checked, then click OK.

Mill Part Setup1 is added to the tree.

Right click Mill Part Setup1 and select
Insert Multi Surface Feature on the
shortcut menu.
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10. In the Insert Multi Surface Feature dialog box, click the Select all and associate option.
The Faces to cut box lists the selected faces.

- Did You Know ...
When you define Multi Surface features for 3 Axis operations (except 3 Axis Rough
and Finish), the most reliable results are usually obtained by picking all model faces
as Faces to Cut. Using Faces to Avoid is not recommended. If you need to restrict
machining to specific areas, use the Insert Contain and Insert Avoid commands at the
operation level.

11. Set the Attribute to Fine. This attribute is defined in the Technology Database to generate
a Pattern Project finish operation.

12. Click Insert and Close.
The Multi Surface feature is listed in the Feature tree.

Generating an Operation Plan and Modifying Parameters
Generate machining operations for the Multi Surface feature:

1. Click the Generate Operation Plan button on the CAMWorks toolbar or right click
Mill Part Setup1 in the Feature tree and select Generate Operation Plan.

Modify operation parameters:

Right click Pattern Project] in the Operation tree and select Edit Definition.
Click the Tool Crib tab.

Select a 1in diameter Flat End mill, then click the < - Select button.

Click Yes to replace the corresponding holder.
On the Pattern tab, use Slice for the Pattern and set the Cut amt to .151n.

This pattern, which generates a series of linear parallel cuts across the part, is appropriate
for semi-finishing almost any part shape and finishing non-vertical areas.

o o~ w0 DN

7. On the Finish tab, make sure the XY and Z allowances are Oin.
8. On the Links tab, set the Type to Spline Curve.
9. On the Advanced tab, set the Automatic contain area Method to Outer Silhouette.
For this exercise, you use this contain area method to machine only the top of the feature.
10. Click OK.
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Generating Toolpaths
Generate toolpaths, simulate material removal and post process:

Inserting

1.

© N o o M 0 DN

Y2 Click the Generate Toolpath
button on the CAMWorks toolbar.

E Click the Simulate Toolpath
button on the CAMWorks toolbar.
i Click the Turbo mode button on
the Simulate Toolpath toolbar.

Turbo mode provides ultra-fast
simulation of toolpaths on a single Mill
Part Setup.

P Click run.

Q Click the Save STL button on the Simulate Toolpath toolbar.
In the Save As dialog box, select Inches for the Units, then Click OK.
The WIP is saved in an STL file that you will use for rest machining.

53 Click the X button to exit the simulation.

{% Did You Know ...
You can also save an STL file using the Save WIP Model command on the Stock
Manager shortcut menu in the Operation tree. With this method, you select the
operations to be used in calculating the WIP from a list, then define the file name and

applicable options. The Toolpath Simulation runs in the background to generate the
STL file.

an Operation for Rest Machining

Right click the operation in the tree and select Insert 3 Axis Mill Operation on the
shortcut menu.

Set the Operation to Pattern Project.

Highlight Multi Surface Featurel in the Features list.

Leave the Edit Definition option checked and click Insert.

Click the Tool Crib tab.

Select a .251n diameter Ball Nose, then click the < - Select button.
Click Yes to replace the corresponding holder.

On the Pattern tab, use Slice for the Pattern with a .05in Cut amt and make sure the
Staydown option is checked.

On the Finish tab, make sure the XY and Z allowances are Oin and the Avoid allowance
is 0.025in.
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10.
11.
12.
13.
14.
15.

16.
17.

18.

19

On the NC tab, change the Rapid plane to .25in.

On the Links tab, set the Type to Spline Curve and the Max. link distance to .lin.
On the Entry/Retract tab, set the Ramp clearance to .1in.

On the Advanced tab, set the Automatic contain area Method to Outer Silhouette.
Click the Rest tab.

For the Method, click the down arrow and select From STL File.

_I Click the Browse button.

In the Open dialog box, locate the STL file you created, select Inches for the Units, then
click Open.

Click OK to close the Operation Parameters dialog box.
Click Close to close the Insert Operation dialog box.

Viewing the STL/WIP Model

To view the shape and position of the STL stock model, you can:

o o b~ w

Click the Stock Manager in the tree to view a wireframe bounding box indicating the
extents of the stock model.

Click the Simulate Toolpath button on the CAMWorks toolbar.
Add the STL file as a Graphics Body to the SolidWorks tree as explained below.

Click the SolidWorks FeatureManager design tree button.

Select Insert on the SolidWorks menu bar, select Features, then pick Imported on the
cascading menu.

Set the file type to .stl.
Locate and select the STL file you are using for the WIP model.
Click the Options button.

In the Import as group box, select
Graphics Body and set the Unit to Inches,
then click OK.

Click Open.

The STL file is added to the SolidWorks
FeatureManager design tree as a graphics
body. This body can be hidden, made
transparent or a different color, etc.

Click STL Graphics1 in the design tree
and rotate the part to see the stock model.

£ | Click the CAMWorks Operation Tree tab.
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Generating the Rest Machining Toolpaths

1. @ Click the Generate Toolpath button
on the CAMWorks toolbar.

2. CAMWorks generates toolpaths only
where material is left on the stock model
in the STL file.
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This exercise demonstrates how to engrave using a Curve Project cycle. This cycle removes
material by projecting selected 2.5 Axis Engrave and/or Curve features onto the surface of a
Multi Surface feature and generating toolpaths along the projected entities.

What You'll Learn

« Defining a Multi Surface Feature and a 2.5 Axis Engrave Feature
. Inserting a Curve Project operation and adding an Engrave Feature
« Generating Curve Project toolpaths for engraving

1. Open the part file MILL3AXII_3.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

2. Click the CAMWorks Feature Tree tab.

Define the machine:

3. & Right click Example Mill-in in the Feature tree and select Edit Definition.

— On the Machine tab, Example Mill—in is the Active machine.
— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.

— Click the Controller tab and make sure FANTUTM is selected, then click OK to close
the Machine dialog box.

Define the stock size and shape:

4. © Right click the Stock Manager and select Edit Definition on the shortcut menu.
The default bounding box displays on the part.

5. Click OK to use the default stock for this exercise.

Define the machining direction:

6. Right click Stock Manager in the tree
and select Insert Mill Part Setup on the
shortcut menu.

7. Pick the Plane2 and select Reverse
direction.

8. Make sure the Face option is not
checked, then click OK. ¥

Mill Part Setup1 is added to the tree.
Define a Multi Surface feature:

9. Right click Mill Part Setup1 and select
Insert Multi Surface Feature on the shortcut menu.
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11.

12.
13.
14.
15.
16.

17

Generatin

3 Axis Mill 9

. In the Insert Multi Surface Feature dialog box, click the Select all and associate option.
The Faces to cut box lists the selected faces.

- Did You Know ...
When you define Multi Surface features for 3 Axis operations (except 3 Axis Rough
and Finish), the most reliable results are usually obtained by picking all model faces
as Faces to Cut. Using Faces to Avoid is not recommended. If you need to restrict
machining to specific areas, use the Insert Contain and Insert Avoid commands at the
operation level.

Set the Attribute to Fine. This attribute is defined in the Technology Database to generate
a Pattern Project finish operation.

Click Insert and Close. The Multi Surface feature is listed in the Feature tree.

Right click Mill Part Setupl and select Insert 2.5 Axis Feature on the shortcut menu.
Click the down arrow next to the Feature Type and select Engrave Feature.

Select Sketch2 and click Next.

In the 2.5 Axis Feature Wizard: End Conditions dialog box, set the Depth to .1 and click
Finish.

. Click Close.

g an Operation Plan and Modifying Parameters

Generate machining operations for the Multi Surface feature:

1.

3.
M

4
5.
6
7

Right click Multi Surface Featurel in the tree and select Generate Operation Plan on the
shortcut menu.

Right click Pattern Projectl in the Operation tree and select Insert Contain Area on the
shortcut menu.

Pick the top face on the model and click Finish.
odify operation parameters:

. Right click the operation again and select Edit Definition on the shortcut menu.

Click the Tool Crib tab and select a .251n Ball Nose.
Click Yes to replace the corresponding holder.
On the Pattern tab, set the following parameters:

— Pattern = Slice
— Cut angle =90 deg
— Cut amount = 0.11n.
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10.
11.

12.

On the Finish tab, set the set the following parameters:

— XY allowance = Oin

— Z allowance = Oin

— First cut from = Top of stock with Oin Offset

On the Links tab, set the Max link distance to lin.

On the Advanced tab, set the Automatic contain area Method to Outer Silhouette.

With this method, the XY shape of the contain area is based only on an outer XY
silhouette of the faces to cut in the Multi Surface feature. Note that faces to avoid in the
Multi Surface feature are not used when calculating the silhouette.

Click OK.

Inserting a Curve Project Operation to Cut the Text

1.

2 e

10.
11.
12.
13.

14.

Right click the operation in the tree and select Insert 3 Axis Mill Operation on the
shortcut menu.

Set the Operation to Curve Project.

Highlight Multi Surface Featurel in the Features list.
Leave the Edit Definition option checked and click Insert.
On the Mill Tool tab, change the Cut diameter to 0.0631n.
On the Curve Project tab, set the following parameters:

— XY allowance = 0in
— Z allowance = -0.051n
— Number of cuts =1

— Axial offset = .1in

On the Links tab, set the Max. link distance to Oin.
On the Entry/Retract tab, set the Retract Method to Full.

With this Retract method, the tool moves vertically up to the clearance plane, moves
horizontally along this level, and drops down vertically to the start of the next pass.

For the Vertical and Horizontal leadin and leadout, set all the radius values to Oin.
Click OK to close the Operation Parameters dialog box.

Click Close to close the Insert Operation dialog box.

Right click Curve Project] in the tree and select Add Engrave/Curve Feature.

In the Engrave/Curve Feature dialog box, pick Engrave Featurel in the Available features
list and click the Add button.

Click OK.
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Generating Toolpaths and Running Toolpath Simulation

1. M Click the Generate Toolpath button on the CAMWorks toolbar.
CAMWorks generates toolpaths for the Multi Surface feature and the text.

2. El Click the Simulate Toolpath button on the
CAMWorks toolbar.

3. E Make sure Tool mode is selected.

4. 1 Click Run.
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This exercise uses a Constant Stepover operation to remove material by maintaining a
constant user-defined stepover relative to the surface. This cycle generates a semi-finish or
finish toolpath with a true constant stepover regardless of the slope being machined.

What You'll Learn

10.

Defining a Multi Surface Feature
Inserting a Constant Stepover operation
Adding contain and avoid areas
Generating toolpaths

Open the part file MILL3AXII 4.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.
2 Right click Example Mill-mm in the Feature tree and select Edit Definition.

— On the Machine tab, Example Mill-mm is the Active machine.
— Click the Tool Crib tab and make sure Crib 1 is the Active tool set.
— Click the Controller tab and make sure FANTUTM is selected, then click OK to close

the Machine dialog box.
O Right click the Stock Manager and select Edit Definition on the shortcut menu.
The default bounding box displays on the part.
Click OK to use the default stock for this exercise.

Right click Stock Manager in the Feature
tree and select Insert Mill Part Setup on the
shortcut menu.

Pick the top face on the part model.

Make sure the Face option is not checked,
then click OK.

Mill Part Setup1 is added to the tree.

Right click Mill Part Setupl and select
Insert Multi Surface Feature on the
shortcut menu.

In the Insert Multi Surface Feature dialog
box, click the Select all and associate
option. The Faces to cut box lists the selected faces.
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11. Click Insert and Close.

The Multi Surface feature is listed in the Feature tree.

- Did You Know ...
When you define Multi Surface features for 3 Axis operations (except 3 Axis Rough
and Finish), the most reliable results are usually obtained by picking all model faces
as Faces to Cut. Using Faces to Avoid is not recommended. If you need to restrict
machining to specific areas, use the Insert Contain and Insert Avoid commands at the
operation level.

Inserting a Constant Stepover Operation
Insert a Constant Stepover operation:

1.
2.

o o &

7.

& | Click the CAMWorks Operation Tree tab.

Right click Mill Part Setupl in the tree and select Insert 3 Axis Mill Operation on the
shortcut menu.

Set the Operation to Constant Stepover.
Highlight Multi Surface Featurel in the Features list.
Leave the Edit Definition option checked and click Insert.

On the Constant Stepover tab, set the following parameters:

— Method =3D

— Horizontal cut amt. = 2mm

— Vertical cut amt. = 2mm

— Inside to out = checked

— First cut from = Top of Stock with a 2.5mm Offset

Click OK, then click Close to close the Insert Operation dialog box.

Inserting Contain and Avoid Areas

1.

Right click Constant Stepoverl in the tree and select Insert Contain Area on the shortcut
menu.

Pick face to avoid

In the Curve Wizard: Select Geometry
dialog box, pick ContainArea, set the Tool
condition to On and click Finish.

Right click Constant Stepoverl in the tree
again and select Insert Avoid Area on the
shortcut menu.

Pick the gold face on the part, set the Tool
condition to On and click Finish.

Click the + sign next to Constant Stepoverl
in the tree. Contain Areal and Avoid Areal
are listed under the operation.
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Generate and simulate the toolpath:

1. M Click the Generate Toolpath button on

the CAMWorks toolbar.

2. E Click the Simulate Toolpath button on
the CAMWorks toolbar.

3. i Click Turbo mode.

4. 1 Click Run.
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For 3 Axis operations, the XY extents will be within a contain area while machining over
and around the faces and surfaces in the Multi Surface feature. The contain area can be
defined either interactively using the Insert Contain Area command or automatically on the
Advanced tab in the Operation Parameters dialog box as shown in this exercise.

The priority is to observe the XY shape of any interactively defined contain areas. If
interactively defined contain areas are suppressed or if none have been defined, then an
automatically generated XY contain area will be used.

What You'll Learn

Using Automatic Contain Areas

1.

2.

Open the part file MILL3AXII_5.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

£ | Click the CAMWorks Operation Tree tab at the bottom of the split FeatureManager
design tree.

A Z Level operation has already been generated for the Multi Surface feature.

Stock Method

3.
4.

Right click Z Levell in the tree and select Edit Definition.

Click the Advanced tab and notice that the Automatic contain area Method is set to
Stock.

When you use this method, the XY shape of the contain area is based on the original
stock shape. If the stock shape is defined from a sketch and the current Setup is normal to
the sketch, the contain area will be the same as the sketch. Otherwise, the contain area
will be based on the minimum XY bounding box of the stock.

Click OK.

Right click the operation in the tree and select
Generate Toolpath.

In the upper portion of the split tree, scroll down
in the FeatureManager design tree and position
the pointer over the Stock sketch item.

The red sketch that displays represents the stock
shape.
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Bounding Box Method
Edit the operation and change the Automatic contain area method to Bounding Box:
1. Right click Z Levell in the tree and select Edit Definition.
2. On the Advanced tab, change the Automatic contain area Method to Bounding Box.

With this method, the XY shape of the contain area is based on the minimum XY
bounding box of the faces in the Multi Surface feature. The bounding box is based only
on the Faces to Cut in the Multi Surface feature.

3. Click OK.

When you click OK, the Update 3 axis toolpaths when parameters change option on the
Update tab in the Options dialog box controls if 3 axis toolpaths are updated
automatically. If this option is set to Prompt, a
message displays asking if you want to regenerate
toolpaths. Click Yes. If set to Always, CAMWorks
automatically regenerates the toolpaths. If set to
Never, right click the operation in the tree and select
Generate Toolpath on the shortcut menu.

4. In the upper portion of the split tree, scroll down and
position the pointer over the Bounding Box sketch
item.

The red sketch that displays represents the bounding box.

Outer Silhouette Method
Edit the operation and change the Automatic contain area method to Outer Silhouette:
1. Right click Z Levell in the tree and select Edit Definition.

2. On the Advanced tab, change the Automatic contain area Method to Outer Silhouette,
then click OK.

With this method, the XY shape of the contain area
is based only on an outer XY silhouette of the Faces
to Cut in the Multi Surface feature.

3. Generate the toolpath.

4. In the upper portion of the split tree, scroll down and
position the pointer over the Outer Silhouette sketch
item.

The red sketch that displays represents the outer
silhouette.
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All Silhouettes Method

Edit the operation and change the Automatic contain area method to All Silhouettes:
1. Right click Z Levell in the tree and select Edit Definition.

2. On the Advanced tab, change the Automatic contain area Method to All Silhouettes, then
click OK.

With this method, the XY shape of the contain area is based on an XY silhouette of Faces
to Cut in the Multi Surface feature. The silhouette will include the outer shape of the
faces as well as any internal shape based on through features. The internal silhouette
areas will be treated automatically as avoid areas.

3. Generate the toolpath.

4. In the upper portion of the split tree, scroll down and
position the pointer over the All Silhouettes sketch
item.

The red sketch that displays represents the outer
silhouette of the Faces to Cut in the Multi Surface
feature and the internal silhouette for the through
feature.
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Chapter 5 Learning 2 Axis Turn

This chapter provides an opportunity to learn CAMWorks 2 Axis Turn through a step by step
hands-on tour of the features and functions.

The exercises in this chapter are intended to show you how to use CAMWorks and may not
correspond to actual machining practices.

IMPORTANT! CAMWorks uses a set of knowledge-based rules to assign machining
operations to features. The Technology Database contains the data for the machining
process plans and can be customized for your facility's machining methodology. When you
do these exercises, your results may not be exactly the same as described in the steps and
illustrated in the figures. This is because the machining sequences and operations data in
your Technology Database may be different from the database used to produce the
documentation.
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What You'll Learn
Steps to Generate Turn Toolpaths and NC Code

The following steps are used to generate Turn toolpaths and NC code:

© N o g b~ 0 Db =

!

Model the part or open the part file in SolidWorks.
Change to the CAMWorks Feature tree.
Define the Machine and modify the controller parameters.
Edit the Stock definition.
Define machinable features and adjust feature parameters.
Generate the operation plan and adjust operation parameters.
Generate toolpaths.

Post process the toolpaths.

Model part in SolidWorks
or import part

M Generate toolpaths

h 4

T

Change to CAMWorks
Feature tree

Adjust operation
parameters as needed

—_— ) @ Simulate toolpaths

Are

N
° toolpaths

L

:

=" Define machine/change
controller parameters

Generate operation

h 4

plan

& Define Stock

Define machinable
features (AFR & IFR)
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The next series of exercises show you how to generate finish toolpaths on a SolidWorks part
model. In order to give you a general understanding of how to use CAMWorks, you work

with a part that was previously modeled in SolidWorks. When you define the operations and
toolpaths, you will follow steps that are not explained in depth. This is done to show you the
basics of generating toolpaths from start to finish without getting into the details at this time.

Sample parts are provided for the exercises in this manual. When you install CAMWorks,
these files are installed automatically.

Step 1: Model Part in SolidWorks or Import Part

A part is a solid that is created with SolidWorks or imported into SolidWorks from another
CAD system. This exercise uses an existing SolidWorks part.

1.

Open the part file TURN2AX 1.SLDPRT in the |\Examples\Turn folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Turn).

The FeatureManager design tree lists the features,
sketches, planes and axes in the part.

The tabs at the bottom or top of the tree are for
moving between the SolidWorks trees and the
CAMWorks trees.

Step 2: Change to CAMWorks Feature Tree

1.

Click the CAMWorks Feature Tree tab. %, |ﬁ= |t% | 4 |

The CAMWorks Feature tree displays. Initially, the tree lists Stock
Manager, Machine and Recycle Bin items.

£% The icons that display for the Stock Manager and Machine may indicate that a mill
machine is currently selected. Step 3 on page 4-5 explains how to change the machine to
a turn machine (shown in the graphic on the next page).

If you work mainly with turn parts, you can set the default to Turn in the TechDB so that
CAMWorks will select a Turn machine and stock when you open part files. To change
the default, click the TechDB button on the CAMWorks toolbar. Under the navigation
tree in the Technology Database — Main Menu window, change the Appln default to Turn
and click Quit. When you open a part file, CAMWorks will select a Turn machine.
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%File Edit View Insert Tools CAMWegks Window Help i Hl o
DEHED 21 \ggm R @ |
CAMWorks toolbar ——H e g CAMWorks menu

Feature Tree tab

Operation Tree tab

£¥ SolidWorks Office 2006 - [TURN2AX_1.SLDPRT *] M=E
-

C Manager
[& Configurations

Q} Stock Manager[1005]
=" Example Turn-n

'@ Recyde Bin

)
il
=

Feature tree

Part model

Graphics area

Editing Part 7

CAMWorks Machining Trees

The CAMWorks machining trees provide an outline view of the machining information for
the model. Initially, the CAMWorks Feature tree shows only the NC Manager,
Configurations, Stock Manager, Machine and Recycle Bin items. As you follow the steps to
generate an NC program, this tree expands to include Turn Setups and machinable features.
The tabs are for moving between the SolidWorks trees and the CAMWorks trees.

B Configurations - Multiple CAMWorks datasets are supported in part mode. Each
dataset is called a configuration. You can use configurations to support multiple
machines and SolidWorks configurations.

% Turn Stock Manager O Mill Stock Manager

The turn stock is the material from which the part will be machined. You can define the
stock as a cylinder (for bar stock) or as a closed sketch (for a forging or casting) and
specify the type of material.

= Turn & Mill & Mill-Tum & Wire EDM
The Machine item defines the machine tool that will be used to machine the part. The

machine definition includes tool definitions and the post processor. The machines are set
up in the Technology Database.

L Recycle Bin - The Recycle Bin in the CAMWorks Feature tree is used to store
machinable features that you do not intend to machine.

CAMWorks Menu

1.

Click CAMWorks on the SolidWorks menu bar. The CAMWorks commands are
explained in the CAMWorks online Help.
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Right click on the NC Manager in the tree. A menu of commands displays. This is a
shortcut menu. The right-click shortcut menus provide access to a variety of commands.

CAMWorks Toolbar

The CAMWorks toolbar provides access to the main CAMWorks commands found on the
CAMWorks menu. Clicking a toolbar button is the same as selecting a command from the
NC Manager level, regardless of the active item in the tree.

Step 3:

1.

3.
4.
5.

Lgcate the CAMWorks toolbar and = Iy 8 = 61 1 @ & i & Al
click the Options button. S

In the Options dialog box, click each
tab to view the options and settings that you can change in CAMWorks.

Click the Help button. Each tab is explained in the online Help.
Click the Close button in the upper right corner of the Help window to close the window.
Click Cancel to close the Options dialog box.

Define the Machine

The machine definition specifies the type of machining that will be done for the current
model (i.e., mill or turn) and the associated machine tool control (post processor) for proper
generation of the NC program. Based on the selected machine, the Extract Machinable
Features command will recognize either mill or turn features. The machine can be changed at
a later time to produce NC code for an alternate machine tool of the same type. The icons
that display in the tree identify the machine:

= Turn X Mill = Mill-Turn £ Wire EDM

1.

Right click the Machine item in the CAMWorks Feature tree. Cincranager
|& configurations

The shortcut menu displays. Right-mouse shortcut menus display Q"f}n Stock Manager [1005]
commands that are appropriate for the item that is highlighted in % ER.
the tree.

. o Properties...
Select Edit Definition on the shortcut menu. .
ename
The Machine dialog box displays. Hide

Select Example Turn—in in the list of Available _

machines and click the Select button. . _ ,
Machine | Taol Crib | Controller | Posting | Setup

This is the machine used for some of the exercises in
this manual. When you use CAMWorks to machine
your own parts, select the machine tool you want to

A allable machines

=B Mill Machines
Example Mill-in

use to machine the part. Example Milin 4a

. . =-f=" Tum Machines :
Machine tools are set up in the Technology Database. E vampie Turmin =T
Before using CAMWorks to machine your parts, make Example Tumin 4ax [

‘T/‘ . .
. p . =g Mill/Tum Machines
sure you define the machine tools available in your E vample Mil/Tumin

facility. For more information, see the CAMWorks Evample Mill/Turn-in ¢

. = E ‘wiire EDM Machines
online Help. “Wire EDM Mode-inch
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4. Click the Tool Crib tab and make
sure Inch Turret 1 is selected.

The Tool Crib page allows you to
choose the tool crib (set of tools) that
is used with the machine you have
chosen. These are not all the tools
that are available, but a subset that
you can modify to represent the
actual set of tools that the machine
has loaded.

Inch Turret 1 is a default tool crib
that has been set up for the sample
turn machine. When you define your
machine tools in the Technology
Database, you can set up your own
tool cribs.

Click the Controller tab.

The Controller tab allows you to
select the post processor. The list
that displays depends on the post
processors installed on your system.
CAMWorks supplies several default
post processors that may or may not be
suitable for your needs. Contact your
CAMWorks reseller for information on
making changes to these post processors
or for other post processors.

If the controllers do not display, use the
Browse button to locate the folder
containing the controller files (*.ctl).

If FANTUTL (the tutorial post
processor) is not highlighted, highlight it
in the list and click the Select button.
FANTUTL is the controller used for the
exercises in this manual. When you use
CAMWorks to machine your own parts,
select your post processor.
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Machine | Tool Crib |Cu:nr|tro||er Posting || Setup

Available tool crbs

Inch Turet 1 Turret type:
Front 4 Axis Tumet
l Select ] [ Save...

Cument Information :

Name
No. of Station

Inch Turret 1
16

Active tool crib : Inch Turmet 1

Usage| 5tn Ho.| Type | Inser| Incl | Insc | Ftadiu| Ftadiu|wmth|E A~

1| Turn Tool 0.031

2| Turn Tool 0.0

3| Turn Tool 0.0

4 | Turn Tool 0.007 |0.007 |0.062i
5| Turn Tool 0.008

6 | Turn Tool 0.002i

7 | Drill

& | Drill

9| Turn Tool |Groov 0.007 |0.007 |0.125i

< ¥

Diamo | 20deg | 0.5in
Diamo | 55deg | 0.5in
Diamo | 35deg | 0.5in
Groov

Threa | G0deqg
Diamo | 80deg| 0.125i

W

[ Add. | Edt.. | [ Save. |

Machine | Tool Crib | Controller |F'ostir|g Setup

[ Remove l [

Awvailable

C:\Program Files\CAMWorks2007\Posts fantut! ctl
FANTUTL Browse
FANTUTLA -

Select
Current information:
Parameter Value

Machine Name LATHE TUTORIAL

Controller Type FANUC TYPE

Traverse Rate 250

Description: CAMWorks Turning tutorial control post pre
Usage: not intended for business or personal use

Post name: fantutl.ctl

Posted output style: generic Fanuc type

< ¥
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The Current Information area displays information about the FANTUTL controller. A
short description displays in the window below the Current information. This window
contains information only if an optional file has been created for the post processor.

6. Click the More button.

A longer description displays. The More button is activated only if a second optional file
has been created. This information is intended for use in training or as a detailed
description of post processor attributes that can be created.

Information files are provided for the sample FANTUTL post processor. Your TekSoft
dealer or your company manager may be able to supply these files if they are available
for your post processor. If files are not available, you can create post information files as

7. Click the Posting tab. -
. . . Machine] Tool Erih] Controller  Posting l Setup ]
These parameters provide information
required to generate the NC program. The Parameter | Value |
. Program number 1

parameters are machine-dependent and e
different parameters may display for your Z Preset 10.00000"

. X Preset 10.00000"
controller. The value for a parameter is output i 2000

in the NC code if the machine requires it.

If you have installed the Feed/Speed Library, you can specify a material on this tab or
when you define the Stock. If the Feed/Speed Library is not installed, you can specify the
material only on this tab.

The Maximum RPM defines the maximum RPM that your machine allows when running
Constant Surface Feed per Minute (CSFM). This prevents an overspeed spindle alarm as
the tool moves to centerline. If necessary, you can set a lower maximum RPM for
individual operations.

The Z and X Preset values are used by the system for a return position. These values are
absolute numbers from X0,Z0. If your machine requires an absolute preset to be output in
the program, these values are used. If you always change tools at the same position,
setting these values saves you time later.

8. Type 1001 for the Program Number, then click OK to close the Machine dialog box.

Step 4: Edit the Stock Definition

The Stock is the material from which the part will be machined. The default Stock is the
smallest cylinder (bar stock) that the part will fit into. Typically, this is not the size of the
stock you will be using. You can change the Stock definition either by offsetting the length
and/or diameter of the bar stock from the part or by defining the Stock from a closed sketch
(for a casting or forging). Currently, the sketch has to be in the same plane as the Stock in
terms of the X and Z plane and must be a closed profile. No revolve line is needed for the
geometry.
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In this exercise, you define the Stock as a cylinder (bar stock) offset from the part in length.

1. Right click Stock Manager in the Feature tree and select Edit ¥ NC Manager
& Configurations

Definition on the shortcut menu.

The Manage Stock dialog box displays. =0 Examp | OPeriES-
2. Leave the Type set to Bar stock. g Recyd  msert Turn setup...
3. Change the Length dimension to 6.85in and press Enter.
You can leave the Diameter set e
to 4.00in. SREFE ook
. . Type
4. Click the Material button. {+ Bar stock " Revaolved —_—  Material...
5. In the Stock Material dialog box,
click the down arrow button and Bar stock parameters
select 304L for the Common ZFaNg [675n =
name, then click OK. Length: [6.85n =
6. Click OK to close the dialog box. Diameter : [4in =
The Stock is updated in the Core Dia. - |Oin = Attb
. route |
graphlcs area. Same as Bounding E_l,llinder| | J
Notice the Stock line moved out
from the face by .100 (in the +Z- ok | cancel | Hep |
axis direction).

Step 5: Define Machinable Features

In CAMWorks, machining can be done only on machinable features. You use the following
two methods to define machinable features:

« Automatic Feature Recognition (AFR)

Automatic Feature Recognition analyzes the part shape and attempts to define most
common machinable features such as grooves, outside and inside profile features, and
face features. Depending on the complexity of the part, AFR can save considerable time
in defining turn machinable features.

« Interactively created features

If AFR does not recognize a feature you want to machine, you can define the feature
interactively using the Insert Turn Feature command.
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Using Automatic Feature Recognition (AFR)

Automatic Feature Recognition is one of CAMWorks' most powerful features. The idea of
AFR is to scan the part for features that can be machined. This process is much the same as
what you would do if you were to pick up a part that you had to machine. You would look it
over, take measurements, and begin deciding what machining processes you would need.

CAMWorks is not machining the SolidWorks features directly. It creates a separate list of
Machinable Features instead. This is because a single SolidWorks feature may have several
areas that need to be machined in different ways with different tools.

The part in this exercise contains the following machinable features, which are defined
automatically by CAMWorks:

Face Feature

OD Profile Feature
Rectangular Groove Features
Cutoff Feature

Define machinable features automatically:

1.

@ Click the Extract Machinable Features button on the CAMWorks toolbar or right
click NC Manager in the tree and select Extract Machinable Features on the shortcut

Then
. . . B CAMWorks 2007 Message Window f |
The Message Window displays. This EJ

H=1]| Initializing Automatic Feature Recognition Module...

window displays automatically to report el
enerating Setupsz...
the progress of the current process. . . M

Generating Setups is always the last item
in AFR. When you see it, you know the
process is almost complete.

fdvanced messages  Mav lines : | 100 i
|

You can control whether this window displays temporarily or permanently by selecting
the Options command on the NC Manager shortcut menu or the CAMWorks menu and
checking the Message Window option on the General =~ ] NCManager

tab in the Options dialog box. IFy Configurations
& Stock Manager[304L]

CAMWorks generates the Turn Setup and the 0=7 Example Turn-n
machinable features. The items display in the Feature =™y Turn Setupl
tree. [ Face Feature1 [Coarse]

. . [} 0D Featurel [Coarse]
The Turn Setup is the 2 axis (X and Z) plane. that the P4l Groove Rectangular OD1 [Coarse]
tool movement will be based on. It has an origin [H Groove Rectangular OD2 [Coarse]
location, and X, Y, and Z direction vectors. The Turn = CutOff Feature1 [Coarse]

Setup is created automatically; however, you can move 6 Recyde Bin

the origin and change the direction and angles of the

axis. Most turning applications work in the X and Z plane, which is relative to the
SolidWorks Y and X axis plane respectively.

When you define the Stock as bar stock, only one Turn Setup (X and Z) is created and all
features will be machined using tool orientations that are relevant for a rear turret
machine configuration.
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The Feature tree allows you to:

— Copy, rename, suppress, delete and combine machinable features
Change machinable feature parameters

Change the order in which the features are machined

Insert Turn features

— Search for a feature based on item name

— Hide or show feature display in graphics area

— Generate an Operation Plan and find the first operation for a feature

4 Did You Know ...
Features that have no operations and features that could not produce operations
because the feature conditions have not been defined in the Technology Database
display in a different color. You can set the color on the Display tab in the Options
dialog box.

Most feature parameters are fixed; however, some parameters can be changed using the
Parameters command on the feature shortcut menu.

2. Right click OD Featurel in the tree and select Parameters on the shortcut menu.

The OD Profile

parameters include the

. i Presview
length, maximum and Length (L] :6.75in
minimum diameter and Masimum dia. [D1] : din
maximum back angle. Mirimum dia. (D2) :2in

Since there is no physical
information about the type
of profile, CAMWorks

Finizh radiuz [R] : Oin

Maw. back angle (&) :-12.5288deg

allows you to define an Designation :
attribute for the profile. Thiead type :
3. Click the down arrow next Type:
to Coarse to see the
choices.
Attribute ;- |[®

Coarse, Taper, Reverse
Taper and Thread are
system attributes. User-

Spindle attribute : | p 5in w

Thread Parameters

kethad ID:
defined attributes are also Maior dia [M1)
listed. For example, RF80- S——
80 is a shortcut name for .
roughing and finishing the Mimi:mz :_
profile using 2 tools (80 '
degree diamond tools). T e r—

4. Leave the Attribute set to
Coarse and click OK or
Cancel to close the dialog box.
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Save the part with the machinable feature data:

5. % Click the Options button the CAMWorks toolbar.

Note that you can also click CAMWorks on the menu bar or right click NC Manager in
the tree and select the Options command.

6. Make sure the Save/Restore part option on the General tab is checked, then click OK.

If this option is checked, when you save and close a part document, the machining data is
saved. When the part document is opened again, the machining data is restored along
with the part design information.

If this option is not checked, when you save and close a part document that contains at
least one CAMWorks Setup, a message indicates that Save/Restore is disabled. If you
click Yes, CAMWorks saves all CAMWorks data before closing the file. If you click No,
CAMWorks closes the part and discards any new CAMWorks data since the last save.

7. Click Save As on the File menu.
8. In the Save As dialog box, type ewturnl and click the Save button.

Make sure you save frequently. When you open a file, you are actually working on a
copy of the file. The original is still stored on disk. Periodically saving your file ensures
that your latest work is retained.

Defining Features Interactively

Automatic Feature Recognition can save a significant amount of time; however, AFR does
have limitations. AFR cannot recognize every feature on complex parts and does not
recognize some features such as certain types of grooves. To machine these areas, you need
to define machinable features interactively using the Insert Turn Feature command.

CAMWorks also provides the flexibility to edit machinable features to accommodate
machining requirements. For example, if you want the OD machined in segments to take into
account possible machining rigidity, you can define features for the segments in the OD
Feature as shown in the following exercise.

In this exercise, you insert an OD Feature so that you can rough turn the first OD step of the
part. This OD segment will be finished in the Turn Finish operation for OD Featurel.

1. Right click OD Featurel in the Feature tree and select Insert Turn Feature on the shortcut
menu.

The Insert Turn Feature dialog box displays. The profile of the part is shown. If
necessary, move the dialog box to view the part.
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Step 6:

. Pick the first OD profile segment to

the right of the groove closest to the
face to select it.

The single segment is highlighted.

. Click the down arrow next to the 1 :
Feature info list box.
The turn machinable features that can | Define from  Selected entities I~ ‘window selaction
be inserted are listed. Extend 1
Sketchl Selected 1 — Extend

Select OD Feature. Estend 2 " None

. .  Along 2
Click on Extend 2 in the Selected & Along
entities list, then select Along X in the " Tangential

— Feature info

Extend group. Iﬁ [~ Reverze

) ) t -
This terminates the feature at the end —
of the segment and up to the Stock «—

major OD.
Click OK to close the Insert Turn Feature dialog box.

OD Feature2 displays in the Feature tree. You have now defined all the
machinable features in this part.

. Drag OD Feature2 above OD Featurel in the tree.

You need to reorder these features because you want to rough OD Feature2 before cutting
the entire OD. If you generated operations and toolpaths without reordering, CAMWorks
would generate toolpaths for OD Featurel first, which includes the segment in OD
Feature2. Toolpaths would not be generated for OD Feature2 since there would be no
material left to remove.

Generate Operation Plan and Adjust Operation Parameters

An Operation Plan contains information on how each machinable feature is to be machined
and how the NC code will be output. When Generate Operation Plan is run, operations for
each machinable feature are created automatically based on information in the TechDB.

{1 Did You Know ...

In some situations, the operations defined for a feature in the TechDB may not be
sufficient and additional operations may be required. You can insert operations
manually using the Insert Turn Operation command. This command is explained in the
CAMWorks online Help.

1. Click the Generate Operation Plan button on the CAMWorks toolbar or right click

Turn Setupl in the Feature tree and click Generate Operation Plan on the shortcut menu.
CAMWorks generates the operation plan for all the machinable features in Turn Setupl.

The Operation tree displays and lists the operations that were % |72 | m@
generated. You can also click the Operation Tree tab to display the

Operation tree.
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The Operation tree provides an outline view of the operations for the machinable
features. Operations are listed under the Turn Setup in the same order as the machinable
features. At the top of the tree is the NC Manager. The Stock Manager and Machine
items function the same as in the Feature tree. You can change the definition of your
material block and the controller definition used by CAMWorks to produce G-Code.

The Operation tree allows you to: O IN%f Manager
_ ; Configurations
Insert, rename,. suppress and delete operations & Stock Mansger[304]
— Change operation parameters =" Example Turn-n
— Edit the feature list =y Turn Setupi [Turn OpSetup1]

_ Change the machining order + E? Face Roughi[T13 - 0.0313x580% Diamond]
+ E? Face Finish1[T13 - 0.0313x80° Diamond]

— Generate tOOIPaths + E Turn Rough1[T13 - 0.0313x580% Diamond]
— Simulate too]paths + E Turn Finish1[T13 - 0.0313x80° Diamond]
— Hide or show toolpath dlsplay + E Turn Rough2[T13 - 0.0313x580% Diamond]

E Turn Finish2[T14 - 0.0313x35% Diamond]
— Post process the toolpaths

l'f'J Rough Groovel[T15 - 0.125 Groove]
— Search based on an item name % Finish Groove1[T15 - 0.125 Groove]

l'f'J Rough Groove2[T15 - 0.125 Groove]
l'f'J Finish Groowe2[T15 - 0,125 Groove]
[ Cut OFf1[T16 - 0.125 Groove]

Click the plus sign (+) next to Turn Finishl. :
&ff Recyde Bin

Clicking a plus sign displays the name of the
machinable feature that this operation is going to
machine.

1% Did You Know ...
If an operation displays in a color instead of black, then toolpaths have not been
generated. This occurs when you insert a new operation interactively, you insert a
new feature interactively and generate operations for the new feature, or
CAMWorks cannot generate the toolpath for an operation because of an error in the
toolpath algorithm or a parameter is not correct. You can set the color on the
Display tab in the Options dialog box.

Right click Turn Finishl, select Delete on the shortcut menu and click Yes to confirm the

deletion.

— Based on the information in the TechDB, rough and finish operations were generated
for OD Feature2. In this exercise, you want to finish turn this OD segment in the
finish operation for the entire OD (Turn Finish2) so you can delete the finish
operation.

— Ifyou typically machine the OD in segments, you can customize the TechDB and set
up an Attribute to generate only a rough turn operation for this type of OD feature.

The operations that are generated by CAMWorks are based on information stored in the

Technology Database. Each operation contains parameters that affect how the toolpath is

created and specific parameters that will be output to the NC program. These parameters

can be edited before generating the toolpaths and post processing the part.

Right click on Turn Roughl (OD Feature2) and select Edit Definition on the shortcut

menu.

The Operation Parameters dialog box displays.
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This dialog box gives

you access to all the : — :
Tool | Rough Tum | NC Lead In/Out | Feature Options | Statistics || Posting
parameters used to define
the toolpath ThlS dlalog Frofile parameters Allowance
box also provides access Firzt cut amount : S Radial <1 {0 01in ¥
to the parameters for the e (. in v Adial )] 0.0%in -
tool you arc using and Final cut amount - |01k ¥ C
x ut type
al.IOWS you to select a Step in angle O Radial cut
different tool. Step in amont © (%) Aial cut
5. Click the Rough Turn tab Step out angle -
and change th.e First cut Step out amount Work in process
amount to .15in. Cansider 'wIP
) [] Underzut
6. Click the other tabs and Generate WIF
view the parameters. s crelaE D
When you cut your own

parts, you can adjust
these values for your machining requirements.

7. Click OK to close the dialog box.
Step 7: Generate Toolpaths

CAMWorks calculates toolpaths using the operation parameters to define how to machine
each machinable feature.

1. M Click the Generate Toolpath button on the CAMWorks toolbar or right click Turn
Setupl in the Operation tree and select Generate Toolpath on the shortcut menu.

CAMWorks calculates the toolpaths for each operation in the Setup.
2. Hold down the Shift key and select the first and last operation in the tree.

The toolpaths for all the operations display on the part showing the centerline of the
toolpath.

3. Left click an operation in the Operation tree.
— The toolpath for that operation displays. As you click each operation, the toolpaths for
that operation display.

— Turning operation parameters can be edited and the operation can be renamed, moved,
suppressed, deleted, etc. after toolpaths have been generated. If you make any
changes, the toolpaths must be updated by selecting Generate Toolpath again at the
Setup level.

Simulate Toolpaths

CAMWorks provides the ability to simulate the toolpaths showing the tool movement and
the resulting shape of the part.
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ﬂ Click the Simulate button on the CAMWorks toolbar or right click on Turn Setup1

and select Simulate Toolpath. oS ——— r‘XT
The Turning Simulation toolbar En = —
displays. Some of the options you | P | P | " ® 8 E| | Ls
can select to customize the ¥ %| & | 1 | | @| | w[m

simulation include:

— Update the Stock after each cut or show the completed part at the end of the
simulation.

— Change the display of the stock, tool, tool holder, and target part (wireframe,
translucent, shaded, or no display).

— Run the simulation to the end or advance by single step or by feature.

— Compare the design part and the simulated part during simulation.

— Show a cross section of the material removal.

— Show holder and fixture collisions.

— Control the simulation speed by dragging the Simulation Speed Control slider.

If you want to simulate only the toolpath for a given operation, you can right click that

operation, then select Simulate Toolpath.

Set the toolbar buttons as shown in the figure above.

2| Click the Run button,
The simulation runs in Tool mode with the tool displayed during simulation.

&3 Click the X button in the upper right corner to exit the simulation and return to the
SolidWorks display.

1% Did You Know ...

CAMWorks provides an option to display the XZ position of the tool in the Message
Window during simulation. To activate this option, select the Options command on the
CAMWorks menu or the NC Manager shortcut menu. On the General tab, select the
Message Window option. On the Simulation tab, select the Display Coordinates option.

Change the Machining Order

Operations are generated in the same order that the =™ Turn Setup1 [Turn OpSetup1]

machinable features are listed in the tree. This may not

+ Ej Face Rough1[T22 - 0,0313x80 Diamond]
+ Ej Face Finish 1[T22 - 0.0313x30 Diamand]

cut the part in the order.ygu thmk‘ls most efficient or 3-{ Turn Rough1[T22 - 0.0313%80 Diamond]
practical for your machining requirements. You can - Turn Rough2[T22 - 0.0313x80 Diamond]

drag and drop operations in the tree to reorder them.
1.

2. M Click the Generate Toolpath button on the

ﬂ Turn Finish2[T23 - 0.0313x35 Diamand]
E‘J Rough Groove2[T24 - 0,125 Groove]

E‘J Rough Groove 1[T24 - 0,125 Groove]

E‘J Finish Groove2[T24 - 0,125 Groove]

E‘J Finish Groove1[T24 - 0,125 Groove]
[ cut OFFA[T25 - 0.125 Groove]

Drag and drop the Groove operations in the order
shown in the tree on the right.

o R oy O O O

CAMWorks toolbar.

If you change the order after you generate toolpaths, you must re-generate the toolpaths
so that the work in process can be updated.
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3. Right click Turn Setupl and select Simulate Toolpath.

4. Ll Run the simulation and notice that the groove closest to the face is cut first and both
grooves are rough cut, then finished.

Step 8: Post Process Toolpaths

Post processing is the final step in generating the NC program file. This step translates
generalized toolpath and operation information into NC code for a specific machine tool
controller. CAMWorks creates NC code for each toolpath in the order the toolpath operation
appears in the Operation tree. When you post process a part, CAMWorks creates two files:
the NC program and the Setup Sheet. These are text files that you can read, edit and print

using a word processor or text editor.

In this exercise, you post process all the operations and generate the NC program:

1. @ Click the Post Process button on the CAMWorks toolbar or right click NC Manager
in the Operation tree and select Post Process on the shortcut menu.

The Post Output File dialog box [ Post Output File

displays so you can name the NC
program file.

If you are running CAMWorks in
Demo mode, the Post Output File
dialog box does not display
because you cannot save NC
code in Demo mode.

3

Save in: | () Eramples v O * e -

|0 4-5axisill ICwhats Mew

| Assemblies

[C3IEDM

Il

ICIMill-Turn

aTurn

Flenane
Save as type: | Fantutl [t w

Typically, the NC program and Setup Sheet files are stored in the folder that contained
the last part that was opened. If you want these files in another location, you can change

the folder.

If Post Process is grayed out on a menu or the CAMWorks toolbar, make sure that you
have selected a post processor and generated the toolpaths.

2. Click the down arrow to the right of the Save as type box.

CAMWorks provides a list of commonly used extensions that you can select. For this

exercise, use the #xt extension.

1% Did You Know ...

If you want change the default extension from #xf to one of the ones in the list or if
you want a different file name extension for NC program files, you can edit or create
a .pinf file and specify the new extension. For more information on making these

changes, see the online Help.
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3. If cwturnl is not in the File name text box, type CWTURNI, then click Save.

You do not have to type the extension if you are using the default .£cz. Naming the post
output file the same as the part file is the most common way of saving parts and NC
programs. Both files can have the same name because they have different extensions.

The Post Process Output dialog box Post Process Output HE
displays. Dizplay
. P P> ool
4. Click the Step button at the top of the JJBL_J\ [ Centerline

Post Process Output dialog box. [N_C_ _______ ,_"*'"\\"* NE code
code autput;
CAMWorks starts to generate the NC 11 97 ST000MOS, Run ~
program and the first line of NC code N13 GI6 5374 Step
: . . N14 344333
displays in the NC code output view boxX. | |n15:4 233320767
When you click the Step button, 115 o 904 1625 20413 F. 0082
CAMWorks generates one line of code. e a2z
5. Click the Step button again. Kt M

. . Controller: | C:\Program Files\Cabdw ok 20064 posts\FAM TUTLM. ot
The next line of NC code displays.

. Bytes: [3797
6. Click the Run button.
P t . t. tl .t . Parameter Value -~
0s prOCCSSlng continues until 1t 18 Machine Mame TUTORIAL LATHE/MILL
completed. Controller Type | GENERIC FANUC
. . . Z Home 20.000007 K
When the post processing is finished, you | '-- s
can view the code using the vertical
SCI'OH bar. QK ] [ Cancel l [ Help
7. Click OK to close the Post Process
Output dialog box.

/% More About Setup Sheets

The Setup Sheet is a printable file that contains information the machine tool operator can
use to set up the part and the tools required to produce a part. The information includes
the machine, the controller, estimated machine time, the part material, and the tooling
used to machine the part.

CAMWorks provides two methods for creating Setup Sheets:

— During post processing, CAMWorks automatically creates a simple text file with a
.set extension.

— The Setup Sheet command on the NC Manager shortcut menu allows you to generate
a Setup Sheet that is based on an Access database report template and store the
information in the Report Database to view at any time. CAMWorks supplies several
report templates that can be used as is. You can also open the Report Database in
Access and create customized reports based on these templates or design your own
original reports.
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What You'll Learn
Extracting and Working With Machinable Features

CAMWorks is a feature-based machining system. Feature-based machining provides
numerous benefits because the definition of the feature enables a higher level of automation
when creating machining operations and associated toolpaths. Adding to this benefit,
CAMWorks provides both an automatic method of extracting features called Automatic
Feature Recognition (AFR), and an interactive method using the Insert Turn Feature
function. A CAMWorks file can contain both types of features.

The following feature types are currently supported:
« Face Feature
A Face feature exists on the outermost portion of the part.

« OD Profile Feature
An OD profile feature covers the entire outer surface of the part.

« ID Profile Feature
An ID profile feature covers the entire inner surface of the part.

« Groove Feature with vertical walls
A Groove is a feature that is totally closed and below the surrounding features.

— Grooves are further broken down into one of two categories: rectangular and
outbound.

— Three types of grooves are supported: OD Groove, ID Groove, and Face Groove.

« Cutoff Feature
A Cutoff feature is generated on the opposite side of the Face feature when the Stock is
defined as bar stock. A Cutoff feature is similar to a face and can be converted to a Face
feature for two-step turning operations.

This exercise demonstrates the types of features identified automatically by the Extract

Machinable Features command.

1. Open the part file TURN2AX 3.SLDPRT in the |\Examples\Turn folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Turn).

2. Examine the part.

You can recognize various sizes and
shapes of faces, profiles and grooves. It
would appear that CAMWorks extracts
features based on SolidWorks features
used to create the part. As you will see,
this is not necessarily so. Notice that the
design tree contains no design features.
This part was imported into SolidWorks.
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In this exercise, you will see how CAMWorks determines machinable features.

3.
4.

Click the CAMWorks Feature Tree tab.

=" Right click the Machine in the Feature tree and select the Edit
Definition command on the shortcut menu.

Highlight Example Turn—in and click the Select button.

This machine definition has been created for the CAMWorks exercises. When you use
CAMWorks to machine your own parts, select the machine tool you want to use to

machine the part.

Click the Tool Crib tab.
Make sure Inch Turret 1 is the

Machine | Tool Crib | Cortroller || Posting || Setup

Available tool cribs
Active tOOl Crib. Turret type:
From this page, you can add, Front & Ao Turet
remove and edit tools in the Tool
Crib. [ Select ] [ Save...

Cumert Information :

Select a tool from the Active tool
crib list and click Edit. Name ___[inch Turret ‘

No. of Station| 16

Active tool crib : Inch Turret 1
Usage| Stn Ho.| Type | Inser| Inci | Insc | Ftadiu| Ftadiu|width| Ra
1|Turn Tool |Diamo | &0deg|0.5in | 0.031
2 |Turn Tool |Diamo | 55deg|0.5in | 0.031
3 [Turn Tool |Diamo | 35deg|0.5in | 0.031
4 |Turn Tool |Groov 0.007 | 0.007 |0.082i
5|Turn Tool |Threa |G0deg 0.006
& |Turn Tool |Diamo | 80deg|0.125i 0.002i
7 | Drill
2| Drill
5| Turn Tool |Groov 0.007 | 0.007 [0.125i T

4 b

[ Add... ] [ Remove ] [ Edit... ] [ Save... ]

The Operation Parameters dialog box displays —Eiae e e
three tabs that allow you to change the
parameters for the selected tool. The changes
you make in this dialog box affect only the tool
crib for the current part. To change the tool

Parameters | Diamond Inzert | Holder

T ool number : E

definition for all future jobs, you need to edit Tool usags:
the Tool Crib definition in the Technology TechDB D :
Database. Comment - | DWINL-164C YNMG-432

Click the tabs to view the tool parameters, then
click OK to close the Operation Parameters dialog box.

10. Click the Add button in the Machine dialog box.
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11.

12.
13.

14.

15.
16.
17.

The Tool Select Filter dialog box displays. This dialog box allows you to set filters for
displaying and selecting tools.

Click the down arrow next to the Tool type, select Turn Tool and click OK.
The Tools Database form for Turn Tools displays.

This form allows A\ VMl Tools Database - Turn Tool (inches) EHE
FO add an CXlStll’lg tOOl 1D OH Insert Type| InsertlD InsertSummary InsertTabRecSrc j
m the TCChDB tO L E E 2 1 0.10%Width Groove Insert | TurnGroovelnsert_in
your Tool Crib. The 7 x 1 13 CHMG-432 TurnDiamondinzert_in
1. . ll h g B 1 251 Dhhdiz-432 TurnDismondinzert_in
1st contains all the 9 X 1 369 WAG-452 TurnDiamondinsert_in
tools that have been 10 g 3 22 MT-2RK all TurnThreadinzert_in
. 11 k3 1 1 Chiviz-431 TurnDismondinzert_in
entered nto the 13 x 1 13 ChMG-432 TurnDismondinzert_in
TechDB. You cannot 14 | & |1 13 CHMG-432 TurnDismondinsert_in
use thlS form to add 148 x 1 251 DrdhiG-4532 TurnDiamondinsert_in
16 x 1 251 Drhiz-452 TurnDismondinzert_in
new tools to the 17 K1 251 DNMG-432 TurnDismandinzert_in
TechDB.

Click OK or Cancel to close the Tools Database.

Click the Controller tab in the Machine dialog box and make sure FANTUTL (the tutorial
post processor) is selected.

FANTUTL is the controller used for the exercises in this manual. When you use
CAMWorks to machine your own parts, select your machine tool controller or post
processor.

Click the Posting tab.

These parameters provide information required to generate the NC program. When you
use CAMWorks to machine your own parts, change these parameters as required.

Click OK.
Right click the Stock Manager in the Feature tree and select Edit Definition.
Change the Length of the bar stock to 6.85in and press Enter, then click OK.

Extract machinable features:

1.

@ Click the Extract Machinable Features button on the CAMWorks toolbar.

The CAMWorks Message Window displays. This ) NC Manager

window shows the progress of the process. Bty Configurations
':E} Stock Manager [1005]

When AFR is finished, the Feature tree displays the B f———

machinable features. Five machinable features were -y Turn Setupl

found by AFR. The Feature tree is designed to work [ Face Feature 1 [Coarse]
similar to the SolidWorks FeatureManager design tree. [ OD Feature1 [Coarse]

From the tree, you can reorder features (using drag and E:ﬂﬂ E:EE: E:E:::Et:::: gg; {EE:E:}
drop), change feature names and suppress features. [ Cut0ff Feature [Coarse]

&f Recyde Bin
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Feature recognition also created Turn Setupl. The Setup defines the tool e
direction necessary to machine these features. The origin of the Setup is  pwwm

program zero for the Setup. By default, the origin is set to the front of the 3
part. In some situations, you will want to change this. Exercise Turn 4 14

explains how to change the origin.

OD Feature1

Groove Rectangular OD1
/— Groove Rectangular OD2

Face Feature1

2. Click each machinable feature in the Feature tree.

As you pick each machinable feature, the geometry for that feature highlights on the part.
Machinable features are recognized based on the part's geometry (the shape of a feature) and
topology (how the features are related to one another). However, not all attributes of a
feature can be determined from the geometry and topography. For example, AFR cannot

determine that a ID profile has been threaded, reamed or bored. CAMWorks allows you to
specify additional attributes to a feature so that more accurate operations can be created.

3. Right click OD Featurel and select Parameters.
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The Parameters dialog box provides a geometric and dimensional report on the feature
and allows you to assign additional information to the feature. Depending on the

Attribute, a different 0D Profile Parameters HE
machining process can be
. Presiew
assigned. You can change Length [L) :6 75in
how each feature is e e LR
processed by defining the Minimum dia. [D2) : Zin
sequence in the

Finish radiuz [R] : Qin
Technology Database.

M ax. back angle [&] :-12.8deg

4. Click the down arrow to Designation :
the right of the Attribute T _
read bype

box.
Type:

The attributes in the list are
user-defined attributes that
have been set up in the
TechDB for other operation
sequences. After you have

Attribute : | Coarse b’

Spindle attribute :

Taper

Reverze Taper
Thread Parameters RFa0-a0

learned how to use Meathod

RFS0-55 ID:
CAMWorks, you can Al L + bior dia (M1
modify or delete these user- Thread depth -
defined attributes and you Pitch [P
can define additional Minor dia (M2)
attributes to customize the
TechDB. ok | [ cCancel | [ Heb

5. Leave the Attribute set to
Coarse.

This attribute has been defined to generate Rough Turn and Rough Finish operations
using an 80-degree diamond insert.

6. Click OK to close the dialog box.

7. Review the parameters of other machinable features to understand more about the
features.

Generate the operation plan for OD Featurel:
1. Right click OD Featurel in the tree and select Generate Operation Plan.

The Operation tree lists Turn Rough and Turn ) NC Manager

.- : |& configurations
Finish operations for the OD feature. %> Stock Manager 1005

2. Right click Turn Setupl and select Generate (=" Example Turn-in
Toolpath. =™ Turn Setupl [Turn OpSetupi]
+ ﬂ Turn Rough1[T1 - 0.0313x80% Diamond]
+ ﬂ Turn Finish1[T3 - 0.0313x35% Diamond]
‘& Recyde Bin
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Notice the amount of material
remaining after the Turn Rough
operation. The back angle of the
insert does not allow the tool to
machine the entire feature.

ﬂl Click the CAMWorks Feature
Tree tab to return to the Feature tree.

Right click OD Featurel and select
Parameters on the shortcut menu.
Set the Attribute to RF80-GR, then click OK.

This attribute has been defined in the TechDB to generate rough turn, finish turn rough
groove and finish groove operations for an OD Profile feature.

Right click OD Featurel and select Generate Operation Plan 33

Generate Operation Plan.

For the zelected feature(z), do you want to Update the operation list for

If Generate Operation Plan has been run features without any operations or delete and regenerate all operations?
once, CAMWorks displays a dialog box
with choices:

Update: Select this option to generate | Updste | |[Regererate | [ Cancel | [ Hep |
operations for new features or if you
have deleted previously generated
operations for existing features. The operation list will not be updated for features that
have previously generated operations.

Regenerate: If you select this option, all previously generated operations are deleted and a
new operation list is created. If you have modified any operations, these modifications

will be lost. N ) NC Manager

. . . |5 Configurations
Click Regenerate to delete' the previous operations @ Stock Manager[1005]
and generate a new operation list. (=" Example Turn-in

="y Turn Setupl [Turn OpSetupi]

The Operation tree lists four operations for the OD P L

feature. ET Turn Finish2[T1 - 0.0313%80° Diamond]
Right click Turn Setup1 and select Generate t:J el L LERSER e Lo
Toolpath U Finish Groove1[T13 - 0,125 Groove]

'&ff Recyde Bin

Notice the toolpaths generated by the
groove operations.
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9.

10.

Click the Generate Operation Plan button on the CAMWorks toolbar.
The Generate Operation Plan message window displays again.
Click either Update or Regenerate.

Since you have not changed any machining parameters for the operations that have
already been generated, you could select either Regenerate or Update. If you had
modified these operations, you would want to select Update to generate an operation list
only for the features that do not have operations.

The Operation tree now contains operations for all machinable features in the selected
Turn Setup.

To generate the NC code for this part, you would:

Adjust the operation parameters as required
Reorder the operations in the tree if necessary
Generate toolpaths

Run the Toolpath Simulation

Readjust operation parameters if necessary
Post process the part

£ Did You Know ...

Depending on your machining preferences, you could delete the OD feature and the
two rectangular groove features found by AFR, then interactively insert an OD feature
that includes the grooves. This feature could be machined completely with the
operations generated by the RF80-GR attribute. The next exercise explains how to
insert Turn features.
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Turn 3

What You'll Learn

« Inserting an OD Profile for Threading

« Reorganizing Machinable Features

« Suppressing Machinable Features

« Generating an Operation Plan and Toolpaths
« Post Processing Toolpaths

In this exercise, assume that the part starts out as a casting and machining is required only for
the features up to the larger diameter.

In Turn Setupl, you face the part, rough and finish the OD profile, rough and finish the
rectangular grooves and cut the part off.

1. Open part file TURN2AX _1.SLDPRT in the \Examples\Turn folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Turn).

2. ﬂl Click the CAMWorks Feature Tree tab.

3. = Right click the Machine in the Feature tree and
select Edit Definition on the shortcut menu.
— Highlight Example Turn—in and click Select.

— Click the Tool Crib tab and make sure Inch
Turret 1 1s the Active tool crib.

— Click the Controller tab and make sure
FANTUTL is selected, then click OK to exit the Machine dialog box.

4. Right click Stock Manager in the Feature tree and select Edit Definition on the shortcut
menu.

The Manage Stock dialog box displays.

By default, the Stock shape is a cylinder whose dimensions enclose the part. For this
example, the part is machined from bar stock that has .10in material to be removed from
the face. Assume that the largest OD of the part is to size and is not machined in this
Setup. Since CAMWorks currently defines the Stock as round bar stock, you will use the
default round shape and offset the minimum Stock size by .10in in length.

5. Change the Length of the bar stock to 6.85in and press Enter.
6. Click OK.
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. ) NC M
7. E Click the Extract Machinable Features button on Ell% Cz:;iirramns
the CAMWorks toolbar or right click NC Manager and ¢y Stock Manager [304L]
select Extract Machinable Features. =" Example Turn-in
. . ="y Turn Setupl
Turn Setupl is created and AFR recognizes five [;r nFa:E Eeam,.el [Coarse]
features. [} COD Featurel [Coarse]

ﬂ=€| Groove Rectangular QD1 [Coarse]
ﬂ=€| Groove Rectangular QD2 [Coarse]
% CutOff Feature 1 [Coarse]

Left click Turn Setupl in the tree and notice the & RecydeBin

machining direction indicated by the datum that

displays on the part model.

You can change the machining direction using the Edit Definition
command on the Turn Setup shortcut menu.

For this exercise, you can use the current machining direction.

Inserting an OD Profile for Threading

Now that a Turn Setup has been defined, you can create an OD profile feature to thread the
part. The OD Feature is created using the Insert Turn Feature command.

1.

Right click OD Featurel in the Feature tree and select Insert Turn Feature.
The Insert Turn Feature dialog box displays.

Pick the OD profile on the right at the 4
part face.

Notice that as you move your cursor
over the profile, the entities change
color and are highlighted.

Turn features are defined by an
outside shape and optionally inside
shapes to represent profiles. These

Insert Turn Feature

[refine from Selected entities [I'windaw selection

<Part Profile:

shapes can be sketches or part profiles Sketch Selocted 1 Estend

found by AFR that are normal to the Extend 2 D ere

current Setup. $ e
() Along ¥

If the dialog box obstructs your view of |  Feature info O Tangential

the part, drag the title bar of the 0D Featwe %

window to a new location. Losshank

Make sure OD Feature is selected in Attribute

the Feature info list. v

Click the down arrow next to the Spindle type

Attribute list box and select Thread. Man =

The Thread attribute has been defined

in the TechDB to generate a thread ok J [ Concel | [ Heb

operation.
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5. For Extend 1 and Extend 2, make sure None is selected in the Extend group.

If CAMWorks is calculating the Work In Process (WIP), ID and OD Thread features
should not be extended in either Z or X. If you extend Thread features, CAMWorks
determines the feature length relative to the WIP and may extend the feature to start
threading closer to the face than you want. Typically, this would occur when the thread
feature is not located at the face of the part.

Click OK.
A feature labeled OD Feature 2 is listed under OD Featurel in the Feature tree.

Reorganizing Machinable Features

To change the machining order, you can reorder either the machinable features or the
operations that are generated for the features. You can drag a feature in the Feature tree from
the current location to a position above or below another feature in the same Setup.

1.

Click Groove Rectangular OD1, then click Groove Rectangular OD2 and notice the order
the grooves are highlighted on the model.

This may not be the order you want to machine these features.

Hold down the left mouse button and drag Groove =" Turn Setupl
Rectangular OD1 over Groove Rectangular OD2, then [ Face Featur1 [Coarse]
D} 0D Featurel [Coarse]
release the button. R 0D Featurez [Thread]
Notice that as you drag the item, an arrow displays to | glGroove Rectangular D2 [Coarse]

ﬂ=€| Groove Reckangular O01 [Coarse]

indicate where the item will be positioned. Rectangular [31 (o Faatured [Coarse]

OD?2 is now listed before Rectangular OD1 and will be
machined first.

Suppressing Machinable Features

You can suppress a machinable feature and machine the feature later. Suppressing a feature
prevents operations (and associated toolpaths) from being created for that feature. For
example, if there is not enough tool capacity to do threading on the machine you are using,
you can suppress OD Feature2 and output the thread operation separately.

1.

Right click OD Feature 2 in the Feature tree and select Suppress on the shortcut menu.
The OD Feature2 icon is grayed out in the tree.

2. Click Save As on the File menu.

3. Type ewturn3 and click the Save button.

Generating an Operation Plan and Toolpaths

1.

Click the Generate Operation Plan button on the CAMWorks toolbar or right click
NC Manager in the Feature tree and select Generate Operation Plan.

Operations are created for the machinable features in the Turn Setup.
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The operations are in listed in the Operation tree. =" Turn Setupl [Tum OpSetup1]
E’j Face Roughl1[T1 - 0,0313x50 Diamond]
2. ﬁl Click the Generate Toolpath button on the {7 Face Finish1[T1 - 0.0313x60 Diamond]

{2 Turn Roughl[T1 - 0.0313x80 Diamand]

CAMWorl.(s toolbar or right click Turn Setupl in -2 Turn Finishi[T3 - 0.0313x35 Diamond]
the Operation tree and select Generate Toolpath. i 1 Rough Groovel[T13 - 0.125 Graove]
3. Check the CAMWorks Message Window. -1 Finish Groove1[T13 - 0,125 Groove]
E'J Rough Groovez[T13 - 0,125 Groove]
— The Message Window provides information you w8 Firish Groove2[T13 - 0,125 Groove]
may find helpful. For example, based on the B[ Cut Off1[T14 - 0.1 Groove]

information in this window, you may want to
change a tool or insert a finish operation in order to cut a machinable feature
completely.

— Ifthe Message Window is not displayed, select Options on the NC Manager shortcut
menu or the CAMWorks menu and check the Message Window check box on the
General tab.

— You can move and resize the window. To change the size, point to a border or corner
of the window (the pointer changes to a two-headed arrow). Drag the corner or border
until the window is the size you want, then release the mouse button.

4. Experiment by changing parameters for the operations and regenerating the toolpaths for
all operations in the Setup.

{9 Did You Know ...
When you change operation parameters after generating toolpaths, we recommend
that you regenerate toolpaths at the Setup level so the work in process can be
updated correctly.

5. Right click NC Manager and select Simulate Toolpath.

6. P Click the Section View button and select Half.
7. Select the following display options:

| &

Stock Translucent Display

Tool Shaded Display

|2
o .
— | Target Shaded Display

8. Rotate the part, if necessary, so
you can see the simulation.

9. LI Click the Run button.

10. B Click the X button in the
upper right corner of the
Simulation toolbar to exit
Simulation mode.
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Post Processing Toolpaths

1. @ Click the Post Process button on the CAMWorks toolbar or right click Turn Setup1
in the Operation tree and select Post Process.

2. In the Post Output File dialog box, click Save to accept the default file name
(cwturn3.txt).

Note that if you are running CAMWorks in Demo mode, this dialog box does not display.

3. In the Post Process Output dialog box, check the Display Centerline option so that the
toolpath will be highlighted as each line of code is produced.

4. Click the Run button (the double arrow).
NC code is generated.
5. After viewing the code, click OK.

v Did You Know ...
You should save the part frequently. If you want the CAM information saved with the
part, make sure that the Save/Restore part option is checked on the General tab in the
Options dialog box before you save. When you open the part, make sure that
Save/Restore is checked or the CAM information will not be restored.
The General tab in the Options dialog box also has an Auto save option for
automatically saving your CAMWorks data.
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What You'll Learn

« Defining the Stock as a Forging or Casting
+ Defining Additional Turn Features
« Deleting an Operation
« Adjusting Operation Parameters
« Defining Program Zero
This lesson guides you through the steps for the sequence of machining the part shown
below. The bottom depressions of the part will not be machined in this exercise. The
machining sequence is:
— Rough and finish the face of the part
— Rough and finish the OD profile
— Rough and finish the groove

1. Open the part TURN2AX 4.SLDPRT in the \Examples\Turn folder inside the
CAMWorks folder (e.g., \Program
Files\CAMWorksxxxx\Examples\Turn).

2. Click the CAMWorks Feature Tree tab.

3. [ Right click the Machine and select Edit
Definition.

+

+ +

— On the Machine tab, make sure that Example
Turn-in is the active machine.

— Click the Tool Crib tab and make sure Inch
Turretl is the Active tool crib.

- Click the Controller tab and make sure
FANTUTL is selected, then click OK.

Defining the Stock as a Forging or Casting

In this example, the Stock is a forging. A sketch named Stock Profile has already been
created in this part to represent the forging.

1. Right click the Stock Manager and select Edit Definition.

CAMWorks automatically calculates the Stock size based on the smallest cylinder
possible. You can change this definition by specifying a sketch to use.

2. Select Revolved for the Type. ~Type
3. In the Available sketches list, select LBasiosk——yp- * Revolved _ Metera_|
SE)Ck P?)lﬁlek h h — Ear stock parameters Awailable sketches
The profile sketch representing the oo i = [
shape of the stock is highlighted on the ' :I |5kelch1
part model.
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4. Click OK. An outline of the stock displays in the graphics area.

5. @ Click the Extract Machinable Features button on the CAMWorks toolbar or right
click NC Manager and select Extract Machinable Features.

The recognized features in Turn Setupl are the Face Feature, an OD Feature and a
Rectangular OD groove. CAMWorks also created a separate setup for the second side of
the part, which includes a Face feature. When the Stock is defined from a sketch,
CAMWorks creates a second setup with a Face feature.

When AFR is run on some parts, CAMWorks may not recognize all the features you
want to machine or AFR may recognize a feature that might not be suitable for the
intended machining process. When this occurs, you can delete unwanted features and
define features interactively. For learning purposes, in this exercise you delete the
rectangular OD groove and insert the feature

interactively.

6. Right click Groove Rectangular OD1 in the tree and

select Delete on the shortcut menu.
7. Click Yes to confirm the deletion.

The feature 1s moved to the Recycle Bin. Deleted

features are automatically placed in the Recycle Bin,
which is used to store machinable features that you do

not intend to machine.

\\j Turn Setupl

a NC Manager

|&, configurations

Turn 4

2 Stock Manager[1005]

(=" Example Turn-n

[:II’ Face Featurel [Coarse]

th 0D Feature 1 [Coarse]

Groove Rectangular QD1 [Coarse]

=™y Turn Setup2

[:II’ Face Feature? [Coarse]

&l Recyde Bin

8. Click the minus sign to the left of the Recycle Bin to collapse it.

Defining Additional Turn Features
You can now define a rectangular OD groove

feature to machine the undercut.

1. Right click OD Featurel and select Insert

Turn Feature.

2. Select <Part Profile> in the Define from list.

Inzert Turn Feature

All profiles in the current section
plane are highlighted on the model.

3. Change the Feature info to Groove
Rectangular.

4. Make sure the Attribute is Coarse.

5. With the Window selection check box
checked, select the geometry for the
groove by drawing a window around
the groove entities as shown in the
figure.

The Selected entities list should
contain 5 selected entities and 2
extend entities.

— Define from

Shketchl
Stock Profile

—Ygature info

IGru:unve Rectangl VI

Locatian :
oo i
Aftribute :

Ianrse "I

—+

— Selected entities

Eutend 1

Selected 1
Selected 2
Selected 2
Selected 4
Selected 5
Eutend 2

—

W Window zelection

— Extend
" Mone

" Along Z

™ Tangential
[~ Reverse
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6. Pick Extend I and set the Extend to Along X.

7. Pick Extend 2 and set the Extend to Along X. b T
The extends display on the model. R M
8. Click OK.

Groove Rectangular OD?2 is added to the tree.

9. Click the Generate Operation Plan button on =" Turn Setupt [Turn OpSetupl]
the CAMWorks toolbar or right click NC Manager - fET Face Rought[T1 - 0.0313x80 Diamend]

. -} Face Finish1[T1 - 0.0313x80 Diamond]
and select Generate Operation Plan. £ Turm Rought[T1 - 0.0313x0 Dismond]

The operations for Turn Setupl and Turn Setup2 "-E Turn Finish1[T1 - 0.0313x50 Diamond]
are listed in the Operation tree. - £ Rough Groove1[T13 - 0.125 Groove]
#- % Finish Groovel[T13 - 0,125 Groove]
- ™y Turn SetupZ [Turn CpSetupz]
&} Face Rough2[T1 - 0,05 350 Diamond]
E‘j Face Finish2[T1 - 0.0313x80 Diamond]

Deleting an Operation

In some cases, it may be desirable to delete operations that are created automatically. In this
example, all of the operations that were generated for Turn Setupl are needed to machine the
part. If the stock is a casting or forging and you use a sketch to define the Stock, CAMWorks
generates a second setup for the other side of the part. Depending on whether or not a second
setup is needed for this machining session, you can delete or suppress the operations that

were generated for Turn Setup2. In this example, you delete the second setup and all the
operations under it.

1. In the Operation tree, right click Turn Setup2 and select Delete on the shortcut menu.
2. Click Yes to confirm you want to delete the Setup and all dependant operations under it.
The Setup and associated operations are removed from the tree.

Adjusting Operation Parameters

Each operation contains machining parameters that affect how the toolpath is created and
specific parameters that will be output to the NC program. These parameters can be edited
before generating the toolpaths and post processing the part.

1. Click the + next to Face Roughl in the Operation  =-u Turn Setup! [Turn OpSetupi]
tree. —VEIr Face Roughi[T1 - 0.0313x8

. . ) ¢ el Face Featurel
The tree expands to identify the machinable feature . JE7 Face Finish1[T1 - 0.0313x80 Diamand]

the operation was generated to machine (Face - Turn Roughl[T1 - 0.0313x80 Diamand]
Featurel) E Turn Finish1[T1 - 0.0313x80 Diamond]
. ) EJ Rough Groovel[T13 - 0,125 Groove]
2. Click the - next to Face Roughl. - 1% Finish Groovel[T13 - 0,125 Groove]
3. Right click Face Roughl and select Edit
Definition.

The Operation Parameters dialog box displays.
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Turn 4

Click the NC tab and change the Clearance Plane to .15in.

This parameter specifies the distance away from the part to start the cycle in the X and Z
axis. This is where the tool rapids to at the beginning of the cycle and the distance the
tool retracts from the part after each cutting pass.

Click OK.

Right click Face Finish1
and select Edit Definition.

Click the Tool Crib tab on
the Tool page.

Select the Diamond 55deg
tool, then click Select.

The current tool is replaced
with the tool you selected.

If the tool you want is not
listed in the Tool Crib, you
can click Add and select a
tool on the Tools Database
form.

Toal Face Finigh | NC

Lead In/Out | Feature Ophiong | Statizhics | Posting

Parameters | Diamond nzert | Holder | Tool Crib

Tools

Turet ;

Usage|Sthu| Type |Insert | Incl | Insc |Radius1|l~‘\

From libramy

1 Turn Tool Dlamon Sﬂdeg IZISln IZIIZI313|n

Add..

Click OK to close the dialog box.

Defining Program Zero

The Turn Setup defines the tool direction and program zero. Program zero can be changed in
the Setup by picking one of the following that is closest to the desired work Z0 face: an OD,
angle or ID face that is concentric to the part. Each Setup has a different origin.

Right click Turn Setupl and select Edit

1.

3.

Definition.

The Operation Setup Parameters dialog box

displays.

On the Origin tab, select Automatic in the
Defined from list box and check the Other end
option to move the origin to the left side of the

part.

The Chuck Location and Chuck Definition tabs
are explained in the next lesson.

Click OK.

I > Turn Too | Diemon | S5deg [0.5in_|0.0313
3 Turn Tl:n:nl Dlamon 35deg IZISln IZIIZI313|n
4 Turn Tool | Groove 0.0075in ||
S Turn Tool | Thread |G0deg 0.0065in
G |Turn Toal | Diamon |S0deg  0.125i [ 00020
T Drill
g Drill
9| Turn Tool | Groove 0.0075in ||
10 | Turn Toal | Groove 0.01in Iv

Operation Setup Parameters : [Main Spindle]

Origin | Chuck Location | Chuck Definition | Statistics

Origin
Defined fram : Reference awis :
Automatic -
Other end

Offzet ;| Din E

+
+ +

______ =
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4.

10.

11.
12.

13.

14.

15.

16.

17.

EI Click the Generate Toolpath button on the CAMWorks toolbar.

Toolpaths are generated for all operations.
Click each operation in the tree to view the toolpaths.

Change the orientation to Isometric view.
Right click Turn Setupl and select Simulate Toolpath.

D
Half.
Select the following display options:

Click the Section View button and select

221 Stock Shaded Display

Tool Shaded Display

|
o :
| Target Shaded Display

v

— 1 Click the Run button.

Since you deleted Turn Setup2 and the Face
Feature, material is left on the locating face.
This could be machined in another setup.

Click the X to exit the simulation.

Using drag and drop, reorder the operations to cut the part in the order you think is most
efficient.

Save the part as CWTURN4.

El Click the Post Process button on the CAMWorks toolbar or right click Turn Setup1
and select Post Process.

In the Post Output File dialog box, click Save to use cwturn4.txt for the NC program file
name.

If you are running CAMWorks in Demo mode, this dialog box does not display.
Click the Run button in the Post Process Output dialog box.

CAMWorks generates the NC code.

After viewing the code, click Cancel to close the dialog box.
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Turn 5

What You'll Learn

10.

Adding an ID Groove Feature

Adding OD Thread and ID Thread Features

Generating Operations and Toolpaths

Displaying Locating Symbols

Defining the Chuck and Viewing in Toolpath Simulation

Open the part file TURN2AX S.SLDPRT in the \Examples\Turn folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Turn).
E Change the orientation to Front view.

Click the CAMWorks Feature Tree tab.

=" Right click the Machine and select Edit
Definition.

— On the Machine tab, make sure that Example
Turn-in is the active machine.

— Click the Tool Crib tab and make sure Inch
Turret 1 1s the Active tool crib.

— Click the Controller tab and make sure
FANTUTL is selected, then click OK to close the
dialog box.

Right click on the Stock Manager and select Edit Definition on the shortcut menu.

In the Manage Stock dialog box, leave the Type set to Bar stock, change the Length to
2.05in and press Enter.

Click the Material button in the top right corner of the dialog box.
In the Stock Material dialog box, select a material in the pulldown list, then click OK.
Click OK to close the Manage Stock dialog box.

@ Click the Extract Machinable features button on the CAMWorks toolbar.

AFR analyzes the model for features to machine. When AFR is completed, the tree
displays Turn Setup1, which establishes the workplane for turning, and the machinable
features that were recognized.

When AFR is run on some parts, CAMWorks may not recognize all the features you
want to machine or AFR may recognize a feature that might not be suitable for the
intended machining process. When this occurs, you can delete unwanted features and
define features interactively.
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11. Right click the Groove Rectangular ID2 feature and - Turn Setupt

select Delete key on the shortcut menu. L Face Featuret [Coarse]
[:3= Q0 Featurel [Coarse]

For learning purposes, in this exercise you delete the IH1 Groove Rectangular OD1 [Coarse]

Groove Rectangular ID2 feature and insert it =0 10 Featurel [Drill

interactively. [E Groove Rectangular IDZ [Coarse]
% CutQff Featurel [Coarse]

12. Since you are chucking, delete Cutoff Featurel.

Adding an ID Groove Feature

You are going to add three features interactively. The first feature is the groove that you
deleted. CAMWorks understands the shape of a groove and knows how it is to be machined.
The typical groove configuration is defined as a rectangular shape consisting of two equal
length walls, which may or may not have fillet radii and may or may not have corner breaks.
When you insert a Groove feature for this undercut area, CAMWorks knows how to machine
the area using the standard Rectangular Groove machining techniques.

1.

o & w0 DN

Right click on ID Featurel and select Insert Turn feature.

The Insert Turn feature dialog box displays.

In the Feature info selection box, select Groove Rectangular and set the Location to ID.
Leave the Attribute set to Coarse.

Make sure the Window selection check box is checked.

Hold down the left mouse button, draw a
window around the groove area on the ID
profile, then release the button.

The Selected entities list is updated to
contain 2 Extend entities and a total of 5 I
Selected entities (Selected 1-5).
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6. Select the Extend 1 in the list .
and set the Extend option to
Tangential —_—

7. Click Extend 2 in the list and
set the Extend option to

Insert Turn Feature

Tangenﬁal, then click OK. Drefine from Selected entities ety sl
<Part Prafile> Extend 1
Selectad 1 Extend
Selected 2 ) Mone
Selected 3
Selected 4 @ Ll
Selected 5 () dlong =
Feature info (®) Tangential
Locatian :
Attribute :
Spindle type :
[ 0k l [ Cancel l [ Help ]
The tree lists Groove Rectangular ID3. =1 Turn Setupl

[:II’ Face Featurel [Coarse]

[:3= 20 Featurel [Coarse]

H Groove Rectangular 001 [Coarse]
= ID Featured [Dril]

aroove Rectangular 103 [Coarse]

Adding OD Thread and ID Thread Features

Thread information comes in many different formats and has many parameters. For a
CAD/CAM system, it is not practical to model threads on a solid. Even though this can be
done, it is very difficult for software to interpret a helical cut in the OD of a part and
decipher what type of thread it is. In CAMWorks, you use attributes to define a thread on a
feature.

In this exercise, you define OD and ID features to be threaded.
1. Right click OD Featurel and select Insert Turn feature.

2. Leave the Feature info selection box set to OD Feature.

3. Set the Attribute to Thread. 1
4

Pick the OD segment where the
thread will be machined (indicated
by the arrow in the figure).

5. For Extend 1 and Extend 2, make
sure None is selected in the Extend group.
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If CAMWorks is calculating the WIP (work in process), ID and OD Thread features
should not be extended in either Z or X. If you extend Thread features, CAMWorks
determines the feature length relative to the WIP and may extend the feature to start
threading closer to the face than you want. Typically, this would occur on thread features
such as this one where the feature is not located at the face of the part.

To adjust the machining length for a Thread feature, you can

— Specify a Start length in the Thread operation machining parameters.

— Set up the TechDB to define an amount that you want the tool to go beyond the thread
length into a thread relief area.

Click OK. OD Feature? is listed in the tree.

Right click OD Feature2 and select Parameters.

The OD Profile Parameters 0D Profile Parameters E‘
dialog box displays.

Preview
The Maximum diameter for Length [L):0.85in

this feature is 1.5in. In order ST (D) 81215

to generate a Thread Mirirnurn dia. [D2]:1.5in
operation, the corresponding Finish radius (F) : Cin

thread condition must be Man. back argle (4] : Odeg

selected from the TechDB. Designatiar

The major diameter in the Thread type -

TechDB must match the iy

feature maximum diameter.

Initially, the Thread
Parameters display the values Attribute © | Thread v
in the first record in the Spinde type - | Main 3

TechDB; however, this record

Thread Parameters

has not been selected. Method I

Click the Library button. N Maior dia MT]: 1.125in E:
The Tools Database - Thread Thread depth : | 0.0501in i
Condition form displays. \ Fitch [P : | 0.0833in 3

Minor dia (M2] : {1 n249ik
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15.

16.

17.

18.
19.

20.

Turn 5

Several thread conditions have been set up in the TechDB. When you machine your own
parts, you will add data for additional threads.

Select OD 3, which has a  [Frt M e T Tt KT e {inches)
1.5 Major Dia, then click

OK MType Designation MajorDia| MinorDia| Pitch |EndPitch| DepthOfThread
' OD Threa M5 142 Jooezs o Jood |
Click OK to close the OD 4 |BSF |OD Thread 1 3363|3283 00625 |0 0.04
|6 [unF [0-80 0D 0.06 00467 |0M25 |0 000665

Profile Parameters dialog
box.

Right click ID Featurel in the tree and select Insert Turn feature.
The Insert Turn Feature dialog box displays.

For the Feature info, select D  [FT e iy s
feature' Define from Selected entitizz
. []'window selection
Set the Attribute to Thread. <Part Profiles -
keh = Extend
Select the ID segment at the Eatard > @ Hone
front of the part (indicated by O tlong Z
the arrow on the figure). O dlong %
Feature info () Tangential
For Extend 1 and Extend 2, D Fosture 3
make sure None is selected in [—
the Extend group.
Clle OK Attribute -
Thread “
ID Feature? is listed in the Spindle type -
tree. i v
R, . ] Through
ight click ID Feature2 and
select Parameters. ok | [ cCencel || Help ]
The ID Profile Parameters
dialog box displays. You need
to select the thread condition ID segment
for ID Feature?2. ; -
Click the Library button. | ‘
On the Tools Database - ; L I I

Thread Condition form, select
ID 5, which has a .95 Major Dia, then click OK.

Click OK to close the ID Profile Parameters dialog box.

Generating Operations and Modifying Operation Parameters

Before generating operations, you can change feature parameters and rename features so that
they are more descriptive.

1.
2.

Right click ID Featurel in the tree and select Parameters.
Change the Attribute to Coarse and click OK.
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3. Right click OD Feature? in the tree and select Rename.
A text box displays around the item. j[FilEmes

4. Type OD Thread and press Enter. = ™w Turn Setup1 [Turn OpSetup1]
. . Face Rough1[T1 - 0.0313x80 Diamond
5. Right click ID Feature2 and select Rename. g FaE: F"E;Is?flrp ) _,:,I,:,313;3,:, Di;mrt::;]]
6. Type ID Thread and press Enter. £ Turn Rough1[T3 - 0.0313%35 Diamond]
E‘Z Turn Finish1[T3 - 0,0313x35 Diamond]
7. Click the Generate Operation Plan button on the & Thread1[T13 - 0.004x60 Thread]
l'f'J Rough Groove1[T14 - 0. 125 Groove]

CAMWorks toolbar or right click Turn Setupl in the Bl Finish Groave[T14 - 0. 125 Groove]

tree and select Generate Operation Plan. %, Center Drill {[T15 - #3 Center Drill
You can modify operation parameters before or after :}; g::::;g i? ::%;?; i BIEDE:;::]"]
generating toolpaths. Choosing parameters for & Bore Rc-f|u|1_1l[:r 15 - 0.0 16x80 Dizmand]
machining depends on your machining practices. T8, Bore Finish1[T18 - 0.016x30 Diamond]
The following examples show you how to make & Thread2[T5 - 0.0065x60 Thread]
changes l'f'J Rough GrooveZ[T9 - 0,125 Groove]

. . . Bl Finish Groove2[Tg - 0.125 Groove]

8. Right click Threadl in the tree and select Edit

Definition.

9. Change the following values on the Thread tab, then click OK.

= Depth per cut =.03in

— Final cut amount = .009in

— Start length = .151n
The start length is measured from the start of the
OD Thread feature that you created and is a
distance in front or to the right of the feature. o [
Since this is an OD feature and the tool is on a Spring passes : 0
rear turret, the tool orientation is down and left.

— Pitch =.065in

Tool | Thread | NC Feature Optionz || Statiz

Farameterz

Depth per cut ;| 0.03iK

4 4 4>

10. Right click Rough Groovel and select Edit Definition. Start length : | 0.15in :

11. On the Rough Groove tab, change the Radial (X) and [y v
Axial (Z) allowances to 0.0.

12. Click OK.

13. Right click Finish Groovel in the tree, select Delete and click Yes to confirm the
deletion.

By setting the Rough Groove allowances to 0.0, you can rough and finish the groove in
one operation.

14. Right click Rough Groove2 and select Edit Definition.
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On the Rough Groove tab, change the Radial (X) and Axial (Z) allowances to 0.0, then
click OK.

15. Right click Finish Groove2, select Delete and click Yes to confirm the deletion.

Defining the Machining Sequence, Adjusting Parameters, Generating Toolpaths

The order that the operations are listed is relative to the feature order. Both the Feature tree
and the Operation tree can be reordered to achieve the specific machining sequences that are
needed in terms of tool order and material removal.

1. In the tree, drag Rough Groove2 above Bore Finishl.

2. M Click the Generate Toolpath button on the CAMWorks toolbar or right click on Turn
Setupl and select Generate Toolpath.

3. Click on each operation to view the toolpath.

4. M Click the Generate Toolpath button on the CAMWorks toolbar to update the
toolpaths.

Displaying Locating Symbols and Defining the Chuck

You can position two triangles to provide a graphical representation of where the part will be
clamped in the chuck or collet.

1. Left click on Turn Setupl. A triangle displays at the part zero location on the part. This
locating symbol can be used to show where the chuck or collet is located.

2. Right click Turn Setupl and select Edit Definition.
The Origin tab displays in the Operation Setup Parameters dialog box.

3. Select Automatic in the Defined from list.

ThlS 1S Where the orlgm or plece part ZLr10 18 Origin | Chuck Location | Chuck Definiion | Statistics
located. B

Origin

Defined from : Fieference awis :

Automnatic

[ Other end
Offzet ;| Oin

L

Farameters

Mo Oin Yo Oin £ -Oin
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ThlS dlalog bOX allows you to deﬁne the Origin || Chuck Location | Chuck Definition | Statistics
size of the chuck base and the jaws for
display during toolpath simulation.
CAMWorks allows multiple

Chuck configurations

Select configuration | DEFALILT_CHUCK, s

configurations of chuck parameters to be DEFALILT_CHLUE
saved in the TechDB and reused. To Chuck parameters Praview
define additional configurations, set the Base radius | 2in - Base
parameters on this tab, then type a name Basowidth: [05r | = =

in the input box and click the Save . FI
button. The configuration is saved in the Jaw parameters -
TechDB and the new name is added to Number af steps : |1 v T oe”
the drop down list. You do not need to Step# Length:  width: E‘“
save the parameters for this exercise. 036n | % [0.35n ||

5. Change the following values:

— Base radius = 2in

— Base width = .5in

— Step Length = .36in

— Step Width = .35in

The Equal step width and length options

apply only when there are multiple steps.
6. Click the Chuck Location tab.

The Stock boundary displays. The two triangles display at part zero. This is the default
position for the locating symbols.

Tatal: | 0.36in 0.35in

Equal step width
Equal ztep length

You can position the two triangles to reflect where the chuck or Collet will be located.
You can also change the size of the triangles.
7. Pick the OD line and the Stock boundary to position the triangles as shown in the figure.

A graphic of the part can be added
to the setup sheet to give the shop floor ——— - n ™
a better understanding of the setup. ’

8. Click OK to close the dialog box.

- Did You Know ...
If you change the Chuck Definition, you
need to pick the chuck location again on the
Chuck Location tab.
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10.

1.

12.

13.

14.

15.
16.

17.
18.

19.

Change the view orientation to Isometric.

Right click Thread?2 in the tree and select Suppress.
You do not need to simulate this operation.

Right click Turn Setupl and select Simulate Toolpath.

&\ The Fixture Shaded Display button is enabled and

the chuck that you just defined displays.

P> Click the Section View button and select Half.

I Click the Target button and select Translucent

Display.
o

— | Run the simulation.

Exit the simulation.

Right click on Turn Setupl in the Operation tree and
select Edit Definition.

Click the Chuck Definition tab.

Try different settings: change the number of steps and
the size of the steps and the base, then click OK.

Run the Toolpath Simulation again and view the
changes.

Turn 5
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Double chucking is a method that allows the programmer to machine a Stock on both sides
of the part. Double chucking operations are supported in CAMWorks turning. The method
for doing a double chucking operation is explained below.

What You'll Learn

« Defining the Stock from a sketch for double chucking

. Establishing Part Zero

« Defining Machinable Features

« Generating an Operation Plan

« Changing the origin machining direction and generating toolpaths
« Defining the chuck location and simulating toolpaths

In this exercise, assume that Side 1 and Side 2 are established as shown below. Side 1 will be

machined first and you will be chucking on side 2. Since the material is a solid billet, you

will be locating on the billet OD on side 2.

1. Open part file TURN2AX 6.SLDPRT in the \Examples\Turn folder inside the
CAMWorks folder (e.g., \Program Side 1
Files\CAMWorksxxxx\Examples\Turn). o

2. Click the CAMWorks Feature Tree tab.

3. " Right click the Machine in the Feature tree and
select Edit Definition on the shortcut menu.

Side 2

— Highlight Example Turn—in and click Select.

— Click the Tool Crib tab and make sure Inch Turret 1
1s the Active tool crib.

— Click the Controller tab and make sure FANTUTL is

selected.
4. Do not close the Machine dialog box.
Establishing Part Zero

Since this part is a cylinder, CAMWorks already knows where the centerline is. CAMWorks
automatically sets the origin to a default setting and establishes a default centerline. For a
single chucking operation, the default origin may be acceptable. Since you are doing a
double-chucking operation, however, you need change the default to set the system origin for
side 1.

1. Click the Setup tab in the Machine dialog box.

The origin X and Z symbol displays on the part in the default location (at the face of the
part) for Side 2.
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2. On the Setup tab, select Coordinate System for the Method.

3. Click the FeatureManager design tree tab and pick Side 1 Origin in
the tree.

The origin marker moves to Side 1.
5. Click OK to close the dialog box.

6. Click the CAMWorks Feature Tree tab.

Defining the Stock from a Sketch for Double Chucking

The part is being made from a solid Stock. In order for CAMWorks to
define 2 Setups in the tree, a sketch must be used for the Stock. The
sketch in this figure is drawn longer than the part on both sides.

1. Right click Stock Manager in the Feature tree and select Edit Definition.
2. In the Manage Stock dialog box, select Revolved for the Type.

3. In the Available sketches list, select Sketch6.

Selecting a sketch establishes 2 distinct faces (or ends of the part). Because bar stock has
an infinite side length and one face, you cannot select Bar stock for double chucking. The
sketch representing the shape of the stock is highlighted on the part model.

4. Click OK.
Defining Machinable Features

1. E Click the Extract Machinable Features button on the CAMWorks toolbar or right
click NC Manager and select Extract Machinable Features.

Two Turn Setups are created and AFR recognizes the features that can be machined in
each Setup.

AFR found an OD Feature and an ID Feature in Setup 1 that each extend from the front
face to the back face. However, to machine this part in a double-chucking environment
with 2 Setups, you need an ID Feature and an OD Feature in each Setup. In order to
accomplish this, you edit the feature definitions in Setup 1 and create new features in
Setup 2.

2. Right click OD Featurel in the tree and select Edit Definition.
3. In the Edit Turn Feature dialog box, make sure the Window selection option is checked.

4. Window pick the segments of the
part as shown in the figure.

The segments are removed from
the Selected entities list.

5. Click OK.

6. Right click Face Feature2 in
Setup2 and select Insert Turn Feature.

7. In the Insert Turn Feature dialog box, make sure the Window selection option is checked.
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10.
11.
12.

13.
14.

15.
16.
17.

18.

Window pick the same segments that you removed from OD Featurel as shown in the
figure above.

Click OK.

OD Feature? is added to Setup?2.

Right click ID Featurel in the tree and select Edit Definition.

In the Edit Turn Feature dialog box, make sure the Window selection option is checked.

Window pick the segments of the
part as shown in the figure.

The segments are removed from the
Selected entities list.

Click OK.

Right click OD Feature2 in Setup2
and select Insert Turn Feature.

In the Insert Turn Feature dialog box, make sure the Window selection option is checked.
For the Feature info, select ID Feature.

Window pick the same segments that you removed from ID Featurel as shown in the
figure above.

Click OK.

The OD and ID features in Setup2
should look like the features in the
figure on the right.

Changing the Origin Machining Direction and Generating Toolpaths

1.

4.

Click the Generate Operation Plan button on the CAMWorks toolbar or right click
NC Manager in the Feature tree and select Generate Operation Plan.

Operations are created for the machinable features in the Turn Setups and are listed in the
Operation tree.

Left click each Turn Setup in the tree and notice the machining direction indicated by the
datum that displays on the part model.

The origin is at the back of the part for both Setups. Turn Setup] is correct; however, the
origin needs to be changed for Setup2.

Right click Turn Setup2 in the Operation tree and select Edit Definition.
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14.
15.

16.
17.
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On the Origin tab, select Automatic for the Defined from option,
then click OK. =

The origin moves to the front face.
Right click Drilll in the tree and select Edit Definition.
On the Feature Options tab, change the Machining length to 5.2in.

Increasing this length will drill the part all the way through.
Click the Add tip length check box.

With this option selected, CAMWorks takes into account the drill
point angle when generating the toolpath.

Click OK.
Right click Drill2 in the tree and select Edit Definition.

On the Feature Options tab, change the Machining length to 5.2in and click the Add tip
length check box.

Click OK.

In Turn Setup2, hold down the Shift key and click the Center Drill2, Drill3 and Drill4
operations in the tree.

Press the Delete key.
Click Yes to confirm the deletion.

As a result of the changes to the drill operations in Setupl, you can delete these
operations because there will no longer be stock on the face.

M Click the Generate Toolpath button on the CAMWorks toolbar.
Click each operation in the tree to view the toolpaths.
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Defining the Chuck Location and Simulating Toolpaths

You are now ready to define the chuck location for each Setup and run the Toolpath
Simulation.

1.
2.

10.

1.
12.

13.

14.

Right click Setup1 in the tree and select Edit Definition.

Click the Chuck Definition tab and select
6in_2Step Chuck for the configuration.

Change the Length and Width to .5in.
Click the Chuck Location tab.

Pick the horizontal line representing the OD of the
Stock, then pick the vertical line representing the
face of the part.

The triangles move as shown in the figure.
Click OK.

Right click Turn Setup?2 in the tree and select Edit
Definition.

Click the Chuck Definition tab and use the same
configuration and parameters that you used for
Setupl.

Click the Chuck Location tab.

Locate the triangles by picking the small OD on the
left side and the vertical edge for the chuck face.

Note that you may need to zoom in to this area in
order to pick these segments easily.

Click the Reverse direction option.
Click OK.

E Click the Simulate Toolpath button on the CAMWorks toolbar.

| The Fixture Shaded Display button is enabled and the chuck defined for Turn
Setup1 displays.

Click the down arrow next to End and select Next Setup.
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15.

16.

17.

18.

19.

Select the following display options:

_“| Stock Translucent Display

= Target Shaded Display

Rotate the part so you can see the part being machined in Setupl.

1 Click Run.

The simulation runs through the operations
in Turn Setupl, then the chuck display
changes to Turn Setup2.

Rotate the part so you can see the part being
machined in Setup?2.

Ll Click Run

The toolpaths for the operations in Turn
Setup?2 are simulated.

Turn 6
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Turn features that are recognized automatically and created interactively are based on the
spindle centerline and turn section plane. CAMWorks provides two methods for AFR.
Generation 2 uses a more advanced method of recognizing OD features and in most cases is
capable of calculating the minimum rotary silhouette of the OD of the part. Generation 2 is
the preferred method. However, if Generation 2 does not find features correctly, you can use
Generation 1.

When Generation 1 is used, CAMWorks sections the part through the centerline and along
the X axis. If this section plane does not cross through all areas of the part, the resulting
features will not be correct. The Define Turn Section Plane command allows you to define
the section plane so the features will be correct.

What You'll Learn

The model in this exercise contains protrusions or ears on the OD of the part. If Generation 2
were used, the OD feature would include the shape of the protrusion. However, in order to
learn how to define a section plane, you use Generation 1.

1. Open part file TURN2AX_7.SLDPRT in the \Examples\Turn folder inside the
CAMWorks folder (e.g., \Program ’
Files\CAMWorksxxxx\Examples\Turn).

Notice the protrusion on the OD of the large
diameter of the part.
2. Click the CAMWorks Feature Tree tab.

3. " Right click the Machine in the Feature tree
and select Edit Definition.

4. Highlight Example Turn—in and click Select.
5. Click OK.

6. & Click the Options button on the CAMWorks
toolbar.

7. On the Turn Features tab, set the Method to Generation 1 and click OK.

8. E Click the Extract Machinable Features button on the CAMWorks toolbar.
9. Change the view orientation to Front.

10. Click OD Featurel in the tree and notice that
the OD feature does not include the shape of
the protrusion.

You need to define a section plane that cuts
through the protrusion.
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Using the Generation 1 Method to Extract Machinable Features
1. Change the View to Right.
2. Right click NC Manager in the tree and select Define Turn Section Plane.

The spindle centerline and origin are automatically determined properly for most turning
parts. By default, CAMWorks will position the machining origin at one end of the part
and set the positive Z machining direction to be in the same direction as the positive
SolidWorks X, Y, or Z axis. For this part, the origin is on the front right side of the part.
The Turn Section Plane command is used, when necessary, to modify the automatically
determined origin, spindle centerline, machining direction and AFR section plane (for
Generation 1).

On the Setup tab in the Machine dialog box, the Setup definition options define the
machining origin and the location of the spindle centerline for the part. The origin
specifies program zero and the Z axis identifies the location and direction of the spindle
axis, which determines the features that will be recognized automatically and created
interactively. If the part contains more than one centerline direction, you can define the
desired centerline by selecting a SolidWorks coordinate system. In this example, there is
only one logical centerline direction and the Automatic setting finds it properly.

When recognizing features using Generation 1, CAMWorks
sections the part through the centerline and along the
CAMWorks X axis. If this section plane does not cross through
all areas of the part, the resulting recognized features will not be
correct.

By default, the X axis, which defines the section plane, is
vertical and will not cut through the protrusion, so the
protrusion would not be included in the OD feature.

The center of the protrusion is 20 degrees counterclockwise off
the vertical, so you need to rotate the section plane to cut through the protrusion.

3. For the Turn feature section plane, type 20 for the Angle.
Notice that the X axis points through the protrusion.

4. Press Tab and notice that the X axis is vertical again. The focus
is now in the Turn feature display plane section of the dialog
box, which is currently set to 0 degrees. The Turn feature
display plane is the plane that the features are displayed parallel
to. This plane can be set separately from the Turn section plane.
The display plane is provided for viewing purposes only and has
no affect on AFR.

5. To graphically verify that the rebuilt OD feature includes the protrusion, type 20 for the
display plane Angle and click OK.

6. Click Yes when the message displays asking if you want to rebuild.
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7. Right click Turn Setupl, select Set View on the shortcut menu, then select Turn ZX.

CAMWorks displays turn features from a single
view that is normal to the Turn feature display
plane.

8. Click on the OD feature in the tree to verify that
the protrusion is included in the feature.

.M
|

In many cases, you may not have a SolidWorks

orientation that is normal to the Turn section plane and you may want to view the features
relative to a standard orientation. To do this, you can set the Turn feature display plane to
be parallel to a standard orientation.

9. Right click Example Turn—in in the tree and select Edit Definition.
This is another way to access the Setup tab.

10. On the Setup tab, set the Turn feature display plane angle back 0 degrees and click OK.
11. Change the view orientation to Front.
12. Click the OD feature in the tree and notice the difference in the display.
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In this exercise, you define a thread feature and operations to cut double and triple lead
threads.

What You'll Learn

Defining a Thread Feature
Cutting Multiple Start Threads

Defining a Thread Feature

1.

2.
3.

4.

5
6.
7
8

Open part file TURN2AX 8.SLDPRT in the \Examples\Turn folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Turn).

Right click Revolvel in the tree and select Edit Sketch.
Notice that separate line segments were created.

The length is 3 inches. In this exercise you are
threading only the first inch at the front of the
part. Creating a separate line segment is one
method you can use to define the feature being
machined for the length of the thread. You could
also use one long line and edit the operation's
feature length to cut only the first inch.

[y
0 Exit the sketch.

Click the CAMWorks Feature Tree tab.
=" Right click the Machine in the Feature tree and select Edit Definition.

. Highlight Example Turn—in and click Select.
. Click OK.

First, you are going to cut 8 threads per inch double lead with a pitch of .125in. To do this,
you create 2 operations set for 4 threads per inch. Since 4 TPI equals a pitch setting of .251n,
each operation will have a pitch of .25in.

9.

10.

11.
12.

@ Click the Extract Machinable Features button on the CAMWorks toolbar.

AFR finds a Face Feature, an OD Feature and a Cutoff Feature. You are not going to use
these features, so you can delete them.

Select the three features in the tree, then right click and select Delete on the shortcut
menu.

Click Yes to confirm the deletion.
Right click the Recycle Bin and select Empty. Click Yes to confirm.
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13.

14.
15.
16.
17.
18.

19.
20.
21.

22.

Right click Turn Setup1 in the tree and select Insert
Turn Feature.

Highlight Sketchl in the Define from list.

Make sure the Feature info is set to OD Feature. 5
Set the Attribute to Thread. _

Rotate the part so you can see the sketch.

Move the pointer over the sketch and pick the 1 inch
line segment.

Click OK.
Right click OD Feature? in the tree and select Parameters on the shortcut menu.

In the OD Profile Parameters dialog box, set the following:
— Major diameter = 2in

— Depth =.085in

— Pitch = .25in

Click OK.

Defining Operations for a Double Lead Thread

N =

: Click the Generate Operation Plan button on the CAMWorks toolbar.

Right click Threadl in the Operation tree and select Edit Definition.
On the Thread tab, change the Depth per cut to .1in.

{1 Did You Know ...
This depth per cut is greater than the actual thread depth and is used only for
viewing toolpaths in this exercise. When programming and cutting parts, you need
to consult your Machinist Handbook to use the proper Thread Cuts per pass.

Set the Final cut amount to 0.01n.
Notice that the Start length is .25in.

This first operation will have a leadin of .25in. The second operation will have a leadin of
.3751n. This 1s necessary because you have to add one Pitch distance to the leadin on each
operation in order to cut the other thread leads. |

Therefore: .251n leadin + .125 Pitch of 8 TPI = .375 for
the second operation leadin.

Click the Preview button to generate and view the
toolpath.

@ Click the Expand button to expand the dialog
box, then click OK to accept the parameters and the
toolpath.
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For the second operation, you insert an operation and copy the parameters from Thread1.

8.
9.

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.
20.

Right click Thread1 in the tree and select Insert Turn Operation.

In the Insert Operation dialog box, set the Operation to Thread.
Thread1 is automatically selected in the Copy parameters from list box.
Highlight OD Feature2 in the Features list.

Make sure the Edit definition option is checked and click Insert.

On the Thread tab, change the Start length to .375in (see the explanation on the previous
page). |
Click the Preview button to generate and view the
toolpath.

@ Click the Expand button to expand the dialog
box, then click OK to accept the parameters and the
toolpath.

Click Close to close the Insert Operation dialog box.

ﬂ Click the Simulate Toolpath button on the
CAMWorks toolbar.

Right click Turn Setup1 in the tree, select Set View, then
select Turn ZX.

Zoom up on the front of the part.

P Click Run.

Notice there are 8 threads per inch with 2 leads at 4
threads per inch.

Defining Operations for a Triple Lead Thread

In this section, you are going to cut 12 threads per inch triple lead with a pitch of .0833in (1
divided by 12 =.0833). To do this, you create 3 operations set for 4 threads per inch. Since 4
TPI equals a pitch setting of .251n, each operation will have a pitch of .25in and the
following Start length:

2.

Operation 1 =.25
Operation 2 = .25 +.0833 = .3333
Operation 3 = .25 +.0833 + .0833 = .4166

Select the 2 operations in the tree, right click and select Suppress on the shortcut menu.

You suppress these operations so they will not be simulated when you simulate toolpaths
for the triple lead thread operations.

Click the CAMWorks Feature Tree tab.
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10.
11.
12.
13.

14.
15.
16.
17.

18.
19.

20.

21.

Right click the OD feature in the tree and select Copy Features.

In the Copy Feature dialog box, make sure the Also copy operations option is checked
and click OK.

Right click OD Feature3 in the tree and select Parameters.

Change the Thread depth to .075 and click OK.

Right click the feature again, select Generate Operation Plan and click the Update button.
Right click Thread3 in the Operation tree and select Edit Definition.

On the Thread tab, make sure the Start length is .251in and click OK.

Right click Thread4 in the tree and select Edit Definition.

Set the Start length to .3333 in (see the explanation on the previous page) and click OK.
Right click Thread4 in the tree and select Insert Turn Operation.

In the Insert Operation dialog box, set the Operation to Thread.

Thread1 is automatically selected in the Copy parameters from list box. You can copy the
parameters from this operation; however all the Thread operations are similar and could
be selected.

Highlight OD Feature3 in the Features list.

Make sure the Edit definition option is checked and click Insert.
On the Thread tab, set the Start length to .4166 and click OK.
Click Close to close the Insert Operation dialog box.

M Click the Generate Toolpath button on the CAMWorks toolbar.
Click Thread3, Thread4 and Thread5 in the tree to view the toolpaths.

@ Click the Simulate Toolpath button on the
CAMWorks toolbar.

P Click Run.

Notice there are twelve threads per inch with
three leads at 4 threads per inch.
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Chapter 6 Learning 4 Axis Turn

CAMWorks uses the Rear turret for 2 Axis Turn machining and as the default for 4 Axis
Turn machining. All tool motion and output is displayed and output from a Rear turret
perspective. When the machine has 4 Axis capability, you can define the machine in the
Technology Database to use both Rear and Front turrets. Then, you can choose to have the
display and output for any of the operations in the Operation tree generated from the Rear or
Front turret (providing there is a tool available on the Front turret).

This chapter provides an opportunity to learn CAMWorks 4 Axis Turn. The exercises in this
chapter are intended to show you how to use CAMWorks and may not correspond to actual
machining practices.
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4 Axis Turn 1

CAMWorks provides support for machines with front and rear turret configurations allowing
2+2 axis machining. For machines that are defined as 4 axis in the Technology Database, an
option is provided to select either Front or Rear turret for each operation. Sync codes are
manually provided by the user.

What You'll Learn

Defining a 4 Axis machine

Defining machinable features

Editing features

Generating operations and adjusting parameters for front turret
Generating toolpaths

There are 5 grooves on the part in this exercise: 2 face grooves, 2 OD grooves and 1 ID
groove. There is also an OD thread that will be machined.

1.

8.
9.

Open part file TURN4AX 1.SLDPRT in the
\Examples\Turn folder inside the CAMWorks folder
(e.g., \Program Files\CAMWorksxxxx\Examples\Turn).

Click the CAMWorks Feature Tree tab.

=" Right click the Machine in the tree and select the
Edit Definition command on the shortcut menu.
Highlight Example Turn-in 4ax (2+2) and click Select.
This machine has been defined as a 4 axis machine in
the TechDB. Before using CAMWorks to machine

your parts, make sure you define the machine tools
available in your facility.

Click the Tool Crib tab.
Click the down arrow next to the Turret type.

When you select a 4 axis machine, you can choose a tool set to use with each turret. For
this part, select Inch Turret 1 as the Active tool set for both Rear and Front turrets.

Click the Controller tab and select FANTUTL4, then click OK to close the Machine
dialog box.

This tutorial post processor supports 2+2 axis output. When you use CAMWorks to
machine your own parts, select your machine tool controller or post processor.

Right click the Stock Manager in the tree and select Edit Definition.
Leave the Type set to Bar stock.

10. Set the Z Face to -4.051n, the Length to 4.1in and the Diameter to 4.25in, then click OK.
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Defining Machinable Features Automatically and Interactively

In order to define the machinable features on this part, you run the Extract Machinable

Features command and insert the OD Thread feature.
E n MC Manager
1. Click the Extract Machinable Features button on |&, Configurations
the CAMWorks toolbar or right click NC Manager ¢y Stock Manager[1005]

. u H
and select Extract Machinable Features. e b 2
=™y Turn Setupl

Two Turn Setups are created and AFR recognizes the [ Face Feature1 [Coarse]
. : =
features that can be machined in each Setup. LE Groove Rectangular Face 1 [Coarse]
. . Eh D Featurel [Coarse]
2. Since you are chucking, delete Cutoff Featurel. I Groove Rectangular OD2 [Coarse]

ﬂ=€] Groove Rectangular OD3 [Coarse]
[ 1D Feature1 [Drill
E Groove Rectangular ID4 [Coarse]

3. Right click on Groove Rectangular OD3 in the tree
and select Insert Turn Feature.

The Insert Turn Feature dialog box displays. N FS] CutOff Feature1 [Coarse]
. = Turn Setup2
4. For the Feature info, select OD Feature. [E Groove Rectangular Face5 [Coarse]
5. For the Attribute, select Thread from the list. 6 Recyde Bin

6. Pick the horizontal segment shown in the figure.

l

The selected entity and two extend entities display in
the Selected Entities list. You do not need to extend
either end of the segment.

7. Click OK. OD Feature? is listed in the tree.

8. Right click on OD Feature2 and select Parameters.

9. In the OD Profile Parameters dialog box, set the following thread parameters:
— Major dia = 3.85in
— Thread depth = 0.05in
— Pitch =0.05in
— Minor dia = 3.75in
10. Click OK to close the OD Profile Parameters dialog box.
Editing Machinable Features

When you machine a part, the length of the stock may change. Because CAMWorks uses
WIP (work in process), you can edit the definition of the OD and ID profiles to make sure
these features are cut completely if the stock changes.

1. Right click OD Featurel in the tree and select Edit Definition.

l

2. Pick the segment shown in the figure to remove it
from the feature.

3. Pick Extend 1 and select Along Z.
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10.
1.
12.
13.

14.
15.

Pick Extend 2 in the Selected entities
list and select Along X for the Extend
option, then click OK.

Right click ID Featurel and select
Edit Definition.

Pick Extend 1 in the Selected entities
list and select Along X.

Click the Reverse option to point
the line down. |

Pick Extend 2 in the Selected entities

list and select Along Z, then click OK.

Right click Turn Setup 2 and select Insert Turn Feature.
For the Feature info, select Face.

Pick the vertical edge shown in the figure, then click OK. ‘ ‘ ‘ l

Right click Face Feature2 and select Insert Turn Feature.

Leave the Feature info set to OD Feature and the 1
Attribute set to Coarse.

Pick the horizontal edge shown in the figure.
Click OK.

Generating Operations and Adjusting Parameters for Front Turret

1.

Click the Generate Operation Plan button on the CAMWorks toolbar or right click
NC Manager in the Feature tree, select Generate Operation Plan.

Operations are created for the machinable features in the Turn Setups.
Right click Turn Roughl in the Operation tree and select Edit Definition.
On the Rough Turn tab, check the Undercut option and click OK.

This option defines whether the toolpath can create an undercut up to the back angle of
the tool. When checked, the toolpath follows the entire toolpath observing the back angle.

Right click Turn Finish1 and select Edit Definition.
On the Finish Turn tab, check the Undercut option and click OK.
Right click on Rough Groove2 (Groove Rectangular OD2) and select Edit Definition.
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10.
11.
12.

13.

14.
15.
16.
17.
18.

19.
20.

21.

22.
23.

24.

4 Axis Turn 1

On the Rough Groove tab, make the following changes:

— Change the Groove peck type to Constant. With this option selected, the tool feeds in
the First peck amount, then continues feeding in the Sub peck amount until the depth
is reached.

— Set the First peck amt. and the Sub peck amt to .05in.

— Make sure the Groove style is set to Normal. This option generates a toolpath where
the tool plunges perpendicular to the bottom of the groove. Multiple parallel plunge
cuts will be produced when the width of the groove is wider than the tool. The
sequence of the cuts is based on the specified order. Using the optional Deep groove
cycle, the tool can be retracted between each depth of cut to allow chip removal.

— Check the Deep groove cycle option. With this option selected, the tool pecks at a
specific depth (much like in the Cutoff cycle). This cycle is used for machining
grooves that are unusually deep and require using a thin insert that would break if you
could not peck the groove.

Click the Tool tab.

On the Tool Crib page, select Front for the Turret option.
Highlight the tool in Stn No. 4 and click Select.

On the Groove Insert page, set the Length to 1in.

Click the Holder page and click OK when this message displays: The current insert/holder is
not allowed for the Main Spindle while using the Front Turret. CAMWorks has selected a valid orientation.

Please review this selection on the Holder page and change if required.

On the Holder page, make sure the Orientation is set to Up right or Up left, set the
Protrusion to .651n and click OK.

Right click Finish Groove2 in the tree, select Edit Definition.

On the Tool Crib page, select Front for the Turret option.

Highlight the tool in Stn No. 4 and click Select.

Click the Holder tab and click OK when the holder orientation message displays.
Make sure the Orientation is set to either Up right or Up left and click OK.

Right click Rough Groove4 (Groove Rectangular ID4) and select Edit Definition.

On the Rough Groove tab, change the Radial (X) and Axial (Z) allowances to 0.0 and
click OK.

Right click Finish Groove4 in the tree, select Delete and click Yes to confirm the
deletion.

Right click Drilll and select Edit Definition.

On the Feature Options tab, change the Machining length to 4.51in, check the Add tip
length option and click OK. Increasing this length ensures that the full diameter of the
drill will pass through the back of the part.

% Click the Generate Toolpath button on the CAMWorks toolbar or right click NC
Manager and select Generate Toolpath.
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Defining the Chuck Location for Setup1

Define chuck to use for toolpath simulation:

1.
2.
3.

6.

Right click Setup1 in the tree and select Edit Definition.

Click the Chuck Definition tab.

Click the down arrow to the right of the Select configuration input box and select
8in 2Step Chuck.

This is one of several chuck configurations that has been saved in the TechDB. You can
define additional configurations by setting the
parameters on this tab, then typing a name in
the input box and clicking the Save button.

Click the Chuck Location tab. ’
Pick the OD line on the work-in-process (WIP) H

sketch, then pick the vertical line representing
the back (locating) face.

The triangles move as shown in the figure.
Click OK.

Changing the Origin and Defining the Chuck Location for Setup2

1.
2.
3.

Right click Turn Setup2 in the tree and select Edit Definition.

On the Origin tab, change the Origin Defined from option to Automatic.
Click the Other end option.

The origin marker displays as shown in the figure.

Click the Chuck Definition tab and select 8in_2Step Chuck.

Click the Chuck Location tab.

Locate the triangles by picking the OD line on the
work-in-process (WIP) sketch near the small OD
on the right side and the WIP sketch at the back |
vertical edge of the small diameter for the chuck J
face. z

Note that you may need to zoom in to this area in
order to pick easily.
Click the Reverse direction option.

Click OK.

@ Click the Generate Toolpath button on the
CAMWorks toolbar to regenerate toolpaths for both Setups.

{1 Did You Know ...
If you change the Chuck Definition, you need to pick the chuck location again on the
Chuck Location tab.
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Simulating the Toolpaths for Turn Setup1 and Setup2

1.

Right click Thread1 in the tree and select Suppress.

This toolpath does not need to be simulated for this exercise and suppressing it speeds up
the simulation.

E Click the Simulate Toolpath button on the CAMWorks toolbar.

& The Fixture Display button is enabled and the chuck defined for Turn Setupl
displays.

Click the down arrow next to End and select Next Setup.
Select the following display options:

Stock Translucent Display
Tool Shaded Display

Holder Shaded Display

Target Shaded Display

&= E e

Click Run.

The simulation runs through the operations in Turn
Setupl, then the chuck display changes to Turn
Setup?2.

Rotate the part so you can see the face with the
groove.

1 Click Run.
The operations in Turn Setup2 are simulated.
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Chapter 7 Learning Assembly Mode

This chapter provides an opportunity to learn to generate Mill toolpaths and NC code in
Assembly mode for production machining.

Using SolidWorks Assembly mode, CAMWorks allows you to:

« Position multiple copies of a part in an assembly document and machine the parts with
CAMWorks.

« Generate long code or subroutine output to machine each part.

« Store the CAMWorks data within the assembly document. This is particularly valuable
for facilities that are ISO 9000 compliant and cannot have non-design data stored with the
model.

« Design and layout machine components, parts, stock, clamps, and fixtures to provide a
realistic representation of the machining environment.

« Display clamps during simulation with the option to display collisions between the tool
and the clamps.

The exercises in this chapter are intended to show you how to use CAMWorks and may not
correspond to actual machining practices.

IMPORTANT! CAMWorks uses a set of knowledge-based rules to assign machining
operations to features. The Technology Database contains the data for the machining
process plans and can be customized for your facility's machining methodology. When you
do these exercises, your results may not be the same as described in the steps and illustrated
in the figures. This is because the machining sequences and operations data in your
Technology Database may be different from the database used to produce the
documentation.
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Generating NC Code in Assembly Mode

CAMWorks Assembly mode allows you to position multiple parts and/or multiple copies of
a part in an assembly document and generate long code or subroutine output to machine each
part.

The following steps are used to generate Mill toolpaths and NC code in Assembly mode:

1. Model the components (parts, clamps, vises, fixtures) and create the
assembly document (.sldasm) in SolidWorks.

2. Change to the CAMWorks Feature tree.

3. Define the Machine and Fixture Coordinate System (fixture origin and X,Y,Z
axis machining directions).

4. Select parts to be machined.
5. Define the stock (separate or common).

6. Extract machinable features and interactively insert features at Part Setup
level.

7. Generate the operation plan and adjust operation parameters.

8. Define G-code program zero location (Part Setup origin or Setup origin).
9. ldentify fixtures and clamps.

10. Generate toolpaths.

11. Post process the toolpaths.

Sample assemblies are provided for the exercises in this chapter. When you install
CAMWorks, these files are installed automatically.
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Assembly 1
What You'll Learn

Defining the Machine and Fixture Coordinate System

1. Open the assembly file MILLASM_1.SLDASM in the |\Examples\Assemblies folder
inside the CAMWorks folder (e.g., \Program
Files\CAMWorksxxxx\Examples\Assemblies).

Click the CAMWorks Feature Tree tab.

3. & Right click the Example Mill-in in the Feature tree and select Edit Definition.

On the Machine tab, Example Mill—in is the Active machine. This machine definition has
been created for the CAMWorks exercises. When you use CAMWorks to machine your
own parts, select the machine tool you want to use to machine the part.

4. Click the Tool Crib tab and make sure Crib 1 is the Active tool crib.
5. Click the Controller tab and make sure FANTUTM is selected.
FANTUTM is the controller used for the exercises in this manual. When you use

CAMWorks to machine your own parts, select your machine tool controller or post
processor.

6. Click the Setup tab.
The Setup tab allows you to set a Fixture Coordinate System. This refers to the "home
point" or main zero position on the machine. While G-code output can be based on this
point, it is meant to be used as a reference point. Setting the position does more than set
the location; it also sets the positive X, Y, and Z directions to be used for all moves on
this machine. When the code is output in subprogram format, an alternative part setup
origin is referenced; however, the _
X, Y, and Z directions set by the
Fixture Coordinate System are still Machine] Toal Eril:u] Contru:uller] Posting  Setup l4th .~'-‘«:-ci$| Sth .~'-‘«:-ci$]
used. The Fixture Coordinate

System should be set first, before SEL

extracting machinable features. Indering : | None =
7. Select Coordinate System 1 .in the Global ratary retract plane : |10in j

Fixture Coordinate System list. Options

[ Dizplay cutter comp o first rmove

The Fixture Coordinate System is
defined from a SolidWorks Fisture Fuurdinate system .
coordinate system entity. For more Coordinate systems : Selected entiby :
information on defining a
SolidWorks coordinate system, see
the SolidWorks documentation.

8. Click OK.

Coordinate System] Coordinate System
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Selecting the Parts to be Machined

The Assembly mode document can contain different part model documents. In addition to
the parts that are going to be machined, the document can also include clamps to avoid and
other fixture and machine components that are included to assist in the layout of the parts
and shop documentation. The parts that are to be machined must be identified to CAMWorks
by adding them to the Part Manager. When machining multiple instances of the same part,
you must add all instances to the Part Manager.

1. & Right click the Part Manager in the tree and select Manage Parts on the shortcut
menu.

2. Select the part in the lower left corner of the
assembly.

For each unique part in the assembly, the first
instance that you select is called the seed part.
When an action is performed on the seed part, the
same action is applied to every instance of that part
in the assembly.

3. Highlight the part in the Selected Parts list and
click the Add All Instances button.

The parts are listed in the order they are in the file. You can also pick the parts
individually in the graphics area or in the SolidWorks FeatureManager tree. Later in this
exercise, you use the Sort Instances function to change the machining order.

Part instances can be added at any time. You can select only one instance of a part (the
seed part) to work on first and then add other instances later. Any features, operations and
toolpaths that have been generated for the seed part are automatically transferred to
instances of the same part when they are added in the Manage Parts dialog box.

4. Click OK to exit the Part Manager dialog box.
& The part name is listed under the Part Manager in the CAMWorks Feature tree.

¥ A Feature Manager, which is created for each part, is used to define the Mill Part
Setups and machinable features associated to the seed part.

@ For each unique part, all the instances are listed under the Instances item.
Defining the Stock

When you add parts in the Manage Parts dialog box, a default Stock is created for each part
based on a 0.00 bounding box offset. The Stock Manager allows you to customize the stock
associated to the parts.

1. &% Right click on the Stock Manager in the tree and select Edit Definition on the shortcut
menu.

The Manage Stock dialog box displays. This dialog box allows you to modify existing
stock or create new stock for single parts and common stock for multiple parts.

2. Click the first part in the Parts list box. This is the seed part.
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The associated stock is highlighted in the Stock list and in the graphics area. The current
settings for the Bounding box offset display.

. i N =]
3. Change the +Z to .1lin and click the Apply Current Stock Definition to All <|§|
Parts button. =

The change is applied to the stock for all part instances.
4. Click OK to close the dialog box.

Defining Machinable Features

You can now extract the machinable features. For this exercise, you insert one feature to
complete the part. Machinable Features are added in the Feature Manager area of the tree. At
the Mill Part Setup level, features can be inserted interactively using the Insert 2.5 Axis or
Insert Multi Surface Feature commands. The feature is inserted on the first instance of the
part (called the seed part) and on every occurrence of that part in the assembly or you can use
the Assembly Feature command on the shortcut menu to insert the feature only one time at
its defined position.

1. E Click the Extract Machinable Features button on the CAMWorks toolbar.

2. ®-% Click the plus sign next to the Feature - @b Part Manager
Manager in the tree. = MILL2AY_3.5LDPRT
. . = r’? Feature Manager
The Feature Manager displays all the Mill Part -5 Ml Part Setupi
Setups and machinable features that can {5] Holet [Dril]

{5 Circular Pocket! [Coarse]
+ El Zountersunk Hole Groupl [Drill]
=& Mill Part SetupZ

possibly be machined on this part regardless of
the machine setup.

If the Holel feature is listed in Mill Part Open Packet1 [Coarse]
. . . o] Rectangular Boss1 [Coarse]
Setup?, drag it to Mill Part Setup1. This Rectangular Pocket1 [Rough Finish]
exercise assumes the hole has already been Irreqular Pocket1 [Rough Finish]
drilled. Irregular PocketZ [Fough Finish]
; . . . Irregular Pocket3 [Fough Finish]
3. & Right click Mill Part Setup2 under the Irveqular Pockst4 [Rough Finish]

Feature Manager and select Insert 2.5 Axis +-J@| Countersunk Hole Group2 [Dril]
Feature on the shortcut menu.

The 2.5 Axis Feature Wizard: Feature & Cross Section Definition dialog box displays.

4. Change the Feature type to Boss. ' ‘
5. Make sure the Edge selection is set to Convert to
loop.

6. Zoom up on the seed part (the first part you
picked when you picked the parts to machine)
and pick the bottom edge of the part.

7. Click the Next button.
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8. Pick the top face of the lower portion of the
seed part.

9. Click the Finish button.
10. When the Wizard returns to the start, click Close.

The Irregular Boss feature is added to the seed
part and to every instance of the part.

11. Expand Setupl at the bottom of the tree.

When you ran AFR, CAMWorks created the 545 Setupl
Setups that define the machining directions that 4 [0 ©pen Pocketl <13 [Coarse]
will actually be approached for the current #-48] Rectangular Bossl <1 [Coarse]

+ Rectangular Pocketl <1 [Rough Finish)

CAMWorks machine. For 3 axis machines, the i S =
maximum number of Setups is one. + Irregular Pocket? <1= [Rough Finish]
Setupl lists all the features that can be machined H-4@ Irregular Pocket3 <13 [Rough Finish]
perpendicular to the Z axis that was specified in : g;z'i':zrszsik:i Z:SULR;:?ZF[QSE]
the coordinate system. B[O Irregular Bossl <1 [Coarse]

Sorting Part Instances to Determine Machining Order

When you add part instances individually or using the Add All Instances button, the
instances may not be listed in the best machining order. CAMWorks provides options for
sorting part instances to be processed in a more efficient order.

1. Under Setupl in the tree, click the + symbol next to several features.

The order that the part instances are listed under each feature is the processing order for
that feature. For all features, the parts are currently listed in the order the parts are in the
file. You can change the order globally for all features or for individual features.

2. @ Right click the Part Manager in the tree and select Manage Parts.
3. Click the Sort Instances button in the Part Manager dialog box.

The Sort Instances dialog box displays options for sorting the part instances for features
in the Setup either manually or automatically.

— The Part Manager instances option automatically sorts part instances for all features in
the Setup based on the user-defined order of instances listed in the tree under the Part
Manager. To set the order using this option, expand the Part Manager and Instances
items, then drag and drop the part instances.

— @Grid pattern automatically sorts part instances for all features in the Setup based on
the start corner, processing direction and process order.

— The Feature instances option allows you to manually sort the part instances listed
under each feature in the Setup. To set the order using this option, expand a feature in
the Setup, then use drag and drop to move the part instances.
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1% Did You Know ...
You can use one of the automatic methods, then if necessary, select the Feature
instances option and make changes to the part order for individual features.

4. Select the Grid pattern option.

When you use the Grid pattern option, the order is changed for the part instances under
every feature in the Setup.
5. Select the following grid options, then click OK:
— Start corner = Bottom left
— Processing direction = Horizontal
— Process order = Zigzag

6. Click OK to close the Manage Parts dialog box.

7. Click the + symbol next to a feature in the Setup and click each part instance to view the
machining order on the assembly in the graphics area.

8. Try to drag and drop a part instance under the feature to a different position in the list and
notice that the order does not change.

In order to change the order manually for an individual feature, you need to open the Sort
Instances dialog box and select Feature instances, then you can drag and drop the
instances under the feature. For this exercise, you can use the grid pattern order.

Generating the Operation Plan

1. <& Right click Mill Part Setup? in the tree and select Edit Definition on the shortcut
menu.

The Mill Part Setup dialog box displays.

2. On the Origin tab, select Top center for the location of |
the origin for all parts, then click OK.

The origin marker displays at the top center of the
seed part.

3. Click the Generate Operation Plan button on the
CAMWorks toolbar or right click the NC Manager at
the top of the tree and select Generate Operation Plan.

In the Operation tree, the Setup lists the operations.
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Defining G-code Program Zero Location

Toolpaths can be output relative to the Part Setup origin or a global Setup origin. In this
exercise, you use the Part Setup origin. The Part Setup origin specifies only the toolpath zero
point, not the X,Y,Z machining direction. The machining direction is based on the Fixture
Coordinate System. When machining multiple instances of the same part, the origin is
defined relative to the first (seed) part and referenced for all other instances of the same part.

1.

10.

<& Right click Setupl in the tree and select Edit Definition.

The Setup Parameters dialog box displays.

On the Origin tab, make sure Part Setup origin is selected for the Output origin.

Note that when Setup origin is selected, you can specify the origin using several methods.
Click the Offset tab.

The order of the parts on this page affects only the assignment of the offsets, not the
machining order.

In the Sort by section, select Grid pattern.

When this option is selected, the parts are sorted in a grid pattern. When you pick this
option, the parts in the table are automatically reordered based on the current settings for
Start corner, Direction and Pattern.

Set the Grid pattern parameters to the same settings you used when sorting part instances
for the machining order (page 6-7):

— Start corner = Bottom left (specifies which part, based on a grid layout, will be
assigned the register equal to the Start Value)

— Direction = Horizontal (relative to the Start corner part, the Direction defines which
part will be assigned the next offset register value)

— Pattern = Zigzag (defines the order the offsets are assigned)

Notice that the part order is updated in the table.
You can specify a programmable coordinate offset and assign an offset to each part.

Set the Work coordinate offset to Work Coordinate. This option will output G54, G55,
etc.

Set the Start value to 54 and the Increment to 1.

For the Start value, specify only the numerical value of the offset and not the G-code
prefix.

Click the Assign button. The numbers update in the Offset and Sub columns in the table.
Click OK to close the Setup Parameters dialog box.
If a warning message displays, you can click No to continue.
{1 Did You Know ...
Changing the machining order does not automatically change the offset assignments.

If you want the offset order to correspond to the machining order, you need to sort
the parts and reassign the offsets on the Offset tab.
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Identifying Fixtures and Clamps

Clamps and fixture components are added on the Fixtures tab in the Setup Parameters dialog
box. This dialog box allows you to define clamps, bolts, etc., so that machining toolpaths
will avoid these areas and to specify the clamps and fixtures that you want displayed during
simulation. Fixtures identified to Avoid apply only to 2 Axis Rough and Contour toolpath
calculations.

1.

&2 Right click Setupl in the tree and select Edit Definition again.

2. Click the Fixtures tab in the Setup Parameters dialog box.
3.
4. Pick the fixture plate and the machine table.

In the graphics area, pick the bolt holding the seed part.

The part names display in the Fixtures list and will display during simulation.

Highlight the bolt in the list and click the Add All Instances button.

All the bolts in the assembly are listed and will display during simulation.

Click the Avoid check box for the first bolt you picked that holds the seed part.

You need to check the Avoid check boxes only for clamps, bolts, etc., that touch the seed

part. For all other instances of the part, CAMWorks automatically avoids whatever you
select to avoid for the seed part.

Make sure the Avoid check boxes are not checked for the fixture plate and the table.

Although fixtures are 3 dimensional SolidWorks parts, CAMWorks considers the outside
silhouette or XY bounding box of avoid fixtures as islands to avoid in 2 Axis rough and
contour operations. Therefore, parts such as vices, the machine table, or rotary fixtures
whose silhouettes are larger than the part must not be selected to avoid, otherwise no
toolpath will be generated.

Set the Avoid area type to Exact.

When this option is selected, CAMWorks avoids the exact shape of the part. The
Simplified option creates a bounding box around the part that will be avoided.

Click OK to close the dialog box.
If a warning message displays, you can click No to continue.

Generating Toolpaths

After generating toolpaths, you can sort the operations in a logical machining sequence and
simulate the material removal.

1.

M Click the Generate Toolpath button on the CAMWorks toolbar or right click Setupl
in the tree and select Generate Toolpath.

& Right click Setup1 in the tree and select Sort Operations.
On the Process tab, remove the check mark from the Process complete feature option.

On the Sort tab, drag and drop operations so that Rough Mill is at the top of the list,
followed by Contour Mill, Center Drill, and Drill.
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5. Click Apply, then click OK.
The operations under Setup1 are sorted based in the order on the Sort tab.
6. Right click Setupl in the tree and select Simulate Toolpath on the shortcut menu.

7. Optionally, click the buttons in the second row of the Simulate Toolpath toolbar and
change the display of the stock, tool, tool holder and fixtures (shaded, wireframe,
translucent, no display).

8. LI Click the Run button on the Simulate Toolpath toolbar.
9. X When you are finished, click the X button to exit the simulation.
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Assembly 2

What You'll Learn

Multi-Plane Machining in Assembly Mode

CAMWorks supports 4th and 5th axis rotary (prepositioning) output for milling. The 4th and
5th axis position angles can be user-defined or automatically calculated. Parts requiring
multi-plane machining can be programmed in CAMWorks assembly mode.

The following exercise shows you how to use assembly mode to generate the code for a part
that will be mounted on a rotary table for machining.

1. Open the assembly file MILLASM_2.SLDASM in \Examples\Assemblies inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Assemblies).

2. Click the CAMWorks Feature Tree tab.

Define the machine, the Fixture Coordinate System and the axis that will be used to calculate
the 4th axis rotary angle:

3. & Right click Example Mill-in in the CAMWorks Feature tree and select Edit
Definition.

On the Machine tab, Example Mill—in is the Active machine.

Click the Tool Crib tab and make sure Crib 1 is the Active tool set.

Click the Controller tab and make sure FANTUTM is selected.

Select 4 Axis for the Indexing option. | . i Toeicib| cotoler| Fosing Setup | dth s | 5ith s |

This parameter defines to CAMWorks
the allowable machining directions gELE
for the current CAMWorks machine.

9. Select Coordinate System 1 in the
Fixture Coordinate System list.

® N o o &

Indexing : |4 Bxig j
Gilobal ratary retract plane ; [10in j

[ Display cutter comp an first move

Options

This refers to the "home point" or
main zero position on the machine.
While G-code output can be based on
this point, it is meant to be used as a
reference point. This parameter also
sets the positive X, Y, and Z
directions to be used for all moves on
this machine. The Fixture Coordinate System is defined from a SolidWorks coordinate
system entity. For more information on defining a SolidWorks coordinate system, see the
SolidWorks documentation.

Fisture Coordinate spstem

Coordinate zystems : Selected entity ;

Coordinate Systeml

|I:nnn:|inate Syztem]
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10.

11.

12.

13.

Select the parts:

1.

Click the 4th Axis tab. !

An axis is required in order to calculate the rotary angle.
An axis can be defined by selecting a cylindrical face or a
SolidWorks axis entity.

Click in the Axis entity box and pick the SolidWorks axis
in the graphics area.

In the 0 degree position section, click in the Entity select
box and pick a face on the model that is perpendicular to
the axis.

This identifies the 0 degree position about the selected
axis.

Click OK.

@ Right click the Part Manager in the tree and select
Manage Parts on the shortcut menu.

Pick one of the parts in the graphics area. This is the seed part.

Highlight the part in the Selected Parts list and click Add All Instances.

The other part instances are added to the list.

Click OK.

& The part name is listed under the Part Manager in the CAMWorks Feature tree.

¥ A Feature Manager, which is created for each unique part, is used to define the Mill
Part Setups and machinable features associated to the seed part.

@ For each unique part, all the instances are listed under the Instances item. You can re-
order and/or delete the part instances in the tree.

Define the Stock and Extract machinable features:

1.

@ Right click the Stock Manager in the tree and select Edit Definition on the shortcut
menu.

Change the value in the Z- box to .1 and click the Apply Stock Definition to <E
All Parts button to All button. =

Click OK.

E Click the Extract Machinable Features button on the CAMWorks toolbar.

When Automatic Feature Recognition is complete, all the Mill Part Setups and
machinable features that can possibly be machined on this part regardless of the machine
setup are listed under the Feature Manager.

At the bottom of the tree, AFR also creates Setups for the 4 parts on the tombstone.
Under each Setup are all of the features that can be machined from that tool direction.
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Generate the Operation Plan:

1.

8.

&R Expand the Feature Manager, then right click Mill Part Setup]1 in the tree and select
Edit Definition.

On the Origin tab, select the Top center to set the location of the origin for this Mill Part
Setup and click OK.

Repeat steps 1 and 2 for Mill Part Setup2 and Mill Part Setup3.

Click the Generate Operation Plan button on the CAMWorks toolbar.

The operations that were generated are listed under each Setup in the Operation tree.
Notice that the operations have a blue or black link icon. When machining the same
feature on different parts at different orientations in Assembly Mode, CAMWorks
automatically links the operations for these features so that the feature is machined the
same on all parts. The first linked operation in the tree is designated as the "parent" of the
set of linked operations and has a blue link.

Right click Rough Milll in the Operation tree and select Unlink Operation on the shortcut
menu.

The Delink Operations dialog box lists the three operations -, Rough Mili[T3 - 0.25 Flat End]
that are linked to this parent operation. These are the

operations for same feature on the other parts around the tombstone. You can unlink
single or multiple operations in this dialog box.

Click Cancel to close the dialog box.
You can also select an operation in the tree and unlink it from the parent.

Right click Rough Mill7 in the tree and select Unlink [+ Rough MIIZ[TY - 0,25 Flat End]
Operation on the shortcut menu.

The parent operation is listed in the Selected operations list.
Click Cancel to close the dialog box.

Define the G-code program zero location and identify the clamps and fixtures:

1.

& Right click Setupl in the Operation tree and select Edit Definition on the shortcut
menu.

On the Origin tab, make sure the Output origin is set to Part setup origin.

This specifies that the origin for the G-code output is relative to the Part Setup origin
instead of a global origin.

Click the Fixtures tab.

In the graphics area, pick the tombstone, the rotary table, the machine table and the vise
that holds the seed part.

In the dialog box, highlight the vise in the Fixtures list and click the Add All Instances
button.

Do not check any of the Avoid check boxes.
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Although fixtures are 3 dimensional SolidWorks parts, CAMWorks considers the outside
silhouette or XY bounding box of avoid fixtures as islands to avoid in 2 Axis rough and
contour operations. Therefore, do not check the Avoid option for parts such as the
machine table, rotary fixtures or vises whose silhouettes are larger than the part.
Otherwise, no toolpaths will be generated.

7. Select Exact for the Avoid area type option, then click OK. If a warning message
displays, you can click No to continue.

8. Change the Output origin to Part setup origin for the other Setups (see steps 1 and 2).

Note that the fixture components you picked in Setupl will display during simulation for
all Setups. If a warning message displays, you can click No.

Generate toolpaths and simulate material removal:

: @ Click the Generate Toolpath button on the CAMWorks toolbar.
Right click the Machine in the tree and select Simulate Toolpath on the shortcut menu.

w nho=

Optionally, change the stock, tool, tool holder and fixture displays.

4. LI Click the Run button on the Simulate Toolpath toolbar.

5. X When you are finished, click the X button to exit the simulation.

You can change the machining sequence, if desired:

6. Right click Example Mill-in in the tree and select Multi Part Toolpath Output.
The Multi Part Toolpath Output dialog box allows you to set the toolpath output order in
Assembly mode based on the following:

— Tool: starting with the first feature, for consecutive operations using the same tool, all
toolpaths machined by the tool are processed (posted/simulated) on one part and the
same sequence is repeated for other part instances.

— Feature: toolpath on each instance of a feature is processed before moving on to the
next feature.
— Part: all the toolpaths on a part are processed and then the next part is processed.
7. Select the option you want to use and click OK.

8. Right click Example Mill-in again and select Sort Operations.

The options on the Process tab in the Sort Operations dialog box allow you to establish
the rules for sorting operations. You can click the Help button to read an explanation of
the options.

9. Select the desired options, then click OK.
10. Run the simulation again to see the changes.
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Assembly 3

What You'll Learn
Machining the Same Parts with Multiple Machine Tools

Using CAMWorks Assembly mode, the same parts can be machined using multiple machine
tools. In this exercise, you set up the first machine to cut the parts on the rear table, then copy
the machine and program the parts on the front table.

1. Open the assembly file MILLASM_3.SLDASM in \Examples\Assemblies inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Assemblies).

The parts in this assembly
document have been positioned on
two tables to be machined using
two machine tools.

2. Click the CAMWorks
Feature Tree tab.

Set up the first machine tool to cut the
parts on the rear table:

3. 2 Right click Example Mill-in
in the CAMWorks Feature tree
and select Edit Definition.

On the Machine tab, Example
Mill-in is the Active machine.

4. Click the Tool Crib tab and make

sure Crib 1 is the Active tool crib. [

5. Click the Controller tab and make Machine | Tool Crib | Controller | Posting Setup | dth duis | 5th duis |
sure FANTUTM is selected.

: Set
6. Click the Setup tab. e ,
. ) Indexing : |None ﬂ
7. Select None for the Indexing option. )
. . Global ratary retract plane : 10in j

8. Select Coordinate System 1 in the Options

Fixture Coordinate System list, then [ Display cutter comp on first move

Cth OK Fisture Coordinate system

ThlS refers to the "home pOil’lt" or Coordinate systems : Selected entity

main zero position on the machine. Coordinate Systez

While G-code output can be based
on this point, it is meant to be used
as a reference point.
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10.

11.
12.

13.

14.

15.

Set up the parts on the front table to be cut by a different machine tool:

1.

This parameter also sets the positive X, Y, and Z directions to be used for all moves on
this machine. The Fixture Coordinate System is defined from a SolidWorks coordinate
system entity. For more information on defining a SolidWorks coordinate system, see the
SolidWorks documentation.

i Right click the Part Manager in the tree and select Manage Parts on the shortcut
menu.

Pick the six parts on the rear table in the order you want them to be machined.
The first part that you pick is referred to as the seed part.
Click OK.

& Right click on the Stock Manager in the tree and select Edit Definition on the shortcut
menu.

The Manage Stock dialog box displays. This dialog box allows you to modify existing
stock or create new stock for single parts and common stock for multiple parts.

Change the +Z to .1in, then click the Apply Stock Definition to All Parts button. <g
The change is applied to the stock for all part instances. =
Click OK to close the dialog box.

@ Click the Extract Machinable Features button on the CAMWorks toolbar or right
click on the NC Manager in the tree and select Extract Machinable Features.

AFR creates the Setups that define the machining directions that will actually be
approached for the current CAMWorks machine. For 3 axis machines, one Setup is
created.

Under Setup1 at the bottom of the tree are all the features that can be machined
perpendicular to the Z axis that was specified in the coordinate system.

E M Manager
Right click Example Mill-in in the tree and select Copy Machine on = F, Example Mil-in

the shortcut menu. - [+-gp Part Manager
. .. %ﬁ Stock Manager
A second machine is listed at the bottom of the tree. - [E-<5 Setupl

Right click the new Machine item and select Edit Definition on the E'g Edlle
shortcut menu . 3% Part Manager

Click the Setup tab and select None for the Indexing option.
Select Coordinate System 2 in the Fixture Coordinate System list, then click OK.

& Right click the Part Manager under the second machine in the tree and select Manage
Parts on the shortcut menu.

Pick the six parts on the front table in the order you want them to be machined.
The first part that you pick is referred to as the seed part.
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a MC Manager
- i Exarnple Mill-in

7. Click OK. + & Part Manager
Notice that the Feature tree lists all the Machinable 99 Stock Manager[1015]
Features for the parts on the front table. Once you igﬂ;ﬁ:ﬁm_in
have run AFR, all the features for all parts on all -8 Part Manager
sides are available. When you add the parts in the ¢ Stock Manager[1018]
Parts Manager, CAMWorks displays the features S §°ctunZ
+1-@| Hole Groupl =2 = [Drill]

automatlcally. 7-§@) Hole Groupz <23 [Dril]

+ @ Hole Groupd <2 = [Drill]
+ @ Counterbore Hole Groupd <2 = [Drill]
+ @ Counterbore Hole GroupS =2 = [Drill]

Generate the operation plan and toolpaths for all the parts:

1. Click the Generate Operation Plan button on the CAMWorks toolbar or right click
the NC Manager at the top of the tree and select Generate Operation Plan.

In the Operation tree, Setup1 and Setup?2 list the operations.

2. Right click Setupl in the tree and select Edit Definition on the shortcut menu.

3. Click the Fixtures tab in the Setup Parameters dialog box.

4. In the graphics area, pick the four clamps holding the seed part on the rear machine.
The part names display in the Fixtures list.

5. Click the Avoid check box next to the four clamp parts in the Fixtures list.

You need to check the Avoid check boxes only for clamps, bolts, etc., that touch the seed
part. For all other instances of the part, CAMWorks will automatically avoid whatever
you select to avoid for the seed part.

6. In the graphics area, pick the rest of the clamps and the machine table on the rear
machine.

7. Make sure the Avoid check box is not checked for the table.

Although fixtures are 3 dimensional SolidWorks parts, CAMWorks considers the outside
silhouette or XY bounding box of avoid fixtures as islands to avoid in 2 Axis rough and
contour operations. Therefore, parts such as vices, the machine table, or rotary fixtures
whose silhouettes are larger than the part must not be selected to avoid, otherwise no
toolpath will be generated.

8. Set the Avoid area type to Exact.

When this option is selected, CAMWorks avoids the exact shape of the part. The
Simplified option creates a bounding box around the part that will be avoided.

9. Click OK to close the dialog box.
If a warning message displays, you can click No to continue.
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10. Right click Setup2 in the tree and repeat the above procedure to pick the table and clamps
for the front machine.

11, @ Click the Generate Toolpath button on the CAMWorks toolbar or right click NC
Manager in the tree and select Generate Toolpath.

CAMWorks generates toolpaths for all the operations.
Simulate the material removal and post process the parts:
1. Right click Setupl in the tree and select Simulate Toolpath on the shortcut menu.

2. Optionally, change the display of the stock, tool, tool holder and fixtures (shaded,
wireframe, translucent, no display).

3. LI Click the Run button on the Simulate Toolpath toolbar.

4. X When you are finished, click the X button to exit the simulation.
5. Right click Setup?2 in the tree and select Simulate Toolpath on the shortcut menu.

6. LI Click the Run button on the Simulate Toolpath toolbar.

7. &3 When you are finished, click the X button to exit the simulation.
8. Right click the first machine in the tree and select Post Process on the shortcut menu.
9. In the Post Output File dialog box, type Rear Machine and click Save.
10. Click the Run button in the Post Process Output dialog box.
CAMWorks generates the NC code for the parts on the rear table.
11. Click OK when the code is finished.
12. Right click the second machine in the tree and select Post Process on the shortcut menu.
13. In the Post Output File dialog box, type Front Machine and click Save.
14. Click the Run button in the Post Process Output dialog box.
CAMWorks generates the code for the parts on the front table.
15. Click OK when the code is finished.
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Assembly 4
What You'll Learn

Simulating Castings

CAMWorks supports irregular shaped stock, such as
castings. To define the stock as a casting in Assembly
Mode, you can select a SolidWorks part either
graphically or from the SolidWorks FeatureManager
design tree. Any SolidWorks part can be selected, even
a part that is a part to machine.

Create the assembly in SolidWorks:
1. Start a New assembly file in Inch units.

2. If'the Insert Component PropertyManager is not
open, click Insert on the SolidWorks menu bar, then
select Component and Existing Part/Assembly.

3. _y In the PropertyManager, click Keep Visible to
add more than one component.

4. Click Browse and open MILL2AX 14 As-
Cast.SLDPRT in \Examples\Mill inside the
CAMWorks folder (e.g., \Program
Files\CAMWorksxxxx\Examples\Mill).

5. In the graphics area, position the part on the origin
and left click to insert it.

6. Click the Browse button again and open
MILL2AX 14 Machined.SLDPRT.

i s l‘""‘
7. Position the part on the origin so that it is on top of b e,
. . . T L [
the first part and left click to insert it. *M% \

8. ﬂﬁ) In the PropertyManager, click the OK button.
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10.
1.

12.

13.

14.
15.

16.

17.

18.

19.

20.

In the Assembly window, rotate the assembly so that
the orientation is similar to figure on the right.

o 351
E Click the FeatureManager design tree tab. _ "'*-,,::‘w---"d e;?“
Right click the Mill2AX 14 As-Cast item in the tree ~ gs \“\ /

and select Hide on the shortcut menu.

Click Insert on the SolidWorks menu bar and select
Reference Geometry, then Coordinate System. The
Coordinate System PropertyManager displays.

You need to create a SolidWorks coordinate system Frararartitt
that will be used to define the CAMWorks Fixture
Coordinate System.

Click OK. If no selection is made, the origin of the Coordinate System is the SolidWorks
assembly origin. In this example, the default origin works well.

Next, you are going to create the 4™ and 5™ axis rotation axes.
Pick the face shown in the figure below for the 4™ axis.
Click Insert on the SolidWorks menu bar and select Reference Geometry, then Axis.

In the Reference Axis ~
PropertyManager, the
Cylindrical/Conical Face
option is selected and the
list box displays the face
you selected.

Click OK.
Axis] displays.

) (%) (2) (5

Selections FN

"] One Line/Edge ttuis

Twn Planez
- . .
Two PointzAdertices

E Cylindrical/Conical Face

. . . . Paint and Face/Plane
Pick the second cylindrical surface shown in the figure on the
right for the 5™ axis.

"

Select the Axis command again.

In the Reference Axis dialog, the
Cylindrical/Conical Face option is selected and the
list box displays the face you selected.

Click OK.
Axis2 displays.

Click View on the SolidWorks menu bar and select
Axes.
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Selecting this command turns on the display of the axes that you just created so they can
be selected as the centers of rotation for the 4™ and 5™ axes of the machine tool.

21. Extend the axis lines to make them easier to select for the CAMWorks machining axes.
In CAMWorks, define the machine, Fixture Coordinate System and axes:

1. Click the CAMWorks Feature Tree tab.

1tem lp.the tree and select Edit Machine] Tool Erib] Eontrnller] Posting  Setup l4th A:-:is] 5th A:-:is]
Definition.

3. Click the Setup tab in the Machine Setup
dialog box.

4. Set the Indexing option to 5 Axis.
Options
[ Display cutter cormp an first move

5. Select Coordinate System1 for the
Fixture Coordinate System.

Fixture Coordinate system

Coordinate systems Selected entity
Coordinate System] _
6. Click the 4th Axis tab. | Machine | Tool Crib | Controller | Posting | Setup | 4th Ads |
7. In the 4th axis rotates about section, click in the 41 s rotatos bout
Entity select box and pick Axisl in the graphics ) X i ] Reverse drect
area or return to the SolidWorks O Y ais Ve e
FeatureManager design tree and pick the Axis1 O Zads
item in the tree. () Entity select e
.. . . . . Rotation direction :
8. In the 0 degree position section, click in Entity ow 3
select box and pick the face on the part shown in
0 degree position
the figure below. o
AT piane [] Reversze direction
OEiysciect | EHIASMESEE0NN

Learning Assembly Mode 7-21



Assembly 4

9. Click the 5th Axis tab.

10. In the 5th axis rotates about section, click in
the Entity select box and pick Axis2 in the
graphics area or return to the SolidWorks
FeatureManager design tree and pick the Axis2
item in the tree.

11. In the 0 degree position section, click in Entity
select box and pick the face on the part shown
in the figure on the right.

12. Click OK.

Select the part, define the stock and define Machinable Features:
1. & Right click the Part Manager item in the Feature tree and select Manage Parts.

The Manage Parts dialog box Manage Parts
displays.

2. Pick the part model Mill2AX 14 (Cactalirstarces )
Machined in the graphics area.

The part name displays in the

Selected Parts :

Selected Parts list.
3. Click OK.

4. Right click Stock Manager in the tree and select Edit Definition.

5. For the Stock type, click the SolidWorks part button. |
6. E Click the FeatureManager design tree tab. %
7. Pick the Mill2AX 14 As-Cast part in the tree.

8. Click OK to close the dialog box.

. =] @: Part Manager
9. |!| Click the CAMWorks Feature Tree tab. @ Mil2AX 14 Machined. SLDPRT [Defauit]

=] r’? Feature Manager
=<5z Mill Part Setupl
5] Hole1 [Dril]
=<5z Mill Part Setup2

on the CAMWorks toolbar.

10. E Click the Extract Machinable Features button/v

11. Expand the Feature Manager item to show all ¥5] Counterbore Hole 1 [Dril]
the Mill Part Setups and features found by AFR. =% Mill Part Setup3
12. Right click MS Hole feature under Mill Part % Eﬂ' Counterbare HoleZ [Dril]
= Mill Part Setup4
Setups’ and select Delete. @ Countersunk Hole Group 1 [Drill]
This feature is inside the casting and will not be =<5 Mil Part Setup5
machined. M3 Hole1 [MSH1(nch)]

. . @ Countersunk Hole Group2 [Drill]
13. Click Yes to confirm the deletion.
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14, &2 Right click Mill Part Setup5 in the tree and
select Insert 2.5 Axis Feature.
15. Rotate the part so you can see the bottom.
16. Change the Feature Type to Face Feature.
17. Pick the bottom face of the part (the face with the
circular hole pattern).
18. Click Next.
.. . & 0 37 3 s = Co itio
19. Set the End Condition to Blind. £ Auds Leature Wizatd ; Lod Conditions
20. Set the Depth to 0.1in and remove the e cendten
check mark from the Reverse direction Type | Biind v|
OptiOH. Depth : % [IReverse direction
21. Leave the Attribute set to Coarse.
22. Remove the check mark from the Use Attributss
stock extents option so only the circular attibute - [ Coares o | [ Use stock extents
face is machined. [ Profile s offset
23. Click Finish to complete the addition of fhoer
the new Face Feature. 2.5 Ads side wal
. . . Tapered
24. Click Close to exit the wizard. -
Autodetect T e Taper in
st AngE I:I Taper out
Edit feature profiles
[ Help ] [ Cancel ] [ << Back ] [ Mext > ] [ Finish l
= @ Setupl
25. In the lower section of the Feature tree, drag and drop {0 Hole1 <1 [Dil]
the Face Feature onto Setup5 so that it is the first &< Sctup2 _
. @ Counterbore Hole1 < 2= [Drill]
feature machined on that Setup. 2 %y Setup3
@ Counterbore Hole2 <3z [Drill]
Generate operations and toolpaths, then run the = <& setupd _
. lation: x @ Countersunk Hole Groupl <4 [Drill]
simulation: %) Setups

1. Click the Generate Operation Plan button on the

CAMWorks toolbar.

FilFace Featurel <5 [Coarse]
. @ Countersunk Hole Group2 <52 [Drill]

2. E Click the SolidWorks FeatureManager design tree tab.
3. Right click the Mill2AX-14 As-Cast item in the tree and select Show.

4. &' Click the CAMWorks Operation Tree tab.
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10.
11.

12.
13.

14.

15.
16.

&R Right click Setup1 in the Operation tree and select Edit Definition.

On the Origin tab, change the Output EFiarErn e
origin to Part setup origin and click

Origin l.-’-‘«:-:is ] Offzet ] Indexing] .-’-'l.d\-'anced] Statiztics | MC F'Ianes] Fi:-:tures]

OK.
This message displays: The Rapid or Cutput °'i9i”. |
Clearance Plane value for an £ Setup origin

operation is higher than the value " Part setup origin

defined for the Setup. Change the
Setup definition to the highest operation value?

Click No.
Set the Origin to Part setup origin for the rest of the Setups in the same manner.

Right click the Center Drill operation under Setup3 in the tree and select Edit Definition
on the shortcut menu.

Click the NC tab. Operation Parameters

Set the Rapld plane and Tool || F/S | Center Dril | NC | Feature Options | Advanced || Posting | Optimize
Clearance plane to Top of

Feature, then click OK. Rapid plane is SEE

By default, the Rapid and | Top of Feature v|

:
Clearance planes are relative to Distance : | Tin 3 %

the stock. However, the Top of [ Use Setup Definition
Stock setting applies only to

Setups that are normal to the LEEEELTEs Preview |
sides of the stock. Setup3 is not [fopoifeae [ i

normal to the stock, so the Top Distance - - T 7

of Stock setting will not R ! / .

produce correct Rapid and
Clearance planes.

Right click the Drill operation under Setup5 in the tree and select Edit Definition.
On the NC tab, set the Rapid and Clearance planes to Top of Feature, then click OK.

E Click Generate Toolpath on the CAMWorks toolbar.

E Click Simulate Toolpath on the CAMWorks toolbar.

Set the toolbar buttons as shown below.

| & 14
o @|v|o|a @

. L Click the Run button.

7-24 Learning Assembly Mode



Chapter 8 Learning the TechDB

The intelligence behind CAMWorks machining automation is TekSoft’s proprietary
Technology Database (TechDB™). The Technology Database is shipped with data that is
considered generally applicable to most machining environments. In order to gain full
advantage of CAMWorks, you will want to modify this data and input additional knowledge
that represents your expertise and your facility's capabilities and machining methods. This
knowledge can then be recalled and applied in CAMWorks to help automate and promote
consistency in NC programming and machining.

Even without this individual tailoring, CAMWorks can be used as a productive tool. With
the exception of tooling and machine information, any method or machining procedure that
is defined in the Technology Database can be applied interactively and modified in
CAMWorks.

The TechDB is responsible for the following:

+ definition and selection of machine tools

. definition and selection of tool sets

. definition and selection of cutting tools and holders
+ determination of machining methods

+ definition of speeds and feeds conditions
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TechDB 1

What You'll Learn

Adding and Editing Mill Machines

One of the first steps when using CAMWorks is to define the machine that the part will be
programmed for. The machine tool used for the manufacturing of a part will influence the
methods used to complete the task. CAMWorks has automated this by allowing your facility
to create a database of the existing milling centers.

When you set up a mill machine in the TechDB, you can:

Define the CNC machine tools in your facility.

Assign a name or machine number to each machine tool.
Assign a Post Processor to each individual machine.
Assign Tool Cribs to each individual machine.

Define the machine as a light duty or heavy duty machine, which if used, will directly
influence the speeds and feeds output by the MES Speed and Feed library.

Set X & Y travel limits of the machine tool.

Define the number of axes that the machine tool is capable of machining to.

The following exercise explains how to use the Machine Parameters form to add additional

machines.
1.

PEHLSEOHBY DL & e B

Open a mill part file and click the

TechDB button on the CAMWorks

toolbar.

Microsoft Access starts and the TechDB Main Menu
displays.

The TechDB, which is based on the Microsoft Access
database engine, contains a navigation tree, menus and
forms that are used to modify and enter data.

For this exercise, you can use either Inches or Metric for
the Units option below the navigation tree.

The information in the database is stored in two sections:
metric and inch. If your SolidWorks part is metric,
CAMWorks will access the metric information in the
database. If the part is inch, CAMWorks will access the
inch information. When you enter information in the

TechDB, you need to specify which section of the =

database you are editing: metric or inch.

oo Main

][] [ [ [ [

i}

i}
i}
i
i}
i}
i
i}
i}

Mill
Ll M=chine T
00 Festure & Operations

" PFeatures & Operations
Multi-stepped Hole
Thread Mil
Map Mill Features
Sort Operations
User Defined Attributes
Defzult Operation Paramete
Defzult Setup Parameters

SN O A

Turn
Mill-Turn

EDCM

Tooling
Feeds/Speads
Maintenance
Internst Links
About

"units H

Appln default :

Expand the Mill item in the navigation tree, then click the |
Machine item to select it.
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The Machine Parameters form displays the machine information in the first record. All
data in the TechDB is considered a record. The Machine Parameters form is divided into

three tabs: General, Specifications and Turret.
Machine name, Machine ID,

B Mill Machine Parameters

Machine description

These are user description fields. The
Machine name is the name that appears
in the list of machines in CAMWorks.
Machine ID is used to reflect a number
or name the user can assign to the

‘Mill Machine Parameters (inches)

| ¥ Default machine

Machine name : |Exarnp|e Mill-in

General | Specifications | Turet |

machine. Machine description allows for
a description that is shown in
CAMWorks along with the name. These
fields do not affect code output.

Default machine

Only one machine can be the default.

Machine ID : |Mi||ing Machine Inch

Machine description : |Sample miling machine - Inch

Controller : |F-'5-N UTM.CTL

-1
[

Machine duty : |Light Duty

This machine is the one chosen automatically when you enter CAMWorks. Normally,
you would make the default machine the one you program most. If you program on
different machines, you can change the machine easily in CAMWorks.

Controller

This parameter defines the CAMWorks post processor file to use for the selected

machine.
Machine duty

This option allows you to specify the kind of work this machine does. Changing the
setting changes the speeds and feeds coming out of the database. A different speed and
feed can be set for each material depending on this setting. This allows you to set speeds
and feeds according to the particular machine’s capabilities. For instance, a machine with
a 20 hp spindle motor may be set as Heavy Duty, while another machine with a 10 hp

spindle motor may be set as Medium or Light Duty.

The Specifications tab allows

il Specifications lTunet ]

you to set some operating
parameters for the machine.
Most are self-explanatory such
as Horsepower, Max spindle
speed and Max feed rate. These
values are available during
posting.

Horsepower :
Max. spindle speed ;
Max, feedrate :
Avg. toal change time :
Avg. index time :
Indexing :

Offset distance method

[ 2t
[ 10000 rpm
IW inches,min
liﬂ min.
liﬂ min.

Mone -

Table travel
X 40 inches

20 inches
20 inches

i
Z:

: [Rotated =

Global Rotary Retract

10 inches

Display cutter comp on first move [~
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The Indexing can be set to None, 4, or 5. The default setting displays for the Indexing
parameter on the Setup tab in the Machine dialog box. This option defines to CAMWorks
whether single direction or rotary indexing is active and in Assembly mode controls the
allowable machining directions. AFR and interactively inserted features can be defined
for any machining direction. If set to None, you can define a single machining direction.
If set to 4 or 5, the number of directions 1s unlimited.

Table travel sets the maximum table travel in X, Y, and Z.

fications Turret l

The Turret section allows you to set the standard tools for

this machine. ol i prorit}
The Tool crib pulldown lets you select the standard set of Lol cibFom |
tools this machine uses by default.
Tool aib :|crib 1 R

The Tool crib priority option tells CAMWorks to override
some settings for choosing a tool if the tool exists in the St
tool crib. For example, a 20mm cobalt end mill chosen

because of the material being machined would be overridden if another 20mm end mill
exists in the tool crib. When this option is selected, CAMWorks changes the icon of an
operation in the Operation tree to indicate a tool has been chosen that did not come from
the Tool crib.

For more information on the Tool Crib and how to use it, see the TechDB 2 and TechDB
3 exercises.

Locate the Record buttons at the lower left of the form  |gecord: 14] ot — T
and click the Next button.

The Record buttons allow you to navigate through the list of machines. All forms in the
CAMWorks TechDB have these buttons. You can move to the beginning and end of the
list, as well as move through each record one at a time. The total number of records is
displayed here. CAMWorks supplies sample machines. You can modify or delete these
machine definitions as required.

Click the Go To Last button. Record: 14] < || 1 v [ rn e

The form displays an empty record that you would use
to add an additional machine.

Click the Close button.

When you finish entering information for machines, there are no additional commands
needed to save the data. The information is saved when you click Close.

BMNC-40
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TechDB 2

What You'll Learn
Adding Tools to the Tools Library

The Tools Library command on the Technology Database Main Menu provides access to
various commands for adding, deleting, and editing mill tools, holders, tool assemblies, and
tool cribs. Tool types supported by CAMWorks include drills, taps, end mills, user defined
tools and many others. While the Technology Database is supplied with many different tool
types and sizes, it will not likely include all various tools used within your facility. Ideally, to
take the most advantage of CAMWorks, it is recommended that you add or modify the tool
libraries to include the tools used in your machining practices.

Each tool is defined with both geometric and non-geometric characteristics. Some of these
parameters are used directly by CAMWorks in the calculation of toolpaths and feeds/speeds
and for display during toolpath simulation. Other parameters are provided for the purpose of
user identification and tool management.

Optionally, holders can be defined and mated to tools for increased tool reference
information and management as well as enhancing toolpath simulation and validation.

The following exercise shows you how to &E . & =S e = o i iy 4

add a tool. ~

1. Open a mill part file and click the TechDB button on the CAMWorks toolbar.
Microsoft Access starts and the TechDB Main Menu W Mil-Tuen ~
dlsplays. T U_U LEDIIII'nogiInt-to-Pnint Tools

2. For this exercise, you can use either Inches or Metric for ¥ Bore
the Units option. 7 Conter ol
The information in the database is stored in two sections: v Bl ——
metric and inch. If your SolidWorks part is metric, Lo
CAMWorks will access the metric information in the ¢ FlatEnd
database. If the part is inch, CAMWorks will access the : ::IG'N'::E
inch information. When you enter information in the ¢ Face Mil
TechDB, you need to specify which section of the database =J 0 Taper End Mill
you are editing: metric or inch. y E'Z;E;:se

3. Expand the Tooling item in the navigation tree and click ¥ BallNoze
Drill under Point-to-Point Tools to select it. i 33 i:::a;:,::ers
The Tools Database — Drill form displays. The tool library ¥ Tap - Cutling
contains all of the standard drill sizes. The tool expressions . Iifea:ﬂ:;g Single-peir
for hole features are based on the standard drill sizes so « Thread Ml - Multi-point ¥
that CAMWorks will automatically find the proper size = =
tool for a hole feature. All of the drills entered in the ¥ Units Appin defaul
database are cobalt. |tnches <[] il <
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& Tools Database - Drill M=)
Tools Database - Drill (inches)
D (o] Tool ID Fractio Diameter Shank Handofcut  Flute Overal  Protrusion Shoulder Mo, Tip Tip Tool material Comment

N nor o1 dia. length length L3) length of angle length
Ma. 02) L2 L) (L4  flutes (A)

| WV [pLs-97 37 | 0.0058 [0.0058 Righthan = ][ 0.5 | L5 | 1.2 | 05| 2| 118 |0.00177 [Cobalt _ |[#97 10BBER DRILL
| W |DLs-96 ES | 0.0083 [0.0083 [Righthan_~[[ 0.5 L5 | 12| 06| 2| 118 |0.00189 [Cobalt _~ | |[#95 J0BBER DRILL
| W |DLS-s5 |35 | 0.0087 [0.0087 [Righthan_~[[ 0.5 L5 | Lz | 05| 2| 118 |0.00201 [Cobalt _~ | |[#95 J0BBER DRILL

The field name is listed across the top of the form above each column. Most of these fields
are self-explanatory as they pertain to the size and configuration of the tool. There are 3
fields for user customization.

The ON field allows you to control whether CAMWorks can select the tool. When this
option is checked, CAMWorks can select the tool when an operation plan is generated.
When it is not checked, CAMWorks will not select the tool. For example, if a tool that is
normally used is temporarily not available, the check mark can be removed so that the tool
will not be selected when Generate Operation Plan is selected.

Tool ID can be used to identify tools. For example, if you have a tool crib identification
system in use, this field could reflect it or you could use the stock # or order # for the
specified tool.

The Comment field at the far right can be used to customize the comment shown for each
tool when displayed in CAMWorks.

Sorting

Enter ) Shiow
diarneter (01): I Eird Showw Al

 pckive " Inactive

Below the list of tools is an area with search and show options. These options allow you to:
« Type a tool diameter and click the Find button to display only tools with a specified
diameter.
« Click the Show All button to reset the list to show all tools.

« Select the Active or Inactive radio button to display only active tools (those tools with
the ON option checked) or only inactive tools (those tools with the ON option not
selected).

1. Type .5 in the Enter diameter text box and click the Find button.

The list displays only tools with a .5in diameter and the total number of tools that were
found displays at the bottom of the form.

2. Click the Show All button to display the entire list again.
You can also use the Sort command to sort records by field:

3. Click in a cell in the Eff. Cut length column. [Records Todks window  Help
4. Select Records on the menu bar at the top of the ”“ I"‘l S
i ':":"'- art Ascendin
Access window and select Sort, then select Sort — gl e d_g
Ascending PRl Fileer{Sor 4+ Sort Descending

The tools are sorted based on the cut length value.
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5. Click the Show All button to return the list to the original order.

Navigating Through the Tool List and Adding Tools

At the bottom of the form are buttons and options that can be used to navigate through the
list of tools. The total number of records is also displayed. In the figure below, there are 367
drills in the database.

Use the Record buttons to navigate to the beginning and end of the list or move through the
list one record at a time. All forms in the TechDB have these buttons.

1.

Record: HI i II 1)k | k1| mE| of 367

Click the Go To End button.

The end of the list displays with an empty record at the end to allow you to add new
records. Every list in the TechDB has an empty record at the end.

Note that you can also use the scroll bar on the right side of the form to move through the
list.

B Tools Database - Drill

Tools Database - Drill (inches)

D 0 Tool ID Fracto Diameter Shank Handofcut  Flute Overal Protrusion Shoulder MNo. Tip Tip Tool material Comment
M nor D1 dia. length length L3) length of angle length
Na, D2) L) Ly L4 flutes  (A)
[ W | | | o5 2 |right han_~ | | 1| 3 2| 1] 2| =0 o 1

If you were entering a tool, you would start typing values into the fields.

IMPORTANT! As soon as you start typing in an empty record, a new record will
display below the one you are editing. It can be confusing to determine which record you
are working on since the record you are editing is no longer the last record.

Click the Close button.

When you finish adding new tools, there are no additional commands needed to save the
data. The information is saved when you click Close.
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TechDB 3

What You'll Learn
Using Tool Cribs

After you have entered all the tools into the Tool Library to meet your manufacturing needs,
you need to build a Tool Crib for each milling center or build one Tool Crib for use with all
of your machining centers. A tool crib is a subset of all the tools in the library and usually
represents the tools that are commonly loaded into the machine's turret or are commonly
used. A Tool Crib is then associated to a Machine definition so that when the machine is
selected in CAMWorks, these common tools are made available during the programming of
the part. There is no limit to the number of tools in a Tool Crib or the number of tool cribs

you can create.

CAMWorks is supplied with several example tool cribs that are intended to be used with the
CAMWorks example files. These tool cribs can be modified or deleted as required.

1. Open a mill part file and click the TechDB button on the CAMWorks toolbar.
Microsoft Access starts and the TechDB Main Menu displays.

2. For this exercise, you can use either Inches or Metric for
the Units option.

The information in the database is stored in two sections:
metric and inch. If your SolidWorks part is metric,
CAMWorks will access the metric information in the
database. If the part is inch, CAMWorks will access the
inch information. When you enter information in the
TechDB, you need to specify which section of the database
you are editing.

3. Expand the Tooling item in the navigation tree.
4. Expand Mill Tooling and click Tool Crib to select it.
The Tool Crib form displays.

Using standard Access commands, you can perform the
following functions in the Tool Crib form: create new Tool
Cribs with an unlimited number of tools in each one;
modify the tools in an existing tool crib; and delete a tool
crib or selected tools in a tool crib.

When assigning a Tool Crib to the machine that you are
programming for, you are indicating that only these tools
should be available for use.
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&=l Mill Tool Crib

Tool Crib (inches)

D Tool crib name Tatal
stations

crits 1] | =0 r

i} Skn. no. Comb Id Tool type Tool ID Key parameters Holder 10 o
| | 1] [FlatEnd Taper =] | 32*|[5/16 TAPERED ENDMILL 1 [ | 30

10.

| | 2| [single-point Threa_= ] | 22|14 =P CARE THREAD MILL | 22

At the top of the Tool Crib form is the name of the crib and the number of stations the
Tool crib has. You cannot have more tools in the list than the number in Total stations.
For example, you may have a machine tool with a 30-tool position magazine and there
are an additional 20 tools that are readily available. You could define a Tool Crib of 50
tools. When programming a part in CAMWorks, you can easily select the tools to use
from this Tool Crib. There is no limit to the number of tools in a Tool Crib or the number
of tool cribs you can create.

The Define using Tool Assemblies option determines if the tool crib will be defined
individually from tools and holders (unchecked) or using tool and holder assemblies
(checked). Crib 1 was defined individually from tools and holders.

There are three main fields on the Tool Crib form:

The Stn no. refers to the particular tool turret station that the tool will be loaded in, and
will be the tool number output in the G-Code.

The Tool type reflects the type of tool, such as Flat End Mill, Ball Mill, Drill, etc.

The Key parameters field is filled automatically after the tool is selected.

Under Tool type, click the down-arrow button to the right of the tool type of the first tool.
If you were adding a tool, you would choose the tool type from the list of available types.
Leave the current tool type selected.

To the right of the Tool ID column is an edit button to select the particular | Tool D
tool for this station. Click the button to display the selection form. B —

The Tool Database form for the type of tool selected under the Tool Type
column appears.

If you were adding a tool to the crib or replacing the existing tool in this station, you
would locate the tool in the list, select it, then click OK.

Click Cancel to keep the existing tool and close the Tools Database form. Holder 1D

Click the edit button to the right of the Holder ID column to open the Mill ———2¢]
Holder Library form.

Each tool in the Tool Crib has a tool holder associated with it. You can display the holder
during toolpath simulation and check for collision between holder and stock.
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& Mill Holder, Library

Mill Holder Library (inches)
i} Helder Haoldet shape Hualder type Hualder Top Bokbam Creerall Bottom User defined Comment
number zpecification  diameter diameter  length length name & path
(D1} (D2} (L1} (L2}

M [455F-100-  [Basic | [Flange Adapte =] [caTasv =] [ 325 [ 175 | 3| zes | 2| [1o0Tia = caT:
[ [v505F-100-  [Basic | [Flange Adapte -] [caTsov -] [ 3875 [ 1.75 | 3| zzm | = [1.00Dia = CAT?
[ [ET405F-10C  [Basic | [Flange Adapte =] [408T ][ 25 | 1w | azm | 17E | 2| [1.00Tia x 4081
[ [ET505F-10C  [Basic | [Flange Adapte -] [s0BT -] [ 39 [ 175 | 3] 17 | = [1.00Di= = 5081

11. Click Cancel to keep the existing holder, then click Close to close the Tool Crib form.

12. Expand the Mill item in the tree and click
the Machine item to display the Machine

B Mill Machine Parameters

Parameters form. ‘Mill Machine Parameters (inches)
. : » :
13. On the Turret tab is a pulldown list for W Default machine

selecting the Tool crib to associate to the B - i 1
machine. When you define a machine, you General | Specifications  Turret |
would select the desired Tool crib for the
machine. Tool crib priorityl
The Tool Crib Form button is another ToolCrioForm_ |
method for opening the Tool Crib form. [ =2
When the Tool crib priority option is Tool crib : [T | [ |
checked, CAMWorks changes the icon of Spindle taper : s —

1 1 1 Crib 2 (Fadal 4020)| 25
gn 9perat1on in the Operation tree to . e m:a:) 5
indicate a tool has been chosen that did not Crib 4 (english) | 15

come from the Tool crib.
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Tech DB 4
What You'll Learn

Feature and Operation Basics

The Feature & Operations area of the database is essentially the brain of the TechDB. The
operations generated in CAMWorks and all the parameters they contain come from Feature
& Operations. This example explains how to define:

Default Setup Retract
3.

Defaults for the Setup Clearance and Retract planes.
Operation defaults that display when you define new operations in the TechDB.

Default sort sequences for operations when you use the Sort Operation command in
CAMWorks.

New attributes.

Open a mill part file and click the TechDB button on the CAMWorks toolbar.
Microsoft Access starts and the TechDB Main Menu displays.

You can use either Inches or Metric for the Units option at the bottom of the tree.

The information in the database is stored in two sections: metric and inch. If your
SolidWorks part is metric, CAMWorks will access the metric information in the
database. If the part is inch, CAMWorks will access the inch information. When you
enter information in the TechDB, you need to specify which section of the database you
are editing: metric or inch.

& Default Setup Parameters

Expand the Mill item in the tree, then |Defau|t Setup Parameters (inches)
expand Feature & Operations. D Description Default
Click the Default Setup Parameters item g [ =

to select it. Rapid plane parameters

The Default Setup Parameters form Rapid plane is :[Setup orign_~ |

allows you to set the default Rapid and Repidplane: [ 2.5 in

Clearance settings and Upper and Lower

7 leltS Clearance plane parameters

The Rapid plane is the safe Z retract Gearance plane s :|setup orign 7|

position that the tool enters from and Clearance plane:| 06 i
returns to before and after each operation. Upper Z Limits

The Clearance plane is a Z position that First cut from : [Top of feature = |

the tool retracts to between Z cutting e Oy

depths within the operation. Close | Help |J
Click the down arrow next to the Rapid record: M| 4 [[ 1 _» | M [p¥| of 1 (Filtered) -

plane is and Clearance Plane is
parameters to view the choices, then click Close.
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Default Operation Parameters \Default Operation Parameters

6. Click the Default Operation Parameters BEEINi) RE

D
- IS & Defauit Set 1 (inches) NN
item under Feature & Operations in the =
navigation tree. Operation Parameters
. | Db Operation &
The Default Operation Parameters form 3 [Rough mil | #le——o
displays. This form controls the defaults |l |Contour il =] =
that display when you create new | riing 1 2
operations in the TechDB database. _: :iea"? j%
apping = |5
For example, if you were to add a new | [5-Ais Rough = =
Rough Mill operation in the database, B [5-Axis Finish 1 =
the fields on the form would display - |Center Dl =] =
default values. This is where those |l [Countersik 1 21
parameters come from. Setting your | fporing 1 21
I Thread Mil 1 =l |
preferences beforehand can save you a

significant amount of time later.

Additionally, when using the Insert Operation and Insert Hole Operation command to
insert operations manually in CAMWorks, if the option Use default parameters is active,
the default parameters for the inserted operation are also derived from this form.

For increased flexibility, this form allows you to define different sets of defaults, where
each set should contain only one of each operation type. The Default check box on the
form defines which set is active.

7. ﬁl Click the edit button next to the B Rough Mill Operation Parameters
Rough Mill operation.

Operation Parameters - Rough Mill

E/ETI ?(E)ri;a;llzgllgigameters B Rough FHS] Houghing] KC ] Feature Dptinns] .&dvanced] Dptimize]
The settings on the tabs in this form are Link to F/S library [~
the defaults for new Rough Mill — spindle
operations. spindle speed :[ 200 rpm
Remember, this is for new operations, —Feedrates
not for existing ones. [ =0 injmin
8. Click Close to return to the Operation v ¢ eermre ,J i
Default Parameters form W Leadin feedrate % 25
9. Click the edit button for the other XY feedrate ; 10 injmin
operation types and view the default
parameters.

10. When you are finished, click Close to exit the form.
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Sort Operations Default & Sort Operations %]
11. Click the Sort Operations item under Sort Operations
Feature & Operations in the TechDB ID: Description Default
navigation tree. | Scheme 1 v
. . ati Priority List
Operations in CAMWorks can be ?:r o Pty operaton "
sorted manually by dragging and | [Face mil
dropping in the Operation tree or I ICEmH Dl
T . . Drilling
automatically using the Sort Operations | ==
command. This form controls the | [Boring
default order for how the operations are I IREBm
. Tapping
be sorted using the command. | [y o
To change the order of the operations | [Rough il
in the form, highlight the operation to I Igi’:i“;::!h
be moved, scroll to the bottom, then | [5-Aods Fiish
use the Decrease or Increase buttons to | el
change the position. I IS::ZT:E':L
12. Click Close to exit the form. I IPat'Hn Project
Z Level
User-defined Attributes I Iﬂonmlﬁn; Stepover
Pendil Mi
13. Click the User Defined Attributes item | [Fiat Area
under Feature & Operations in the | JCurve Project -
Prinritw : Nerrease L | Tncrease 4 |

TechDB navigation tree.
The Feature & Attributes form  [inmbaatii il

displays. Every feature in Feature & Attributes

CAMWorks, (pocket, hole, slot, Feature

multi surface feature, etc.) has | e =
attributes assigned to it. User Defined Attributes
ID: Attribuke 1D Atkribute Default -

Attributes allow you to set up
multiple methods for machining
the same type of feature. The
hole feature shown here is a
good example. You may want to
drill, ream, bore or thread a
hole. The attribute allows you to
choose the method for each
feature in CAMWorks before
generating the operation plan.

The Feature & Attributes form
allows you to define the names
of the attributes. That is all you
do on this form. The parameters
for the given attribute are set
elsewhere.

.l [ Mo Tl r
| | |E|:|gebrk I
*| | | &

Default Defined Attributes

0 Atkribute ID Atkribute Default -

[cril

| |

| | |Bore

| | |Ream

| | |Thread

LI IN

Close Help

Record: 14 1 kM of 21

Learning the TechDB 8-13



Tech DB 4

14.
15.

16.

17.

The User Defined Attributes section at the top allows you to add and change names. After
adding a new attribute in this form, you set up the machining method for the new
attribute in a different form (Feature & Operations).

Default Defined Attribute names cannot be changed. For example, the Drill, Bore, Ream,
and Thread attribute names for hole features cannot be changed; however, the parameters
that those attributes call can be changed in the Feature & Operations form.

Click Close to close the form.
On the navigation tree, click the Features & Operations item under Feature & Operation.
The Feature & Operations form displays the conditions and operations defined for a hole

feature. B Feature & Operations

Locate the Atjcr}bute col}lmn in the Feature & Operations (inches)
Feature Conditions section.
. . 1D Feature Type :

Click the down arrow to the right of | [Fole = |

the Drill attribute in the first record Feature Conditions |

and notice that the names Of the D Sub-Type Aktribuke l Base Attribute

attributes in the list are the same as the

names in the Feature & Attributes dl [Blind -] [ | [Mone =1

form. The next exercise explains how | [through i =

to set up the machining sequences | fpind il =
. . | [Through Mone -

associated to an attribute. «
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TechDB 5
What You'll Learn

Creating an attribute and associating a machining sequence
Applying the attribute in CAMWorks

Creating new attributes allows you to customize the TechDB so that CAMWorks will
machine features using your exact methods. In the following exercise, you create a new
attribute and associate a machining sequence in the TechDB, then apply the attribute to a
feature and generate the operations in CAMWorks.

Creating an Attribute and Associating a Machining Sequence

1.

Open the part file MILL2AX 11.SLDPRT in the \Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the TechDB button on the CAMWorks toolbar.
Make sure the Units selection box is set to Inches.

The information in the database is stored in two sections: metric and inch. If your
SolidWorks part is metric, CAMWorks will access the [= w1 main
metric information in the database. If the part is inch, = o il
CAMWorks will access the inch information. When ¥ Machine _

. . . =l 00 Feature & Cperations
you enter information in the TechDB, you need to
specify which section of the database you are editing:
metric or inch.

Click the User Defined Attributes item under Feature &
Operations in the TechDB navigation tree. -—

#  Features & Qperations
Multi-stepped Hale
Thread il

Map Mill Features

Sort Operations

Uzer Crefined Attributes

Cefault Operation Pararnete

S R

The Feature & Attributes form displays.

Cefault Setup Parareters

There are five attributes listed in the User Defined
Attributes section. An empty record is under the Drill
Entry attribute.

B Feature & Attributes

Feature & Attributes

Click the down arrow below the
Feature and select Rectangular

Feature
POCkCt. | TTSA |Rectangular Pocket j
Click in the empty record text box User Defined Attributes
and type Example. ID: Attribute ID Aktribute Default 1=
Click Close to exit the form. | | [Rough Firish v
) . N ] | [corner Rad I

The attribute is saved | [Taper r
automatically when you close the |Leftover r L
form |Dri|| Entry [

) F [ [Ezample I ﬂ
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Associate a Machining Sequence to the Attribute = Ul Main

1. In the TechDB navigation tree, click the Features &
Operations item under Feature & Operations.

The Feature & Operations form displays. This form 1s
where all of the machining operations and their
parameters are contained and where most TechDB
editing is done.

This form has three sections:

— Feature Type is the type of feature, such as Hole,
Rectangular Slot, Irregular Pocket, etc.

L A

=] oo il
¥ Machine
= U0 Feature 2 Operations
Ll F=atures & Cperations

Multi-stepped Hale
Thread il
Map Mill Faatures

Sort Operations

Uzer Defined Attributes
Default Operation Pararnate
Default Setup Pararneters

— Feature Conditions sets a particular condition that the feature will fit into based on its

size and attribute.

— Operations for Matching Conditions is the list of machining operations and associated
tools that CAMWorks will generate when a feature is found that matches the feature

type and conditions.

2. Under Feature Type, click the down arrow and select Rectangular Pocket.

3. In the Feature Conditions section, scroll the list to the end using the scroll bar on the
right. The last record does not have an ID number. This is an empty record that you can

use to add your new attribute.

B Feature & Operations

Feature & Operations (inches)

0 Feature Type :
| [Rectangular Packet ]
Feature Conditions
10 Sub-Type Attribute Base Attribute

| [Through 7| [reftover | |mone R

| |T|‘|r|:|ugh j |R|:|ugh Finish j |NDne j
4 | |B|inl:| j m j |NDne j
Coarse
P | Fire
Rough Finish
Operations for Matching Conditiq - .o pad
0 Operatic) TAper Tool Selection Sun

| | Leftover
Drill Enkry

Errar

4. In the empty record, click the down arrow next to the Coarse attribute and select the

Example attribute.
This is the attribute you defined in the first part of this exercise.
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5. Leave the Base Attribute set to None.

The Base Attribute is a feature condition that is used to distinguish features with a fillet
between the bottom and the sides of the feature.

None indicates that there is no fillet. Bottom Radius indicates that there 1s a fillet.
Features with bottom radius fillets can be defined interactively using the Insert 2.5 Axis
Feature command.

6. Under the > Box Width column, enter a value of 1.
7. Under <= Box Width, enter a value of 10.

Reading across the record, you have defined a blind rectangular pocket, using the
Example attribute, no base attribute, with a feature size ranging from greater than 1" to
less than or equal to 10".

The last step is to define the operations you want generated when this pocket is found.
Notice that under Operations for Matching Conditions, the Operation field is grayed out.
Operations cannot be selected until this field is activated.

[, !0°% [Through | Rough Finish =] [Mone RAREL =1 0| 500
| I 1144 [Blind | [Example =] [Hore RAREL =1 | | 10
* [Blind | |coarse | [Mone | Jal = | 0| 1000
J]
DpE"atiuns for Matching Conditions
1D Cperation Taool Selection Surmmarsy Depkh Criteria Summaty

| | ;lﬁ |#Err|:|r EI # |#Error |

8. In the list of Feature Conditions, select the record above the new record for the Example
attribute, and then select the Example record again.

The Operation field is now active.
The Operations for Matching Conditions area has three fields:

— Operation selects the type of Operation, such as Rough Mill, Drilling, Reaming, etc.
— Tool Selection Summary allows you to pick the tool to be used.
— Depth Criteria Summary sets the depth of cut.

In this exercise, you define operations for roughing and contouring a pocket. You set up
two roughing operations, the first with a large tool and a second with a smaller tool
cutting only where the large tool could not. There are two contouring operations, the first
for cutting the bottom of the pocket and the second for cutting the side walls.

9. Click the down-arrow button under Operation and ~Operatigns for Matching Conditions
select Rough Mill. D: ——_ Operation

T~

Contour Mil

A new empty operation displays below the first
one.

10. Select Rough Mill for the second operation.
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11. Select Contour Mill for the third and fourth ID: Operation
operations. 4l [Rough Ml £l
When complete, four operations are listed as | [Rough Mil hl
shown here. | |Contour il | ]

| |Contour Mil | |

To the right of each operation is an edit button to
access all the machining parameters.

12. 21 Click the edit button next to the first Rough Mill operation.

13. Click the Roughing tab and make sure the Generate Leftover option is checked.
14. Under Depth Parameters, set the Bottom allowance to .05.

15. Under the Depth Parameters, set the First cut amt. and Max cut amt. to 1.

16. Click Close.

17. 21 Click the edit button for the second Rough Mill operation.

18. In the Operation Parameters — Rough Mill form:

Set the Pattern to Pocket In.

Under Leftover, set the Machine option to Previous Leftover.

Under Depth Parameters, set the Bottom Allowance to 0.05.

Under Depth Parameters, set the First cut amount and Max cut amt. to 0.5.

19. Click Close.
20. 2l Click the edit button for the first Contour Mill operation.

21. On the Contour tab in the Operation Parameters — Contour Mill form, set the Side
Parameters Allowance to 0.05.

22. Under the Depth Parameters, set the First cut amt. to 2.

23. Under Flat areas, select the Bottom finish option.

24. Set the Step Over % to 50.

25. Click Close.

26. 21 Click the edit button for the second Contour operation.

27. In the Operation Parameters — Contour Mill form on the Contour tab under Depth
Parameters, set the Ramp parameter to Angle and set the Angle to 3.

28. Check the Cleanup pass option, then click Close.

Select Tools for Each Operation
The next step is to select the tools for each operation.

click the edit button under Tool | 2680 Rough Ml |7 2] [Const: 0

1. For the first Rough Mill operation, D : Operation Tool Selection Summary
D
Selection Summary.
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The Tool Selection form displays.
Leave the Tool type set to Flat End Mill.

In the Tool Selection section, click the Use
constant radio button.

With this method, you are specifying only a
constant diameter, not a particular tool.
CAMWorks uses other criteria, such as the
material being cut, to choose the tool.

There are two other methods for choosing a
tool:

Use expression allows you to give a tool
diameter range. If you use a range, when an
Operation Plan is generated, CAMWorks
searches the Tools database for a tool diameter
that is within the specified upper and lower
diameter. If a tool cannot be found, the
CAMWorks Message Window will inform you
that a tool of the required size could not be
found.

With the Select tool option, you can click the
Select Tool button and choose a particular tool
from the tools database.

Set the Constant value to 1. This sets the basic
tool diameter to 1in. The exact tool chosen will
be determined by other factors, such as the
material being machined.

Click Close.

TechDB 5

H Tool Selection E |

ITc:--::-I Selection

Feature & Operation ZI 2690

Operation |Rl:|ugh il

Tool bype IFlat End ill - I

i~ Tool Selection

i Use Expression

Tool diameter lower expression

FEatre i,

Py Eanstant

|Length

JE | A || 0

Tool diameter upper expression

feEaturE i,

DEER,  EOnstant

|Length

[ = | 0

i+ |se constank

Constank

[ 1
" Select kool
el ID

I =1 | Select Ten| |

 Select Assembly tool
T I

I -1 | Select Ton| |

Tiaw] SUTrars,

Tica] SUTArErs,

More

Close |

Help

#| Edit the Tool Selection Summary for the second Rough Mill operation.

In the Tool Selection form, click the Use constant radio button and set the Constant value

to .25.
Click Close.

Contour Mill operation.

Click the Select Tool radio button, then click the

Select Tool button.

Taoal summary

I -1 Select Tool | |
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11.

12.

13.
14.
15.
16.
17.
18.
19.

20.

21.
22.

23.
24.

In the Tools Database - Mill form, scroll
down and select ID number 683, which is a

B Tools Database - Mill

Tools Database - Mill - Flat End Mill (inches)

% n, 4 ﬂute carbide end 1’1’1111 D OM  Tool ID Sub-type Dia%eliier rsgiills scll-;gulwk |.:||1ugb§1
R) (02) (L2)

[ WV [ij4Em#H  [RoughafFi-][  0.25 [ 0.25[ o625 |
[ W [j4Emzc  [Roughafi-][  0.25 | [ 0.25[ o625 |
[ WV [yj4emac  RoughafFi-][  o0.25 [ 0.25[ 062 |
[ WV [s/i5EmaH |[Rough &Fi_~ ][ 0.3125 | [o.3125[ 0,75 |

Click OK. % Select ool

The Tool ID and summary display in the Tool LEEllD) 106 STl =

SeleCtion fOIm Il,l'4 4 FLUTE CRE EM

Close the Tool Selection form.

#| Edit the Tool Selection Summary for the second Contour Mill operation.

Click the Select Tool radio button.

Click the Select Tool button.

In the Tools Database Mill form, select ID number 683 again and click OK.

Close the Tool Selection form.

. . . . Depth Criteria 5

2| Click the edit button under Depth Criteria Summary for [Const: Ep — urﬂ,ﬂ

the first Rough Mill operation.

In the Depth Evaluation form, select Use

Expression.

IDepth Evaluation
Feature & Operation ID I 2690

COperation |R0ugh il

Note that the default expression is Feature Depth
+ zero (0). This tells CAMWorks to machine to
the bottom of the feature.

Tl Bype
Close the form. [FetEndrm <]
Repeat these steps for the remaining three - thachiring Depth

operations.

£ Use expression

When you are finished, the Operations for
Matching Conditions section of the Feature &
Operations form should look like the figure
below.

Machining depth expression

Feature Dim.
|Feat Depth

Oper,  Constant

&l = 0

Operations for Matching Conditions

ID: Operation Toal Selection Summary Depth Criteria Summary
| |R|:uugh Mill jﬁ |Cunst: 1 ﬂ |£|[Feature Depth + 0)
| |R|:uugh Mill jﬁ |Cunst: 0.25 ﬂ |ﬂ[Feature Depth +0)
| [contour Mil 12 [1/44FLUTE CRB EM #| [#](Feature Depth +0)
| [contour Mil ] 21| [1/44FLUTE CREEM #| [@](Feature Depth +0)

Click Close to exit the Feature & Operations form.
Click Exit to close the TechDB and return to CAMWorks.
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Applying the Attribute in CAMWorks
1. Click the CAMWorks Feature Tree

tab.
2. J Click the Extract Machinable Features

button on the CAMWorks toolbar.

Automatic Feature Recognition finds a

rectangular pocket group feature.
3. nght click Rectangu]ar Rectangular Pncket Parameters - Pattern of 2 Features

Pocket Groupl in the tree and el 05 5T ~ Preview

select Parameters on the _ _

shortcut menu el 2 A——

Depth [D]: 2k ¥
4. In the Rectangular Pocket i + ' W
A . amfer[C]: Oin
Parameters dialog box, click : P
. Jix : R —

the down arrow to the right of SR .

the Attribute selection box Aol B 1 V !

and select Example. T e % t

. ¥ Tapered inward
5. Click OK. elards - 0
Attribute : |Fough Firish =l
Start position 51— Ezﬁ::ﬂad
{ ®: -lin Lriill Entr Z: Oin
mF. T —
L::f'taava Hel
E ?nugh Finish &P |
aper

6. Click the Generate Operation Plan button on the CAMWorks toolbar.

The Operation tree lists the four operations. This is the machining sequence that you
defined in the TechDB for the Example attribute.

7. For each operation, right click on the operation and select Edit Definition on the shortcut
menu. In the Operation Parameters dialog box, notice that the parameters are set to the
values you specified in the TechDB, then click OK.

Learning the TechDB 8-21



TechDB 5

8. M Click the Generate Toolpath button on the CAMWorks toolbar or right click the Mill
Part Setup in the tree and select Generate Toolpath.

9. Right click on the Mill Part Setup in the tree and select Simulate Toolpath.
The Simulate Toolpath toolbar displays.

10. LI Click the Run button to start the simulation.
11. Close the Simulate Toolpath toolbar when you are finished.
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TechDB 6
What You'll Learn

Understanding Threading Parameters

The thread portion of the TechDB is a departure from the method the database normally
uses. In all other cases, the definition of the tool, the feature, and the operations to machine
the feature are in different places in the TechDB. Threads are different in that all the
parameters are on the same form.

Defining Taps and Associated Operations

1.

Click the TechDB button on the CAMWorks toolbar.
Microsoft Access starts and the TechDB Main Menu displays.
For this exercise, you can use either Inches or Metric for the Units option.

The information in the database is stored in two sections: metric and inch. If your
SolidWorks part is metric, CAMWorks will access the metric information in the
database. If the part is inch, CAMWorks will access the inch information. When you
enter information in the TechDB, you need to specify which section of the database you
are editing.

In the TechDB navigation tree, expand Tooling, expand Threading, then click the Tap —
Cutting item.

The Tools Database — Tap form displays. The form is divided into two sections.

B Tools Database - Tap

Tapping - Cutting Taps (inches)

ID: 0  Thread Major  Tapdesig. Thread Shank Tapdril Ineff. COverall Protrusion Shoulder  Hand of Toal Comment Stock Material
M type  diameter pitch dia. dia. length length L) length cut material Group
o1 02) (L3) (L1) )]
| M Jonc [ 0.073 [164 [0.015 | 0.08 | 0.0595 | 0| 18875 [ 1.35] 2 Righthi - [|Hss -] [1-64uNC TAP [l -
| M e -J[ o.088 [2-56 [o.0178 | 007 | 0.07 | o 17 [ L4 2 [Righth ~JjHss =] [2-56 UnC TAP [l -
| M e -[ 0.098 [3-48 [0.0283 | 0.078 | 0.0785 | 0| 18125 [ 1.5 2 fighthi ~[|Hss -] [3-48UNC TAP [ -

The top section lists the taps and associated parameters. This section is similar to the
forms for other tool types. There are fields for the physical size aspects of the tap, as well
as fields for material, hand of cut, and comments.

The Operations for Tapped Holes section is a tabbed list of the Mill and Turn Tap
operations that will be generated for a threaded hole using the selected tap in the top
section of the form. Next to each operation is an edit button to customize the operation
parameters.
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4. Click the edit button to the right of the Center Drill operation.
Operations for Tapped Hole

bill Tap Operations | Turmn T ap Operations |

The Operation Parameters - Center [Eejious s He s eroy e

| ID: Cperakion L~~~ ourmrary of Tool Selection Surnmary of Depth Criteria
2 I G268 Im _ﬂﬁ'}ml selected Fd [Const: 0.1

T 52 [oriling 12 {Const: 0.0595 2| [Depth - 03

_| 1208 |C|:uuntersink ;IEITDEJ selected EI |C'5ink Dia: 0.1

[ 0 [Thread Ml =1 21| [Canst: 0.073 #|[(Depth - 0}

[ T [Thread Ml =1 2] [Const: o #|[oepth - o)

1l | =1 #l[Corst: 0 & [Canst; 0

shlslalsls

Drill form displays.

|Operation Parameters - Center Drill
Any changes to the parameters in |~ —
this form apply to operations
generated for the particular tapped || [F/| Centernil] NC | Advanced | Optimize |
hole size and do not affect
operations for other hole sizes.

Link to F/S library [~

— Spindle
5. Click Close to exit the Operation Spindle speed : 2000 rpm
Parameters form Spindle direction : [CW =]
— Feedrates
I feedrate : lilﬂinfmin

6. For the same Center Drill operation
click the edit button to the right of
the tool under Summary of Tool Selection.

> | 520 [Center Dril ;lﬁ [Tool selected

B Tool Selection

10 Cperation Summary of Tool Selection Q
2l

2

The Tool Selection form displays. Tool Selection

The Tool Selection form allows you to choose

i : T tion ID:
the particular tool to be used for this Center o SRErEEAn

Tap tool ID:

g5
113

Drill operation.

Cperation: |Center Crrill

The tool can be chosen using two methods:
Tool type

Use constant or Select Tool. Eener ol R

With Use Constant, you are not specifying a
particular tool, only a constant diameter.

Tool Selection

™ Use constant

CAMWorks uses other criteria, such as the ot [ 10
material being cut, to choose the tool. [ ooss
With the Select Tool option, you can click the
Select Tool button and choose a particular tool | 2 Tos!
Tool 1T Descripkion

from the database. [ 7 Select Tod |

7. Click Close to exit the Tool Selection form.
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10.

TechDB 6

For the same Center Drill operation, click the edit button to the right of Summary of
Depth Criteria.

(I Ciperation Surnmary af Tool Selection Surnmary of Depth Crikeria
| 524 |Center Dril ;lﬁlmul selected #|[Const: 0.1 @

Because this is a drilling operation, there are three SleniEs oy
depth setting sections in the form. The first is for IMachining Depth

blind/flat bottom holes, the second for through holes, Tap tool ID ¢ f28
and the third for blind/drill point holes. Taptool ID : 113

Operation ; |Center Corill

In each of the depth sections, there are three methods

for determining the depth the tool reaches. Ty
|Center Lrill =l

— Use constant specifies a constant Z depth for the

— Depth evaluation For blind holes —

tool to drill to.
— Use expression allows you to use a mathematical & Tise corbant
expression to determine the depth. For instance, Constant
you can specify a depth that is more or less than | 0.1
the depth of the feature. (™ Use gxpression
— Use countersink diameter allows you to specify the I::t;;f:m = I?F'E’“ = I“”“““ .
diameter of the countersunk hole as opposed to a
depth setting. In this case, CAMWorks would T
figure the depth necessary to obtain the desired %
diameter.

Click Close to exit the Machining Depth form.

Once all the operations and their respective parameters have been set, the tapped hole
settings are complete and you can click Close to exit the Tools Database — Tap form.
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TechDB 7
What You'll Learn

Defining and Using Custom Tools

CAMWorks allows you to create and display your own custom tools and tool holders. It is
important to be able to use the actual tool shape during simulation, so that you can see an
accurate representation of the tool cutting the part.

Create Tools in SolidWorks

CAMWorks provides a method for geometrically defining a special shaped mill tool that can
be used in 2 axis rough and contour milling and single point operations (drill, ream and
bore). A special shaped tool is any tool shape not defined by the current CAMWorks tool
types. For certain types of manufacturing, it is common to use special shaped tools for
numerous milling operations including roughing, finishing, drilling, etc. These special
shaped tools are routinely used in roughing and finishing wood-based products as well as for
complex holes for ports.

Creation of the shapes is done in SolidWorks by drawing a cross section of the shape and a
center line, and then creating a revolved solid. The sketch in the figure below shows the
geometry used to create the tool used in this exercise.

The geometry of the tool is defined from a SolidWorks sketch and must conform to the

following:
+ The sketch must be made from the ©.6250 —j=e—em
SolidWorks default plane, Planel. _ _

: : ]
« The geometry can contain only lines and arcs.

Splines are not supported.

« The center tip of the tool must start at the
SolidWorks origin point (0,0).

« The centerline of the tool must start at X=0 in 37000
the sketch. /’_ R.0500

« All geometry must be in positive XY space / i *

relative to the origin (i.e., the geometry must
be to the right and above the SolidWorks !
origin). 1 ~ ! i
« The axis of the tool must be vertical and pass | L
through SolidWorks 0,0. UeYee ! 3750

. The geometry must be closed and observe D.6250 - l . — 2500
the rules required to make a SolidWorks ?1.0000 —p=+—r1—=-
solid of revolution.
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In the following exercise, you use the CW-Tooling utility to save a SolidWorks sketch as a
tool, add the tool to the Tool Library in the TechDB, then use the tool to cut a part.
Use CW-Tooling Utility to Save Sketch as a Tool

1. Open the part file MillTool_SideGroove.sldprt in \Tooling\MTools inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Tooling\MTools).

This tool was created by drawing a sketch that conforms to the rules on the
previous page and then creating a revolved solid.

Before using this tool in CAMWorks, you need to use the CW-Tooling utility
to save the sketch as a form tool. CAMWorks uses the file generated by CW-
Tooling, not a standard SolidWorks part document. However, if you save the

model as a SolidWorks document, you can modify the model easily, if I ¥
necessary.

2. Select CW 200x Utilities on the SolidWorks menu bar, then CW-Tooling and Create
Form Tool/Holder.

If CW 2000x is not displayed on the menu bar, select Add-Ins on the SolidWorks Tools
menu, check the CW 200x Utilities, then

click OK. CAMWorks Form Tools and Holders

3. Inthe CAMWorks Form Tools and Holders - create ToolHalder
dialog box, select Mill form tool and click

£+ Mill forrn koal
the Save button.

= Mill halder

4. Inthe Save As dialog box, open the
\Tooling\MTools folder inside the
CAMWorks folder.

This folder is provided as a default location
for custom tools; however, you can
organize tool and holder files in a folder
structure that best suits your requirements.
For example, you can save a tool file in the
same folder as the associated part file or
you can set up shared folders for tools and
holders.

5. Use MillTool_SideGroove for the file
name and click Save.

— Preview

The file can have the same name as the 5 20
SolidWorks document or a different name.
Mill form files are saved automatically with Cose | About_ | Help |

a .mt extension.

The program validates the geometry, saves the file and displays a 2D wire frame picture
of the tool or holder in the Preview area.

6. Click Close.
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Add the Tool to the TechDB Tools Library = Ul Main

—_

oD

5. Define the tool using the following information:

Field
ON

Tool ID
Designation

Cut diameter
Shank diameter

Flute length
Overall length
Protrusion

Tip offset
Hand of cut
No. of flutes

Tool Material
Comment

Tool name &
path

. Click the TechDB button on the CAMWorks toolbar.
Make sure the Units selection box is set to Inches.
Expand the Tooling item in the tree.

Value
Checked

User1
Side groove

1
0.625

1.25
3.7

Right
4

HSS
1" Mill Side
Groove

& Click to
locate file

oy Ml

00 Turn

ol Mil-Turn

ol EDM

Il Teoling

+|- Ul Point-te-Point Toolk

][] [

Expand Form Cutters, then click User Defined Tool. +1- 00 End Mills
The Tools Database — Mill User Defined Tool form displays.

+|- Ul Taper End Mills
=l 00 Form Cutters
+ Corner Round
« Dowe Tail
¥ Keyway
«  Lollipop

U Ve Defined Tool

Comments

When the option is checked, CAMWorks can select the tool when an
operation plan is generated.

This is a user-defined tool identification field.

The text entered in this field displays in the tool description section of
the operation name in the Operation tree.

When generating roughing and finishing toolpaths, CAMWorks bases
the toolpath offset calculation on this parameter.

Defines the diameter of the tool shank. In this release, this field is used
for reference only.

Length of the tool that can be used for cutting.
Overall length of the tool.

Defines the distance from the tip of the tool to the bottom of the holder.
This value is used to determine how much of the tool protrudes from the
mill holder during simulation.

Defines an offset for the Z program point.

Determines if your spindle will rotate CCW or CW. In the case of a right
hand tool, the spindle will rotate CW.

Number of flutes on the tool. Feed and Speed calculations are partially
based on the number of flutes.

The material is used for feed/speed calculations.
The comment is output in the posted G-code.

Defines the folder and name of the user-defined tool file. Use the
Browse button to locate the \Tooling\MTools folder and select the
MillTool_SideGroove.mt file.

6. When you are finished, click Close.

The information is saved automatically.
7. Click Exit to close the TechDB.
8. Close MillTool_SideGroove.sldprt. You are finished with this file.
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Use the Tool in CAMWorks
You are now ready to use the tool to cut a part.

1.

10.

1.

12.
13.

14.

15.
16.
17.

18.

Open part file MILL2AX 12.SLDPRT in the |\Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).
Click the CAMWorks Feature Tree tab.

You can use the default machine and stock.

El Click the Extract Machinable Features button on the CAMWorks toolbar.
Click Mill Part Setupl in the tree.

The features you are going to machine in this exercise cannot be machined from this
direction, so you can delete this setup and insert a new setup.

Right click Mill Part Setupl and select Delete.
Click Yes to confirm the deletion.

Right click Stock Manager and select Insert Mill
Part Setup on shortcut menu.

The Mill Part Setup dialog box displays.
Pick the top face of the part.

Make sure the Face option is not checked and
click OK.

Mill Part Setup? is listed in the tree.

Right click Mill Part Setup2 and select Insert 2.5
Axis Feature on the shortcut menu.

The 2.5 Axis Feature Wizard: Feature & Cross
Section Definition dialog box displays.

Select Open Profile for the Feature Type.

Pick the lower inside edge of the groove as
shown in the figure.

Rotate the part and pick the corresponding
edge on the other side.

Click the Next button.
Rotate the part back to the original view.

For the End Condition, pick the vertex on the
top of the part as shown in the figure.

The Type changes to Upto Vertex and the
Depth of the feature is 1".

Make sure the Edit feature profiles option is
checked and click Next.

Learning the TechDB §8-29



TechDB 7

19.

20.

21.

22.

23.
24.

25.

The 2.5 Axis Feature Wizard: Edit Feature Profiles dialog box displays. Notice that the
direction of cut that displays on the part for the Open Profile(1) feature is correct.

Click the down arrow in the Feature selection box and select Open Profile(2).
The direction of cut that displays on the part
for the Open Profile(2) feature is not correct.
Select the Flip direction of cut option.

The arrow should change to the opposite
direction as shown in the figure.

Click Finish, then click Close to exit the
Wizard.

The tree lists the two Open Profile Features.

Click the Generate Operation Plan button
on the CAMWorks toolbar.

Two Contour Mill operations are listed in the
Operation tree. Since you are using the same cutting conditions to machine the two
features, you can combine the features into one operation.

Click the plus signs next to the each Contour Mill operation to expand the items.
Drag Open Profile2 over Open Profilel and release the mouse button.

Contour Mill2 operation is deleted and the two features can be machined with the same
operation.

Click the minus sign next to Contour Mill1 to collapse the item.

Before you can use the form tool, you need to add it to the Tool Crib. If you add a tool to the
Tool Crib in the TechDB, the tool will be available to use in other parts. If a tool is used
occasionally or only for a specific part, you can add the tool to the Tool Crib in the Machine
dialog box or to the Tool Crib on the Tool Crib tab in the Operation Parameters dialog box
so that it is available only for the current part. In this exercise, you add the tool in the
Operation Parameters dialog box for the Contour Milll operation.

1.
2.
3.
4.

Right click Contour Milll in the tree and select Edit Definition on the shortcut menu.
Click the Tool Crib tab.

Click the Add button in the From library section.

In the Tool Select Filter dialog box, select User defined tool in the list and click OK.
The Tool Database — User Defined Tools form displays.

Select the Side Groove tool and click OK.

The tool is added to the Tool Crib.
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10.
11.

12.

13.

14.
15.
16.

17.

TechDB 7

Scroll down the list and Mill Toal | Mil Holder | Tool Crib

select the User defined tool. _

Click the <- Select button. Tools

. Usage| 5tn. No. Tool T Dia. Rad. |T

Click Yes to replace the N oe| 3=_| Te— £ |D — |D - T

corresponding holder. 3 Hog Nose i 035n

CAMWorks provides a ig EZ::Z; EZE:S g::;;&in gf;:&in

default holder for any tool 39 | Countersink 0.5in ]
y 40 | Countergink 0.625in S

that dOCSélﬁt il(ilVe an From library 41 | Countersink 0.25in ]

associate older. You can 42 | Flat End Tapered 0.1875in | Oin

. Replace... P [T ——
associate holders to tools [Fee | rarerrr——r—r—

individually when you add a
tool to the Tool Crib in the TechDB or using the Default Tools form in the TechDB.

Click the Mill User Defined Tool tab.

The Side Groove tool information is listed and a wire frame picture of the tool displays in
the Preview area.

Click the Contour tab.
In the Depth Parameters section, set the First cut amt to lin.
Since the feature depth is 1.00in, this setting cuts the feature to depth in one pass.

In the Side Parameters section, click the Settings button, set the Cut amt to 0.0625 and
the Prev. allowance to 0.1875in and click OK.

These two parameters determine the number of side passes. These values will generate
three side passes.

Click the Feature Options tab.

Notice that the Feature list currently shows Open Profilel. When machining multiple
features with the same operation, most of the cutting conditions are the same and the
settings in the Operation Parameters dialog box apply automatically to all features. To
allow greater flexibility in machining individual features, cutting conditions that are
feature-based are not applied automatically to all features. For some feature-based
parameters, an Apply to All button is provided to set the parameters the same. For others,
the parameters must be set for each feature.

Click the down arrow to the right of Open Profilel and select Open Profile2.
Click the Contour tab and notice that your change is retained for the depth cut amount.
Click the Settings button.

The change for the side cut amount is retained; however, the Prev. allowance value is the
original default. This parameter must be set for each feature.

Change the Prev. allowance to .1875in and click OK.
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18.

19.

20.

21.
22.

23.

24.

25.

26.

Click the Leadin tab.

You need to define a leadin and leadout in order to avoid gouging the part.
Select a Parallel leadin with a Leadin amount of 0.51n.

Use the same for the Leadout.

Click the Apply to All button to apply these settings to both features.
Click OK to close the dialog box.

M Click the Generate Toolpath button on the CAMWorks toolbar.

The toolpaths are generated on both
sides of the part.

Highlight the operation in the tree to
view the toolpaths.

ﬂ Click the Simulate Toolpath button
on the CAMWorks toolbar.

ﬂl Click the Single Step button
several times to step through the
simulation.

Note that Turbo mode does not support
user-defined tools.
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What You'll Learn

Creating and Using User-defined Mill Tool Holders

CAMWorks includes the capability to define mill tool holders and create a Holder library in
the TechDB. The Holder library is a database of all holders available within a machining
facility. When a holder is mated to a mill tool, the holder can be displayed during simulation.
Displaying mill tool holders in simulation provides valuable feedback to determine whether a
collision will occur during machining.

CAMWorks supports two types of mill holders. The first type,
called Basic, has the shape of a larger diameter cylinder on top of a
smaller diameter cylinder. The Basic holders are defined directly in
the Holder library by specifying the Top diameter (D1), Bottom
diameter (D2), Overall length (L1), and Bottom length (L2) as
shown in the figure on the right. For many applications, the Basic
mill holder shape may be adequate. However, in cases where
additional detail in the holder is desired, a User defined holder can
be used. The shape of the user defined holder is based on a
SolidWorks part model. The exercise below describes how to «<—1—D>
create a user defined holder, add it to the Holder library and use it ~ Basic Holder Parameters
in CAMWorks.

Create Holder in SolidWorks

The method for geometrically defining a mill
holder is the same as for a user-defined tool. SO0
Creation of the shape is done in SolidWorks
by drawing a cross section of the shape and a
center line, and then creating a revolved solid ) —%.5000
as explained on page 8-26. The sketch inthe 127 30
figure shows the geometry used to create the 55 5000 13
holder used in this exercise. 49 8500 :

/ o T —7.5000

32
, #
3.00°7
e [E

User-defined Holder Sketch
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Use CW-Tooling Utility to Save Sketch as a Holder

1. Open the part file MillHolder CAT45-VFlange.sldprt in the Tooling\MHolders folder
inside the CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Tooling\MHolders).

Before using this holder in CAMWorks, you need to use the CW-Tooling utility to save
the sketch as a holder. CAMWorks uses the file generated by CW-Tooling, not a standard
SolidWorks part document. However, if you save the model as a SolidWorks document,
you can modify the model easily, if necessary.

2. Select CW 200x Utilities on the SolidWorks menu bar and then select CW-Tooling and

Create Form Tool/Holder.
If CW 2000x Utilities is not displayed on the menu bar, select Add-Ins on the
SolidWorks Tools menu, check CW 200x ey e

Utilities, then click OK. .

3. In the CAMWorks Form Tools and Holders ‘o [V o ]
dialog box, select Mill holder and click the
Save button.

Save .

% il halder

The Save As dialog box displays.

4. Open the \Tooling\MHolders folder inside
the CAMWorks folder.

This folder is provided as a default location
for holders; however, you can organize tool
and holder files in a folder structure that
best suits your requirements.

5. Use MillHolder _CAT45-VFlange for the
file name and click Save.

— Preview

The file can have the same name as the

SolidWorks document or a different name.
Mill holder files are saved automatically | 1| 20
with a .mh extension.

The program validates the geometry, saves Cose | About_ | Help
the file and displays a 2D wire frame
picture of the holder in the Preview area.

6. Click Close.
Add the Holder to the TechDB and Associate the Holder With a Tool

1. Click the TechDB button on the CAMWorks toolbar.
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2. Make sure the Units selection box below the navigation tree = * "= &
is set to Metric. 41U Turn
When you enter information in the TechDB, you need to i
specify which section of the database you are editing. ~- U Tooling
+- Ul Pgint-to-Point Tooks
Expand the Tooling item in the navigation tree, then expand + U0 End Mils
Mill Tooling. i E:gz::;““
Expand Holder Utilities and click Holders. ii-1h Tl
- ill Tecling
The Mill Holder Library (Metric) form displays. =I- Ul Holder Utiftes

¥  Holder Type
¥  Holder Specification
«  Tool Assemblies
¥ Tool Crib
¥  Default Took
+- 00 Turn Tecling
4 U0 Mil-Turn Tocling
+  Stock/Tool Material Mapping
+- U Feeds/Speeds
+-- 00 Maintenance
M Tnternst links

£ *

b

Units : Appln default :

| Metric ] [ mil |

Define the holder using the following information:

Field Value Comments

Holder number Holder1 User defined alphanumeric string.

Holder shape User Defined Specifies whether the holder shape is defined from parameter
values or user-defined geometry:

Basic — The shape is defined parametrically from: Top
diameter, Bottom diameter, Overall length, and Bottom length.

User Defined — The shape is defined from user defined

geometry.
Holder type Flange Adapter This list is determined by the types on the Holder Types form.
Holder CAT 45V This list is determined by the specifications on the Holder
specification Specification form.
User defined [ Click to Defines the folder and name of the user-defined holder file.
name & path  locate file Use the Browse button to locate the \Tooling\MHolders folder
and select the MillHolder_CAT45-VFlange.mh file.
Comment CAT 45V User supplied comment.

6. When you are finished, click Close. The information is saved automatically.
CAMWorks provides two methods of assigning holders to tools:

In the less formal approach, a holder is mated to a tool on the Tool crib form. When
creating the tool crib, do not select the Define using Tool Assemblies option. In this
approach, tool management is focused more on the tool itself.

In environments where a more formal strategy of managing both tool and holder
assemblies is required, each tool and holder combination can be mated permanently using
the Tool Assemblies form.
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The Mill Tool tab in the Operation Parameters dialog box has a Holder page that allows you
to change the holder for an individual operation, if necessary.

In this exercise, you use the Mill Tool Crib form to associate the holder to a tool.
7. Click the Tool Crib item under Tooling in the TechDB navigation tree.
The Tool Crib (Metric) form displays.

& Tool Ciib =l
ITc:-oI Crib (metric)
18] Tool crib name Tatal
stations
I3l & [Tool Crib 1 {metric) [ 4
Tools
] Str. ma. Tool kype Toal I kKey parameters Holder I =
(E [Flat End mil =] 40 3¢ [cutting Dia: 10 | 4
[ iz [Flat End il =] ] 42 3% [cutting Dia.: 12 I Q o

8. Scroll down the list and select Stn. no. 12.

9. Click the edit button next to the Holder ID.

10. In the Mill Holder Library form, select Holder1 and click Close.

11. Click Exit to close the TechDB.

12. Close MillHolder CAT45-VFlange.sldprt. You are finished with this file.

Use the Holder in CAMWorks

1. Open part file MILL2AX 13.SLDPRT in the |\Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

2. Click the CAMWorks Feature Tree tab.

w

& Click the Options button on the CAMWorks toolbar.

4. On the Mill Features tab, make sure the Boss and Face options are not checked, then click
OK.

5. You can use the default machine and stock.

6. @ Click the Extract Machinable Features button on the CAMWorks toolbar.

AFR finds an Open Pocket and a Rectangular Pocket.
7. Right click Rectangular Pocketl in the tree and select Parameters on the shortcut menu.
8. In the Parameters dialog box, select Coarse for the Attribute, then click OK.

This attribute has been set up in the TechDB to generate a Rough Mill operation for a
Rectangular Pocket feature.

9. Click the Generate Operation Plan button on the CAMWorks toolbar.
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10.

1.
12.

14.

15.
16.

17.
18.

19.
20.

21

22.

. Click the Mill Holder tab.
The information for Holder1 displays.
Click the Mill Tool tab and change the Protrusion to
65mm.
This parameter defines the distance from the tip of the
tool to the bottom of the holder.
Click OK to close the dialog box.
Right click Rough Mill2 in the tree and select Generate

23.
24.

25.

26.

TechDB 8

Y| Click the Generate Toolpath button on the CAMWorks toolbar.
The toolpaths are generated for the three operations.

E Click the Simulate Toolpath button on the CAMWorks toolbar.

Click the Cancel button to exit the simulation. I
Right click Rough Mill2 in the Operation tree and select

Edit Definition on the shortcut menu.

Click the Tool Crib tab.

Scroll down the tool list and select the tool in Stn. No. 12.

You associated the user-defined holder to this tool in the

TechDB.

Click the <- Select button.

Click Yes to replace the corresponding holder.

On the Simulate Toolpath toolbar, make sure the Stock,
Tool and Holder options are set to Shaded Display.

Click the Show Holder Collision button to turn it on.

LI Click the Run button.
Notice that the tool holder gouges the boss.

Toolpath on the shortcut menu.

You need to regenerate the toolpath because you selected
a different diameter tool.

E Click the Simulate Toolpath button on the
CAMWorks toolbar.

21 Click the Run button.

This holder does not gouge the boss.
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CAMWorks supports keyway and dovetail cutting tools. In this exercise, you create a user-
defined T-slot attribute in the TechDB using a keyway cutter and apply it to a machinable
feature.

What You'll Learn

Defining a keyway cutter in the Technology Database

Creating a user-defined T-slot attribute in the Technology Database
Inserting a 2 Axis Feature and applying the TechDB T-slot attribute
Generating Operations and Toolpaths

Open the part file MILL2AX 8.SLDPRT in the |\Examples\Mill folder inside the
CAMWorks folder (e.g., \Program Files\CAMWorksxxxx\Examples\Mill).

Click the CAMWorks Feature Tree tab.

X Use Example Mill—in in the Feature tree.

J Click the Extract Machinable Features button on the CAMWorks toolbar or right
click NC Manager and select Extract Machinable Features.

Defining an Attribute in the Technology Database

1.

First, you need to define the keyway cutter in the TechDB. = Ul Main
' +-- 00 Ml
Click the TechDB button on the CAMWorks toolbar or £ U0 Turn
select Technology Database on the CAMWorks menu. - U Mill-Turn
—|- 00 Teoclng

Microsoft Access starts and the TechDB Main Menu displays. T e T T

+
Make sure the Units selection box is set to Inches. TR
+- U0 Taper End Mills

Expand the Tooling item in the navigation tree, then expand WU Form Cutters

Form Cutters. « Carner Round

« Dawe Tail
Click Keyway. - -
On the Tools Database — Keyway (inches) form, go to the last A ElT

" User Defined Tool

record (0 in the ID field) and use the following information
and define the tool:

— Tool ID=1010 Diameter = 1.75

— Shank =.75 Bottom radius = .05

— Top radius = .05 Flute length = .5

— Opverall length =3 Protrusion = 2

— Hand of cut = Right hand No of flutes = 8

— Tool class = carbide Comment = 1.75" Keyway
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6. After verifying the tool is defined on the form, click
Close.

Next, you create a user-defined attribute to apply a
machining process in the TechDB.

7. Expand Mill in the navigation tree and expand Features
and Operations

8. Click User Defined Attributes.
The Feature & Attributes form displays.
9. For the Feature, select Open Profile on

TechDB 9

=00 Main
=] oo il
¢ Machine
=l U0 Feature & Operations
#  Features & Cperations

Multi-stepped Hale
Thread il
Map Mill Featureas
Sort Operations

Uszer Dafined Attributes

Default Operation Pararnate

L A

Default Setup Pararneters

the drop down list. B Feature & Attributes

10. In the User Defined Attributes section,
click in the empty cell below Taper

Feature & Attributes

Feature

and type T-slot.
11. Click Close.

[ |Dpen Profile / Wrapped Open Profile = |

User Defined Attributes

ID: Attribute ID Attribute Default
|Taper [
|T—slot [

12. Click Features & Operations under Feature & Operations in the tree.

The Feature & Operations form displays. e R

ID: Sub-Type Attribute

13. For the Feature Type, select Open Profile on the drop

down list. | find =1 Fre =
14. In the Feature Conditions section, scroll down to the | [Blind | [Taper ]

last record, which is identified with an asterisk (*), 4l [Bind | [ [~

and click the asterisk. ﬁ" [Bind v | |coarse

Taper

15. In the Attribute column, click the down arrow and Operations for Matching Conditidge

select T-slot from the list.
16. Click in the Feature Depth <= cell and type 1.

Now, you can specify the tool to use and the feature conditions to apply to this attribute.

17. In the Feature Conditions section, click the record above the T-slot record you just
entered, then click the T-slot record to activate the Operations for Match Conditions

section.
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18. In the Operations for Matching Conditions section, click the first record.

19. In the Operation column, click the down arrow and select Contour Mill.

¥l CAMWorks 2007 Technology Database

File Edit Wiew Insert Format Records Tools Window Help
B SAV & B e 813 CHET M K Bl B
D : Feature Type :
|Dpen Profile { Wrapped Open Profile j
Feature Conditions
ID: Sub-Type Attribute Basze Attribute Stock Material ~— Feature Depth  Feature Depth
Group * o=
| [Biind _~| |Fine | |more ] ]| oot 500
| [Biind _=| [Taper | [None ] Ja =] oot 500
4l [Blind = [Tsiot =] [None =] [u =1 0| 1
*|| [Blind +| [coarse | INone < a0 -1 o 1000
1
Operations for Matching Conditions
Operation Tool Selection Summary Depth Criteria Summafy
jﬁ |#Error y ﬂConst: 0
jﬁ |#Error ; ﬂ#Error

20
The Tool Selection form displays.

21. Select Keyway for the Tool Type.

22. Click the Select tool option and click the Select
Tool button.
The Tools Database — Keyway form displays.

23. Select the 1.75" keyway tool defined earlier in this
exercise.

24. Click OK.
The tool information displays on the Tool Select
form.
Click Close.

. Click the Pencil button next to the Tool Selection Summary cell.

B Tool Selection
Tool Selection

Feature & Operation ID
Operation
Tool type : ’m
Tool Selection

" Use expression

Tool diameter lower expression

| 2 | e ||

Tool diameter upper expression

| =+ =1}

" Use constant

Tool summary

1.75" Keyyway
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25. Click the Pencil button next to the cell in the Depth Criteria Summary column.

i CAMWorks 2007 Technology Database

File Edit Wew Insert Format FRecords Tools Window Help
B SRV & B 2 LY EY A Be- B
ID = Feature Type :
|open Profile [ Wrapped Open Profile ]
Feature Conditions
ID: Sub-Type Attribute Base Attribute Stock Material ~ Feature Depth Feature Depth
Group = =
| [Blind | |Fine | [more ] Jan 1] .o 500
| [Blind | [raper | [more ] Jan =1 .o 500
4l [Blind ] [Tt = [None =] [ai =1 0| 1
*|| [Elind + | [coarse =] [Mone =1 [an “1 o[ 1000
]

Operations for Matching Conditions

Operation

Tool Selection Summary

Depth Criteria Summary

12| [1.75 Keyyway

jﬁ |#Erru::-r

| #lcopst: 0
AN rror

TechDB 9

26. In the Depth Evaluation form, click the Use expression option and use the defaults in the
Matching depth expression section.

27. Click Close.

The Feature & Operations form should look like the figure below.
28. Click Close.
29. On the main menu, click Exit to close the TechDB.

&8 Feature & Operations

Feature & Operations (inches)

ID: Feature Type :
| |Open Profile / Wrapped Cpen Profile ]
Feature Conditions
ID: Sub-Type Attribute Base Attribute Stock Material ~ Feature Depth  Feature Depth
Group = =
| [Biind | [Fine | |none | Jan =] oot 500
| |Blind | [raper =] [None ] ]| .01 500
dl [Blind ] [Tslot =] [None ] [ui =1 0 1
*ll [Blind = [coarse =] [None < an [ ] o 1000
1

Operations for Matching Conditions

ID:

Operation

Tool Selection Summary

Depth Criteria Summary

|Contour Mill

jﬁ |1.?5' Keyyway

ﬂ [#](Feature Depth +0)

l

12| [#Error

#| [P]sError
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Inserting a 2 Axis Feature and Applying the T-slot Attribute

Define two machinable features and apply the new TechDB information to one of the
features.

1.

10.
11.

12.

13.

Close MILL2AX_8.SLDPRT and reopen it to make sure your changes to the TechDB
will be used.

Click the CAMWorks Feature Tree tab.

Right click NC Manager in the tree and select Collapse items.

This makes it easier to work with the items in the tree.

Click the plus (+) symbol next to Mill Part Setup3 to expand it.

Right click Mill Part Setup3 and select Insert 2.5 Axis Feature.

The 2.5 Axis Feature Wizard: Feature & Cross Section Definition dialog box displays.
Select Open Profile for the Feature Type.

Rotate the part and pick the edge shown in the figure.

You may find it easier to pick edges and faces if you the
change the part display from solid to Hidden lines
removed.

Click Next.

The 2.5 Axis Wizard: End Conditions dialog box
displays.

Pick the face shown in the figure.

Upto Face displays as the End Condition Type
and the depth is calculated automatically.

Make sure the Edit feature profiles option is checked.
Click Next.

Notice that the direction of the arrow that displays on the *
part indicates the incorrect side to cut.

In the 2.5 Axis Feature Wizard: Edit Feature Profiles dialog
box, select the Flip direction to cut option. /% /
The arrow direction changes as shown in the figure. 7

Click Finish.

The 2.5 Axis Feature Wizard: Feature & Cross Section
Definition dialog box displays again.
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Define the open profile for the keyway cutter. C//

14.

15.
16.
17.

18.

19.

20.

21.

Type.
Pick the bottom inside edge of the t-slot.

Click Next.
For the Attribute, select T-slot.

Make sure Open Profile is selected for the listed for the Feature;y

For the End Condition, rotate the part and pick
the underside of the keyway.

Upto Face displays as the End Condition Type
and the depth is calculated automatically.

Remove the check mark from the Edit feature
profiles option and click Finish.

Click Close to exit the wizard.

The two Open Profile Features are listed in the
tree.

Hold down the left mouse button and drag Open Profilel over Open Profile2.

This is the order you would want to machine this area. Note that you can also change the
machining order in the CAMWorks Operation tree after operations have been generated.

Generating Operations and Toolpaths

1.

N o o M 0N

Right click Mill Part Setup3 and select Generate the Operation Plan.

Two Contour Mill operations have been generated for the Open Profile features.

Right click the first Contour Mill operation in the tree and select Edit Definition.

On the Leadin tab, select Parallel for the Leadin type.

Set the Leadin amount to 1in and the Leadin overlap to 0.1in, then click OK.

Right click the second Contour Mill operation and select Edit Definition.

Make the same changes on the Leadin tab, then click OK.

On the Contour tab, set the First cut amount and Max cut amount to 1in, then click OK.

This value is greater than the depth of the profile and will generate only one pass with the
keyway cutter.

Right click Mill Part Setup3 and select Generate Toolpath.
Right click Mill Part Setup3 and select Simulate Toolpath.
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10. Set the End condition to Next Operation.

11. =1 Click the Run button.

12. 22| When the first operation has completed, click the Single Step button to see the

keyway tool cut the T-slot.
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3-25,4-16
machine over 3-22
bar stock, defining Stock 5-7

Cc
CAMWorks
assembly mode 7-1
demonstration mode 1-36
machining trees 1-4, 5-4
menu 1-5,5-4
Message Window 1-10, 1-36, 5-9, 5-28
toolbar 1-5, 5-5
CAMWorks Form Tools and Holders dialog box
8-27, 8-34
casting, defining stock 5-30
casting, simulating in Assembly mode 7-19
centerline (turn)
changing direction 5-44
defining 5-51
chuck
defining 5-41
double-chucking 5-44, 5-48, 6-6
locating symbols 5-41, 6-6
clamps
avoiding in Part mode 2-11
identifying in Assembly mode 7-9, 7-13
Clearance plane 2-25, 7-24
Combine Operations command 2-19
Constant Stepover operation
2D stepover 3-22, 3-32
3D stepover 3-22,3-32,4-16



Index

contain areas
automatic method for 3 Axis operations 3-9, 4-5,
4-10, 4-19
inserting for 3 Axis operations 3-9, 3-14, 3-19,
3-25,3-29,4-13, 4-16
offset 3-22
Copy Features command 5-56
Copy Machine command 7-16
Curve Project operation 4-12
Curve Wizard-Select Geometry dialog box 3-9, 3-16,
3-23, 3-26, 3-27, 3-30, 4-17
cutting multiple start threads 5-53
CW-Tooling utility 8-27, 8-34
D
deep groove cycle option 6-5
Default Operation Parameters form (TechDB) 8-12
Default Setup Parameters form (TechDB) 8-11
Define Point dialog box 3-30, 3-31
Define Turn Section Plane command 5-50
delete operation (mill) 1-42
delete operation (turn) 5-32
demonstration mode 1-36
Depth Evaluation form (TechDB) 8-20, 8-41
double-chucking 5-44, 5-48

E

Edit Feature Group dialog box 1-34

Edit feature profiles option 1-33, 1-39

Edit Tool Parameters dialog box (mill) 1-20

Edit Turn Feature dialog box 5-45

Engrave feature, inserting 2-19, 4-12

Entry Hole (mill) 1-15

Entry/Retract tab
Ramping 3-8, 3-11, 3-13, 3-21, 4-10, 4-14
Retract method 3-5, 4-14

Extract Machinable Features command (mill) 1-9,
1-19, 2-2,7-5, 7-12

Extract Machinable Features command (turn) 5-9,
5-18, 5-26, 5-45, 6-3

F

FANTUTL 5-6, 5-20

FANTUTM 1-7,1-21, 3-2,7-3

Feature & Attributes form (TechDB) 8-13, 8-15, 8-39

Feature & Operations form (TechDB) 8-16, 8-39

Feature tree (mill) 1-10

Feature tree (turn) 5-3, 5-10

ii

file

NC program 1-17, 5-17

saving machining data 1-11, 5-11

setup sheet 1-16

STL 4-7
fixture coordinate system 7-3, 7-11, 7-15, 7-16, 7-21
fixtures, identifying in Assembly mode 7-9, 7-13
Flat Area operation 3-12, 4-6
forging, defining stock 5-30
form tools, defining & using 8-26

G

Generate Operation Plan command (mill) 1-13, 1-26,
7-7

Generate Operation Plan command (turn) 5-12, 5-23,
5-27, 5-40, 5-46, 6-4

Generate Toolpath command (mill) 1-14, 1-35, 3-6,
4-4,4-9,4-11, 4-15, 4-18, 7-9

Generate Toolpath command (turn) 5-14, 5-28

Generation 1 AFR method (turn) 5-50

Generation Operation Plan command (turn) 5-54

groove feature (turn), defining 5-36

Group feature 1-34

H
holder
associating to tool in tool crib 8-36
defining & using with mill tools 8-33
Hole Feature Definition dialog box 1-44
Hole Parameters dialog box 1-10

|

Insert 2.5 Axis Feature command 1-12, 2-9, 2-17

Insert 3 Axis Mill Operation command 3-10, 3-11,
3-12, 3-17, 3-23, 3-31, 3-32, 4-3, 4-9, 4-14, 4-17

Insert Avoid Area 2-11,2-24, 3-11, 3-22, 3-23, 3-25,
4-16

Insert Contain Area 3-9, 3-14, 3-19, 3-25, 3-29, 4-13,
4-16

Insert Group command 1-34

Insert Hole Operation command 1-43

Insert Hole Operation dialog box 1-43

Insert Mill Part Setup command 1-30, 2-14, 3-3, 3-8,
3-29,4-2,4-7,4-12, 4-16

Insert Multi Surface Feature command 3-3, 3-8, 3-15,
3-20, 3-25, 3-29, 4-2,4-7,4-12, 4-16

Insert Multi Surface Feature dialog box 3-3, 3-15, 3-
20, 3-25, 3-29, 4-2, 4-8, 4-13, 4-16

Insert Pattern command 2-28, 2-32



Insert Turn Feature command 5-11, 5-26, 5-31, 5-36,
5-54

K/L

keyway cutter
applying attribute to machinable feature 8-42
defining attribute in Technology Database 8-38

Leadin/Leadout, changing 2-15

locating symbols 5-41

M
Mach. deviation 3-5
machinable features (mill)
combining 1-34
creating Face feature 1-12
customizing AFR 1-23
defining automatically 1-9, 1-19, 2-2, 3-14
defining engrave feature interactively 2-19
defining interactively 1-12, 2-9, 2-17, 2-31
defining Multi Surface feature 3-3, 3-8, 3-15, 3-20,
3-25,3-29,4-2,4-7,4-12,4-16
deleting 1-29
features recognized automatically 1-9, 1-19, 1-22,
2-2
inserting Pattern feature 2-28, 2-32
reorganizing 1-31
suppressing 1-31
using attributes 1-10, 1-24, 1-25, 1-41, 8-21, 8-42
machinable features (turn)
copying features and operations 5-56
creating OD feature 5-11, 5-26
defining automatically 5-9, 5-18
defining groove feature 5-36
defining interactively 5-11, 5-26, 5-36
defining OD rectangular groove feature 5-31
defining thread feature 5-37, 5-53
deleting 5-53
editing 5-45, 6-3
extracting with Generation 1  5-50
features recognized automatically 5-9, 5-18, 5-20
renaming 5-39
reorganizing 5-27
suppressing 5-27
using attributes 5-10, 5-22, 5-37
Machine (mill) 1-4, 1-5, 1-19
adding in TechDB §8-2
copying 7-16
Machine (turn) 5-4, 5-5

Index

Machine dialog box
4th Axis tab 7-12, 7-21
5th Axis tab 7-22
Controller tab 1-7, 1-21, 3-2, 5-6, 5-20, 7-3
Machine tab 1-6, 1-19, 5-5
Parameters tab 1-21
Posting tab 1-7, 5-7, 5-20
Setup tab 7-3, 7-11, 7-15, 7-21
Tool Crib tab 1-6, 1-20, 5-6, 5-19
Machine Parameters form (TechDB) 8-3, 8-10
Machining Depth form (TechDB) 8-25
machining direction
changing 1-38, 5-46
defining 3-3, 4-2, 4-7, 4-12, 4-16, 5-33
machining island tops 2-4
machining with multiple machine tools 7-15
Manage Parts dialog box 7-4, 7-12, 7-22
Manage Stock dialog box 1-8, 1-38, 3-2, 3-7, 3-14,
4-2,4-7,4-12,4-16, 7-4, 7-12
Manage Stock dialog box (turn) 5-8, 5-30
Mill Holder Library form (TechDB) 8-35
Mill Part Setup 1-10
changing origin 1-44, 3-20, 3-30
defining machining direction 1-25, 2-5, 3-19
inserting 1-30, 2-13, 3-3, 3-8, 3-19, 3-29, 4-2, 4-7,
4-12, 4-16
setting default rapid, clearance planes (TechDB)
8-11
specifying Rapid and Clearance Plane 2-25
Mill Part Setup dialog box 1-30, 2-14, 3-3, 3-29, 4-2,
4-7,4-12, 4-16
Multi Surface feature, inserting for 3 Axis operations
3-3, 3-8, 3-15, 3-20, 3-25, 3-29, 4-2, 4-7, 4-12, 4-16
multi-plane machining 7-11
N
NC Planes, specifying for 2 axis operations 2-25,
7-24
NC program (mill)
file 1-17
generating 1-16, 1-36, 7-18
steps to generate in Assembly mode 7-2
steps to generate in Part mode 1-2
NC program (turn)
file 5-17
generating 5-16, 5-29
steps to generate 5-2

il



Index

NC program, changing default file extension 1-17, sorting 1-46, 2-3
5-16 specifying user-defined toolpath limits 3-11
o updating operation plan 1-26
OD feature, defining 5-11, 5-37, 5-54 using automatic contain areas 3-9, 4-5, 4-10, 4-19
OD Profile Parameters dialog box 5-10, 5-22, 5-54 operatiops (turn) o
OD rectangular groove feature, defining 5-31 changing machining order 5-15
open air edges changing operation parameters 5-13, 5-32
changing 1-33, 1-39 changing tools 5-33
specifying tool overlap on 2-23 deleting 5-13, 5-32
Operation Parameters dialog box (mill) 1-14, 2-12 generating operation plan  5-12, 5-23, 5-27, 5-40,
NC tab 2-25 5-46, 5-54, 6-4
Tool Crib tab 1-42, 3-4, 3-8, 3-11, 3-13, 3-30, 3-31, ~ generating toolpaths 5-14, 5-28
3-32, 4-8, 4-9, 4-14 inserting  5-55
Operation Parameters dialog box (turn) 5-13, 5-32 modifying :5‘13, 5-32, 6-4
previewing toolpath 5-54 post processing  5-16, 5-29
Thread tab 5-40, 5-54, 5-56 simulating toolpaths 5-15, 5-34, 5-43
Operation Setup Parameters dialog box suppressing  5-55
Chuck Definition tab 5-42, 5-48, 6-6 Options dialog box, General tab 1-11, 1-16, 5-11,
Chuck Location tab 5-42, 5-48, 6-6 5-15,5-29
Origin tab 5-33, 5-41, 6-6 Options dialog box, Mill Features tab 1-23, 1-29,
Operation tree (mill) 1-13 1-38
Operation tree (turn) 5-13 Options dialog box, Turn Features tab 5-50

operations (mill) origin (f}lﬂl)_
adding tool overlap on open air edges 2-23 changing in Assembly mode 7-8,7-13, 7-24
changing operation parameters 1-14, 1-42, 2-12, changing in Part mode 1-44, 2-5, 3-20, 3-30

2-15,2-19, 3-4 origin (turn)
changing tools 1-42, 3-4, 3-8, 3-11, 3-13, 3-30, changing 5-33, 5-44, 5-46, 5-51
3-31, 3-32, 4-8, 4-9, 4-14 changing for double-chucking 5-48, 6-6
combining 1-34, 2-6, 2-19 P
deleting 1-42 Part Manager 7-4,7-12,7-22
finishing flat areas 3-12, 4-6 Part Manager dialog box 7-6

generating operation plan 1-13, 1-26, 3-4, 7-7, 7-13  Part Setup Parameters dialog box 1-44, 2-5, 3-21
generating toolpaths 1-14, 1-35, 3-6, 4-4, 4-9, 4-11, NC Planes tab 2-25

4-15, 4-18, 7-9 parts used in 2 Axis mill exercises
inserting 2.5 Axis 2-10 mill2ax_1.sldprt 1-3
inserting 3 Axis 3-10, 3-11, 4-3, 4-9, 4-14, 4-17 mill2ax_15.sldprt 2-27
inserting avoid areas 2-11, 2-24, 3-11, 3-22, 3-23, mill2ax_16.sldprt 2-31

3-25,4-16 mill2ax_2.sldprt 1-19
inserting contain areas 3-9, 3-14, 3-19, 3-25, 3-29, mill2ax 3.sldprt 1-28

4-13,4-16 mill2ax_4.sldprt 1-37
inserting Hole operation 1-43 mill2ax_5.sldprt 2-2
post processing 1-16, 1-36, 7-18 mill2ax_6.sldprt 2-8
regenerating operation plan 1-26 mill2ax_7.sldprt 2-17
set up machining sequence in TechDB 8-15, 8-23, mill2ax_8.sldprt 2-23

8-38 millp1.sldprt 2-34
simulating toolpaths 1-15, 1-36, 3-6, 3-16, 3-18, millp2.sldprt 2-34

322, 4-4,4-9, 4-15, 7-24

v



parts used in 2-4 Axis turn exercises
turn2ax_1.sldprt 5-3, 5-25
turn2ax_3.sldprt 5-18
turn2ax_4.sldprt 5-30
turn2ax_5S.sldprt 5-35
turn2ax_6.sldprt 5-44
turn2ax_7.sldprt 5-50
turn2ax_8.sldprt 5-53
turndax_1.sldprt 6-2

parts used in 3 Axis mill exercises
mill3ax_1.sldprt 3-2
mill3ax_2.sldprt 3-7
mill3ax_3.sldprt 3-14
mill3ax_4.sldprt 3-19
mill3ax_5.sldprt 3-25
mill3ax_6.sldprt 3-29
mill3axii_1.sldprt 4-2
mill3axii_2.sldprt 4-7
mill3axii_3.sldprt 4-12
mill3axii_4.sldprt 4-16
mill3axii_S.sldprt 4-19

parts used in assembly mode exercises
mill2ax_ 14 As-Cast.sldprt 7-19
mill2ax_14 Machined.sldprt 7-19
millasm_1.sldasm 7-3
millasm_2.sldasm 7-11
millasm_3.sldasm 7-15

parts used in TechDB exercises
mill2ax_11.sldprt 8-15, 8-21
mill2ax_12.sldprt 8-29
mill2ax_13.sldprt 8-36
mill2ax_8.sldprt 8-38
millholder cat45-vflange.sldprt 8-34
milltool_sidegroove.sldprt 8-27

Pattern feature 2-28, 2-32

Pattern Project operation
Flowline pattern 3-25
Radial pattern 3-30
rest machining 4-9
Slice cross machining 3-5, 3-17
Slice pattern 3-5, 3-14, 3-23, 4-8
Spiral pattern 3-31

Pencil Mill operation 3-17, 3-24

Post Output File dialog box 1-17, 5-17

Post Process command 1-16, 1-36, 5-16, 5-29, 7-18

Post Process Output dialog box 1-18, 1-36, 5-17

Index

post process, changing default file extension 1-17,
5-16

post processor (mill), parameters 1-7

post processor (turn), parameters 5-7

program zero (mill), changing location 1-44, 2-5,
3-20, 3-30

program zero (turn), changing location 5-33, 5-51

protrusion, tool parameter 2-35

R
radial pattern toolpaths 3-30
Rapid plane 2-25, 7-24
Recycle Bin 1-4, 1-30, 5-4, 5-53
Report Database, customizing setup sheets 1-18, 5-17
rest machining
Area Clearance 4-3
From STL File 4-9
From WIP method 4-3
Pattern Project 4-9
Rest tab, 3 Axis operations 4-3, 4-9
Retract method
Full 4-14
Skim 3-5
Rough Mill operation, machining island tops 2-4
S
save machining data 1-11, 5-11
Save WIP Model command 4-9
Save/Restore part option 1-11, 5-11, 5-29
seed part, assembly mode 7-4
Set View command 3-10, 5-52, 5-55
Setup Parameters dialog box, Origin tab 7-13, 7-24
setup sheet 1-7, 1-18, 5-17
shortcut menus 1-5, 5-4
Simulate Toolpath command (mill) 1-15, 1-36, 3-6,
3-16, 3-18, 3-22, 4-4, 4-9, 4-15, 7-24
Simulate Toolpath command (turn) 5-15, 5-34, 5-43,
5-48, 5-55, 5-56, 6-7
Slice pattern toolpaths 3-5, 3-14, 3-23, 4-8
Sort Instances dialog box 7-6
Sort Operations command (mill) 1-46, 2-3
Sort Operations dialog box 1-46, 2-3
Sort Operations form (TechDB) 8-13
spindle centerline (turn)
changing direction 5-44
defining 5-51
Spiral pattern toolpaths 3-31
Step Thru Toolpath command 1-16
steps to generate NC program (turn) 5-2



Index

steps to generate NC program in Assembly mode 7-2
steps to generate NC program in Part mode (mill) 1-2
STL file

creating 4-9

using for rest machining 4-9

viewing stock model 4-10
Stock (mill) 1-4, 1-8, 1-28, 1-37, 2-8, 4-12

defining from bounding box 3-14, 4-2, 4-7, 4-12,

4-16

defining from extruded sketch 3-2, 3-7

defining from STL file 4-9
Stock (turn) 5-4

defining as forging or casting 5-30

defining bar stock 5-7

defining from sketch for double-chucking 5-45
Stock Manager 7-4, 7-12
Stock Material dialog box 5-8
Stock, assembly mode 7-4, 7-12

T
Technology Database

adding mill machines 8-2

attributes 8-13, 8-15, 8-38

custom tools 8-26

default operation parameters 8-12

default Setup parameters 8-11

default sort operations order 8-13

defining taps & associated operations §-23

mill tool holders 8-33

selecting tools for operations 8-18

setting up machining sequences 8-15, 8-23, 8-38

tool cribs  8-8

tools 8-5

Tools Database form (mill) 1-21
thread (turn)

changing operation parameters 5-40

cutting multiple start threads 5-53

generating operation 5-26, 5-37

selecting thread condition in TechDB 5-39
threading parameters (TechDB) §8-23
tool (mill)

adding custom tool to tool crib 8-30

adding to TechDB 8-5

defining & using custom tools 8-26, 8-33

protrusion 2-35

selecting for operation 1-42, 3-4, 3-8, 3-11, 3-13,

3-30, 3-31, 3-32, 4-8, 4-9, 4-14, 8-18
selecting tool crib 1-6, 1-20, 8-10

vi

setting up tool crib in TechDB 8-8
tool (turn)
adding tool to tool crib 5-20
selecting for turn operation 5-33
selecting tool crib 5-6, 5-19
Tool Crib form (TechDB) 8-9, 8-36
Tool Select Filter dialog box 3-4
Tool Select Filter dialog box (mill) 1-21
Tool Selection form (TechDB) 8-18, 8-24, 8-40
toolpaths (mill)
customizing leadin/leadout 2-15, 8-32
finishing flat areas 3-12, 4-6
generating 1-14, 1-35
inserting avoid areas 3-11, 3-22, 3-23, 3-25,4-16
inserting contain areas 3-9, 3-14, 3-19, 3-25, 3-29,
4-13,4-16
post processing 1-16, 1-36, 7-18
simulating 1-15, 1-36, 3-6, 3-16, 3-18, 3-22, 3-24,
4-4,4-9,4-15,7-24
specifying areas to avoid 2-11, 2-24
specifying user-defined limits 3-11
stepping through 1-16
using automatic contain areas 3-9, 4-5, 4-10, 4-19
toolpaths (turn)
generating 5-14, 5-28
post processing 5-16, 5-29
simulating 5-15, 5-34, 5-43, 5-49, 6-7
Tools Database - Keyway form (TechDB) 8-38
Tools Database — Mill User Defined tool form
(TechDB) 8-28
Tools Database — Tap form (TechDB) 8-23
turn feature, inserting 5-11, 5-26, 5-36
Turn Setup 5-9
defining chuck 5-41
defining machining direction 5-33
displaying locating symbols 5-41
W/X/YIlZ
workpiece See Stock (turn), See Stock (mill)
X Preset 5-7
Z Level operation 3-9, 3-10, 4-5
Z Preset 5-7
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