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Introduction

Introduction

About this course and manual
This course is intended to teach the user how to use CAMWorks to cteatd 5axis toolpaths for the
machining of parts created in SOLIDWORKS and CAMWorks Solids.

This manual is intended to be used in a classroom environment with an experienced CAMWorks
instructor. The instructor is expected to cover the lesson material as part of a live demonstration and
provide addition instruction and guidance during the lab exercises. It is not intended to bepacadf
tutorial.

Selfpaced tutorials are availabigith every installation of CAMWorks. They ar€iProgram
File§ CAMWorks2B 64 CAMWorks_VC14and EngliskManuald Multiaxis_Tutorial.pdflt is
generally recommended to review this material before attending the course.

Since it is hard to cover every minute detaidadnd 5axis machining in a short class time, this course
with examine the fundamental skills and concepts needed for the successful use of CAMWorks.

Thecase studies and Lab exercigeshiscourseare intended to show you how to use CAMWotksset
up your files fo3+2machining, wrapped, and MulAxisMill operations and may not correspond to
actual machining practices.

It is recommended to use this course material as a supplemental to and not agematto the
documentation and help files

Prerequisites
Student attending this course are expected to have the following:

1 CAMWorks 2.5 axis training (SOLIDWORKS CAM Standard Training)

1 CAMWorks 3 Axis Essentials

1 Experience wittfSurface Modelling inside &OLIDWORKS Design Software
1 Experience with.CNC Machining

Lab exercises
Lab exercises provide the opportunity to apply and practice the concepts covered in each lesson. They
are modest in scope to allow the user enough timeamplete in the allotted time

Course Length
Recommend -minimum course length is 3 days

Training files
A complete set of training files will be provided by the instructor.

The files are organized by lesson number. Thse Studfolder contains all the filethe instructor will
use during the lessons. The Exercises folder will contain any file that required for the lab exercises. In
each of these folders a Finished Parts folder contains the files in their completed state.
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Introduction

Technology Database for this course

This course was designed to be used with the default technology database that is ins ith a ne
installation of CAMWorks. If a different technology database is used, some of the r olp
might be different from the manual.

Your instructor an provide you with a default technology database if necessar




Lesson 1 Introduction to CAMWorks 4/5 Axis Programming

Lesson 1i Introduction to CAMWorks 4/5 Axis Programming
Upon successful completion of this lesson, you will:

1 Understand the benefits of 5 axis

Understand the types dd axismachinesand kinematics

Have a general understanding of Tilted Working Plane

Have a general understanding of Tool Point Control

Know the process for creating and post processing CAMWorks 4/5 axis tool paths

= =4 =4 =4
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Lesson 1 Introduction to CAMWorks 4/5 Axis Programming

Introduction to Course Material

CAMWorkaMulti Axis4 and 5 axis milling can refer to any milling operation or setup that uses more
than the 3 axes of X, Y, and Z. This course covers the following material asQoalki\dforkst and 5
axistraining:

1 3+2 machining; The part is machined
using simfe 2.5 and 3 axis operations
such as drilling, rough mill or contour mi
while the part or assembly will
periodically rotate in the % or 5" axis to
position the part to the machining
direction.

1 Wrapped Toolpathg; is a rough or finish
milling operation that is appliedto.a
wrapped feature. A Wrapped Feature.is
defined as a pocket, boss, slot, open
profile, or engrave feature whose
geometric shape lies on a constant radil
cylinder, where the center line of the
cylinder is the same as the axis of
rotation.

8| Page



Lesson 1 Introduction to CAMWorks 4/5 Axis Programming

1 3to5 axis conversioq CAMWorks 4/5
axis machining includes a parameter in
axis operations that allow the tool to tilt
when collision is detected between the
part and the tool holder

1 4/5-axis simultaneoug; this allow you to
create toolpath across complex shapes.
Theseaoolpaths will move all the
machine axes simultaneously

Benefits of 4/5 axis Machining
In addition to the X, Y and Z axes that are used on 3 axis milling machines, 5 axis machines use two
additional rotaryaxes. This provides some distinct advantages over 3 axis milling. Here some benefits to

using 5axis:

1 Complexshapeswith fewer setups ¢ 5 axis operations allow for the tqmth to cut in areas that
cannot be reached using 3 axis milling strategies.

1 Better Accuracyg because of there being less setups there is less chance for error so better
accuracy can be achieved.

1 Better Surface Finisk Tool orientation in relation to the machining surface can be optimized
for better cutting which results in better surface finish. Also, 5 axis operations allow for shorter
tool protrusion which reduces vibration and improves surface finish.
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Lesson 1 Introduction to CAMWorks 4/5 Axis Programming

1 Longer Toolife¢ Because of the ability to tilt the tool in relation to the machining surface, the
tool can be tilted to avoid collision with the holder. This allows for more rigid setup of the tool
by not have it protrude as much out of the holder. This allow fghér cutting speed without
putting as much pressure on the tool.

Types of Machines
It is important to understand the limitations and capabilities of the machine that is being programmed.
Multi-axis machines come in many varietiestthaed to be accounted for when programming.

The following is a list of the types of machines configuration that exist in the industry:

4 Axisq A rotary attachment can be mounted to
the table of a 3axis machine as thé"axis.

4 Axis Horizontat, A horizontal milling machine
will have a rotary table that the workpiece sits.c
either by itself or places on a tombstone fixture
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Lesson 1 Introduction to CAMWorks 4/5 Axis Programming

5 Axis Table/Table The 4" and 8" axes are
attached to the table where the workpiece is
mounted.

5 Axis Head/Table One of the axes is attached
to the table of the machine as thé"4xis, usually
a rotary axis, and the'5axis is attached to the
spindle.
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Lesson 1 Introduction to CAMWorks 4/5 Axis Programming

5 AxisHead/Headc Both the 4" and 5" axes are
attached to the spindle. This type of machine is
most common with 5 axis routers and gantry ty
machines.

Mill Turn¢ on a CNC lathe with live tooling it is
possible to program 4 and five axis toolpaths.
Typially, the spindle serves as th# dxis. Some
machines have the'5axis as part of a milling
head instead of a turret.

User Interface
CAMWorks User Interface is an extension to the SOLIDWORKS native Windows interface aslibbehav
much the same way. Here is a list of the important parts of the interface:
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Lesson 1 Introduction to CAMWorks 4/5 Axis Programming

SW FeatureManager Design Tree
CAMWorks Feature Tree

CAMWorks Operation Tree
\ CAQ"W“"S Tool Tree CAMWorks CommandManager Tab

P
s JoLpworks \ Edit\view \m Tools window A £ [ VM B-8-m-

| ("] & v 4. Bsearchcommanas QA - @ @ - B O X

f ept Boss\gase @ @ @ m Swept @ Eg @ Rib @ Wrap 'ﬁ] U "\:‘
Exdflided Revolved ruded Wole Revolved Fillet Linear . Reference Curves |Ins
Bof/Ease Bosy/pase &b LoTNd Boss/ENe cut oo cat O Lopf cut pattern (D) Draft () Intersect Geometry
@ BounRary Boss/Bese undary Cut = = @I Shell Hﬂ Mirror o - ~
Feffures | Sketch [ Surfaces | E\gluate | NOLIDWRRKS Add-Rs [ cCAMWorks 2022 | PG ABE - B-v- Q- T- OO0 _ 5 K Resources i
% o | s
CAMWorks NC Manager Menu Bar Pull-downs Sandvik
-f& Configurations G o A
Lo Mathe M- b CAMWorks Task Pane gromant s ™
Stock Manager(6051-T] PrimeTurning
X, Coordinate System [User Defined] in HCL
£ Mill Part Setup1
& Mutti Surface Feature [5 Axis] CAMWorks
) Recycle Bin Join us to learn how Sandvik
Coromant's PrimeTurning™ in HCL
CAMWorks can revolutionize your
turning operations.
CASE STUDIES
age W ¢
Default strategies scheme [| with ID [0] assigned to the machine i
Multi Surface Feature1 satisfies feature condition : 397 in TechDE
. \
Clear | [ Advanced messages Maxlines:[100 || ng CAMWorks Message Window
S Born-Custom Born
= 1 eemietric Custom Guitars, LLC
Model | Motion Study 1| v
SOLIDWORKS Premium 2021 SP4.1 Radius: 65mm___ Editing Part MMGS - &

;;?S SOLIDWORKS File Edit View Insert | Tools | Window " ﬁ D © B © ﬁ M % ey e

@ @ # Swept Boss/Base - EE @ Rib Wrap "igi U q
Extruded Revolved Ext| SOLIDWORKS Applications L4 Lingar L7 Reference Curves | Instant3D.
Boss/Base Boss/Base g 1ofted Boss/mase e pattern D) Draft (0 Intersect Geametry
» .
@) Boundary Boss/Base gpiesiodc Lot Lo o o s
. ‘ S ‘ Sur | o ‘ ol CAMWorks » | B) Extract Machinable Features @
eatures etcl urfaces | Evaluate "l . - . . .
i Generate Operation Plan P-0-v-&@- -0 (I
o i Asset Publisher..
@ B4 e 0y Generate Toclpath
[E) CAMWorks NC Manager ®
[ Configurations S Defesture.. =
_'!2 Machine [Mill - Metric] ‘E'Eg Export To AEC... [P%
[E) Stock Manager[6061-T6]
1, Coordinate Systern [User Defiglfd] E Select
£ Mill Part Setupl (J, Magnified Selection =
) Multi Surface Feature g5 Axis] N i=
S Lasso Selection New
[} Select over Geometry B Rebuild
CAMWorks Pull-down Menu | Il selectal Crleh
Import and Export...
B2 User Defined Tools And Holders |
— | (R User Defined Tool Blocks
Find/Modify Pl i@ Publish eDrawings
Design Checker 3
Technology Database...
&f Format Painter..
& Default Feature Strategies...
Sketch Entities »
Sketch Tools »
CAMWorks Active
Sketch Settings »
Options...
Blocks »| 8 Options
Spline Tools v| M6
[TTTITTE] Medel [ Motion Study T Dimensions 3
Customize Menu Editing Part MMGS - @
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Lesson 1 Introduction to CAMWorks 4/5 Axis Programming

G B B[ @ H AT

@ CAMWorks NC Manager

+LE@ Configurations |n-Context M nus
----- _I)_ Machine [Mill - Inch]

[ Stock Manager6061-T6]

----- L, Coordinate System [User Defined]

=2 Mill Part Setuél [Grouél‘

w1l Area Clearancel [T04 Edit Definition...
w-[8] Constant Stepoverl[| i,
----- &) RecycleBin .

Generate Toolpath
Simulate Toolpath...
Step Thru Toolpath...

E m @

Post Process...

Machine Simulation 3

SOLIDWORKS Feature Manager Design q @splays all the features of the part or assembly file in
SOLIDWORKS

CAMWorks Feature TreeDisplays the machinable features and setups of the part or assembly.
CAMWorks Operations TreeDisplays the machining operations of the part or assembly.
CAMWbrks Tool Tree Show the tool crib, or list of available tools in the part or assembly file.
CAMWorks CommandManager Tool baContains easy access to the CAMWorks commands.
CAMWorks Pull Down Meng Provides access to the CAMWorks commands

CAMWorks Mesage Window¢ Reports on what processes have occurred.

Process overview

With CAMWorks we can create 5 axis toolpaths through automated and interactive methods. Using the
knowledgebase that can be captured in the Technology dataliaskaths can be automatically

inserted basd on the features.

Here is the process we use to generate 5 axis toolpaths in CAMWorks:

Model the partor assemblyn SOLIDWORKS or CAMWorks Solids
Select the CAMWorks Feature Tree

Define Machine Controller Paneters
Definethe Part/Stock

Define Machinable Features

Generate Operation Plan

Adjust Operation Parameters and Required
Generate toolpath

. _Simulate toolpath

10. Post process

11. Transmit file to the CNC

© o N TN RE
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Lesson 1 Introduction to CAMWorks 4/5 Axis Programming

=

W

Model partfassembly
in SOLIDWORKS or
Import part

W

Define
Machinable
Features

Select CAMWorks
Feature Tree

W

N

Generate
operation plan

Define machine
controller
parameters

N

Adjust operation
parameters as
required

.

Simulate

Define Part/Stock

Generate toolpath

'

toolpaths

Are
toolpaths
qrrecgid

Post process

h

Transmit file to
CNC
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Lesson 1 Introduction to CAMWorks 4/5 Axis ProgramminGaseStudyq Overview of the process to generate Muftkis toolpath

Case Study o Overview of the process to generate Multi  -Axis toolpath
In this casestudy,we will go through the process of creating Muikis toolpath to generate NC code on

a SOLIDWORKS Part.

This case study will use an existing SOLIDWORKS Assemblyilil@régnamming on the single part

file is an acceptable way of programing, using an assembly file and programming in assembly mode can
provide some addition benefits. One of these benefits is thatamemodel in and simulate around the
fixtures that is 8ed to hold the workpiece to the table.

1. Open Assembly
a. Open the assembly fil@10101_01.SLDASMn theé \Lesson 01Case Studyfolder
2. Select the CAMWorks Tab
a. Click on the CAMWorks CommandManager tab and the CAMWorks Feature tree tab

55 SOLIDWORKS ~ File Edit View Insert Tools Window o abD-®- -8 - - - S -] 8 & v 0. Bsearcncommanas A - @ @ - B O X
3 :
0¥ I coordinate system -

Define
Machine

Assembly | Layout | Sketch | Markup | Evaluate [ SOLIDWORKS Add-ins || cAMWorks 2022 || PHLABE - B-v- Q-3

S E[R[o[S|ME|ET]
) CAMWorks NC Manager
) ﬁ Configurations
-, Machine[Mill - Metric]
‘ Part Manager
i Coordinate System [Not Defined]
&) Recycle Bin

&

™

FIsometric

[WT010] Model [ Motion Study 1 |
SOLIDWORKS Premium 2021 SP4.1 Fully Defined  Editing Assembly MMGS - [

CAMWorks Feature Tree

In the CAMWorks Feature manager tree there are the following icons:

@ CAMWorks MC Manager

% Configurations

1B, Machine[Mill - Metric]

@ Part Manager

"'Ji? Coordinate Systern [MNot Defined]
@) Recycle Bin
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Lesson 1 Introduction to CAMWorks 4/5 Axis ProgramminGaseStudyg Overview of the process to generate Medkis toolpath

Configuration Manager, We can define a separate data set inside a part file using a configuration. This
can be used in conjunction with SOLIDWORKS configurations or within a single SOLIDWORKS
configuration.

Machine¢ Defines which machine tool, tools épost processor will be used for the part or assembly
file.

1 Machine tabg Selects the type of machine from a list of predefined machines. These machines
can be customized and defined in the technology database

1 Tool crib tabg Allows for the selection c custom list of tools to be used on the part or
assembly

1 Post processor tah Allows for the selection of the post processor

1 Postingg Defines custom parameters for the part relative to the post processor

PartManagerc defines the pas to be machines. In assembhode,we mustdefine which parts we are
defining toolpath on.

Stock Manager, Once a part is defined in the part manager 8@ck manageallows us tadefine the
initial stock or workpiece the part @ssembly will be cut.out of

@ CAMWaorks MC Manager @ CAMWaorks NC Manager
+LEB Cenfigurations +L.Fa Configurations
5. Machine[Mill - Metric] —_EJ_ Machine[Mill - Metric]
_w. Part Manager -w. Part Manager
- = 0101015LDPRT [Default] 2§ 0101015LDPRT [Default]
: +ﬁ Feature Manager +ﬁ Feature Manager
: +¢ Instances +ﬂ |nstances
-igp Stock Manager[6061-16] | Stock Manager[6061-T6]
L %> Coordinate System [Mot Defined] 5----?iy_mmﬁiﬂe'j]
..... &) Recycle Bin -4 Recycle Bin

Coordinate system Used to define a coordinate system that can be used to define a Fixture Coordinate
System

Recycle Bin Stores deleted features. CAMWortlses notuse the CRTL+Z undommand to recovea
feature after it have beertdeleted. Instead, it stores deleted features in the recycle bin to be restored
later if needed.

3. Definethe machine
a. Double click on thélachine[Mill ¢ Metric] icon to open the Machine definition
dialogue

17| Page



Lesson 1 Introduction to CAMWorks 4/5 Axis ProgramminGaseStudyq Overview of the process to generate Muftkis toolpath

@ CAMWorks MNC Manager

ﬁ Configurations

o, Machine[Mill - Metric]

P m Part Manager

'iz Coordinate System [Mot Defined]
J Recycle Bin

b. Click on theviachine tab and under available machindsghlightMill. 5 axis i Metric
and click on thé&electbutton

Machine

Available machines

EIE Mill Machines Select
----- Mill - Metri
_____ I'u'I:II 4 a:n:i;:—: Metric Machine name : Mill 5 axis - Metric
----- Mill 5 axis - Metric Machine D : Miling Machine Metric

=ef Tum Mach_mes . Machine duty : Medium duty
----- Tum Single Turret - Metric

----- Tum Dual Turret - Metric Machine type - Mil

----- Tum Mutti Turret - Metric
E-gel Mil/Tum Machines

_____ Mil-Tum Single Tumst - me Max. feedrate : 16500.00mm./min

----- Mill-Tum Dual Tumret - meti Max. spindle speed : 12000.00pm
----- Mill-Tum Multi Tumet - met

Number of axis : 5 Auxis

£ >

c. Click theTool Crittab. Make suré ool Crib 2 (Metric) is the active tool crib.

Tool Crib

Awvailable tool crbs

Toal Crib 1 (Metric) Empty
Tool Crib 2 (Metric)
Tool Crb 3 (Metric) Assemblies

Select

Mame : Tool Crib 2 (Metric)

Mo of stations - 20

d. Click thePostProcessottab. Select theé/ISAXIS -Tutorial as theactive post processor
Post Processor

Active post processor
|C:\CAMWorksData\CAMWorks 2022464 posts \M5/Axis-Tutorial il |

Awailable
|C:\CAMWorksData\CAMWorks 2022464 posts \M5Axis-Tutorial i |

M3AXIS-TUTORIAL ~ Browse...
M4AXIS-TUTORIAL

M5AXIS-TUTORIAL Select
MILLVACRAMATIC-2100

MILL\ALLENBRADLEY-2400 [JapTCL
MILLVANILAM 1100

MILLVANILAM 6000M h

[ Do not show license expired post processors
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Lesson 1 Introduction to CAMWorks 4/5 Axis ProgramminGaseStudyg Overview of the process to generate Medkis toolpath

The part of this assembly that we are machining requires multiple setups to machine efficiently. How
the machine accommodates those setups will need to be defined. This is done by definiolipting
items:

1 Fixture Coordinate Sysm (FCSy, The FCS is typically the home point of the machine where the
G Code is basaff. It can also be a reference point that defines the direction of the home axes
of the machine while having the-Gode based off work coordinate system.

In part mode, the Fixture Coordinate System is optional fofai§ and 3axis milling. In
Assembly mode, it is required for the definition of the direction of the axes. It is also required
for 3+2 machinings it is used to deie the direction of the rotary and tilt axes

The FCS is defined by editing the Coordinate system node in the CAMWorks feature tree or on
the Setuptab of the Machine definition dialogue box

@ CAMWarks NC Manager
+i% Configurations
—_EJ_ Maching[Mill 5 axis - Metric]
m Part Manager
: "p Coordinate Systemn [Mot Defined]
.8 Recycle Bin

Setup

Fisture Coordinate system

Define ...

1 Setupindexing type and limits; Setting up the indexing type and limits is set on the Setup tab.
Here, we define the type of indexing used for positioning. Theetbpions are None, 4 Axis,

and 5 Axis.
Setup
Indexing : |5 Axis ~
MNone
4 A
5 Puxis

We can also set the limits of each axikis will keep the toarientation within the limits of the
machine for 2.5/3 axis positional machining. For 5 axis simultaneous operations, the machine
limits are determined by the post processor.
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Lesson 1 Introduction to CAMWorks 4/5 Axis ProgramminGaseStudyq Overview of the process to generate Muftkis toolpath

Setup
Indexing : | 5 Axis "
Global rotary retract plane : =
Indexing limits
Rotary axis Titt axis

I\"Iin:: Min::
I'\"Iax:: I\"Iax::

Update indexing angles for setups

1 Rotary axig TheRotary Axigab definesaround which axis ithe fourth axis.

Rotary Axis

Rotary axis is
O K axis
(Y ais
(®) 7 ais
() Entity select |
Rotation direction

Both w

Reverse direction

9 Tilt Axisc TheTilt Axistab definesaround which axis ithe fifth axis.

Tilt Axis

Titt axis is

(®) ¥ axis [ Reverse direction
(1Y axis
Entity select |
Rotation direction :
CW ~

4. Machine definitionfor Multi-Axis 3+2 machining
a. Click on theSetuptab
b. Set Indexing t& Axis

Setup

Indexing : | 5 fxis e

Global rotary retract plane =

c. Define the Fixture Coordinate systeflick on théefinebutton
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Lesson 1 Introduction to CAMWorks 4/5 Axis ProgramminGaseStudyg Overview of the process to generate Medkis toolpath

Setup

Fiture Coordinate system

Define ...

If a Fixture coordinate systetmas already been definddr the part or assemblyfile, there will be an
Edit button instead of ®efine button.

Setup

Fixture Coordinate system

Edit ...

Both buttons will take you to the Fixture Coordinate Sysinmperty Manager in SOLIDWORKS.

In the Fixture Coordinate System Property Manageré aretwo methodsthat can be selected

Fixture Coordinate System @
v X
Method
User Defined w
SOLIDWORKS Coordinate System
User Defined

1 User definedg The position.and direction of the fixture coordinate systara definedoased on
the settings in the Fixture Coordinate System property manager dialog

1 SOLIDWORKS Coordinate Systefrhe position and direction of the fixture coordinate system
are definedby a preexisting SOLIDWORKS Coordinate System.

When theUser Definednethod is selected hte Origin section defines the position of the Fixture
Coordinate System. This can be dovith one of the following choices:
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Fixture Coordinate System @
v X

Origin
() Entity

h ]

O Part bounding box vertex

O Stock bounding box vertex

1 Entity ¢ SOLIDWORKS geometry is selected from the graphics area
1 Part bounding box vertex A point is selected from either a vertex or ¢enface ofthe

smallest box that fits around the part.
9 Stock bounding box verteg A point is selected from either a vertex or center face of the

smallest box that fits around the Stock.

d. Under Method, selectJser Defined

Fixture Coordinate System @
v X

Method

User Defined b

e. For theOrigin, select theEntity radial button
f. Inthe graphics area, select ts&etch pointtrom the SOLIDWORKS assembly Sketch2
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Fixture Coordinate System

Origin
(® Entity

|o, 1 @Sketch2@CWAsm

(O Part bounding box vertex

Stock bounding box vertex

Part:

Under theAxissectionof the Fixture Coordinate Systeproperty managethere are three options that
are used to define the direction dfie FCS ‘axe8y highlighting these fields, we can select geometry on
the graphics area to define direction. The following geometries can be used:

v X

Fixture Coordinate System

@

Axis

R¥ R
b

R

23| Page



Lesson 1 Introduction to CAMWorks 4/5 Axis ProgramminGaseStudyq Overview of the process to generate Muftkis toolpath

1 FlatFacéPlane ¢ selecting a flat facer SOLIDWORKS reference plasiedefine the direction
normal tothat face.Once a face is selected, the Reverse Directionugthichange the direction
of the Axis

“

w

Z: l CW Face-0 z: 1Top Plane

1 EdgesAxis ¢ selectinga straight edge of a modek a SOLIDWORKS reference ailgdefine
the axis directioralong the edge selectedhe Reverse Direction icon will change the direction

of the Axis
s e
#] “
“ "
2: st 2:[WEdge-

1 Cylindrical/Conical surface Selecting a cylindrical or Conical surface agfine the axis
direction along the axis of the cylindrical or conical surfade Reverse Direction icon will
change the direction of the Axis

24| Page



Lesson 1 Introduction to CAMWorks 4/5 Axis ProgramminGaseStudyg Overview of the process to generate Medkis toolpath

Zx | CW Face-2 Z5 l CW Face-3

1 Circular edge; A selected circular edge can bsed to define thelirection of the Fixture
Coordinate Systenirhe FCS directiamill benormal to the plane on which the circular ediges

Z:‘CWEdg:-4

g. Set the FCAxisdirection byhighlighting the Z axield in the Fixture Coordinate
System property manager and selecting the shown face from the assembly in the
graphics area in SOLIDWOR¥@&ice the origin preview Z axis changes directidren
the face is selected
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Fixture Coordinate System
v X

Axis

X:|

‘o

z: Icw ASM Face-0

h. UnderOptions click on theCreate SW Coordinate Syster@ option. This will place a
SOLIDWORKS coordinate system in the SOLIDWORKS Assembly Manager tree

Fixture Coordinate System @

g

Options

Create 5W Coordinate System ... |

i. TheCreateSOLIDWORKS Coordinate systam will appear. Click on thessign a
coordinate systencheckbox and clickK.

Create SOLIDWORKS Ceordinate Systemn d

Name : | Fixture Coordinate System

Assign as coordinate system : [

j-». The property manageior the Fixture Coordinate System will be updated soNtethod
isSOLIDWORKS Coordinate Systemand the selected coordinatgystem is the new
SOLIDWORKS coordinate system that was just defined
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Fixture Coordinate System )]
v X

Method

SOLIDWORKS Coordinate System e

Coordinate System

]

Selected Coordinate System :

Fixture Coordinate System

Available Coordinate Systems :

Forture Coordinate System

k. ClickOK
5. Set the Rotary and Tilt axes
a. Click on theRotary Axistab
b. Set the Rotary axis 6 axis
c. Check on thereverse directioncheckbox
d. Set the Rotation direction t@oth

Ratany Auxis

Rotany axis is
CI X axis
(Y avis
(®) Z axiz
(") Entity select |
Rotation direction

Both v

Reverse direction

Click on theTilt Axistab

Set the Tilt axis t& axis

Check on théreverse directioncheckbox
Set the Rotation direction t&oth

Se ~o
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Tilt Awis

Tilt axis is
(®) X axis Reverse direction
(1Y axis
Entity select |
Rotation direction :
Both ~

i. ClickOK

Since we are working in assembly mode, we need to tell CAMWorks whiclgare machining. To do
this we will edit the part manager.

For assemblies with multiple instances of the same pegtwould need to seledll the parts we are
wanting to program.

For this Case Study, we vii# only machine one of the parts

6. Define the mrt to be machined
a. Right click on thé&art Managerand selectia nage Part seé

@ CAMWorks MC Manager
L_P@ Configurations
B_'ji_?_ Machine[Mill 5 axis - Metric]

‘ Part Manaér-

¢ .l Coordinate Manage Parts .. h
i8] Recycle Bin Rename
&g Hide

b. Select thed10101.SLDPRTIn the graphics area or from the SOLIDWORKS assembly
tree
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Manage Parts ? X

Selected Parts :

 010101.5LDPRT Defautt] Add All Instances
010101<1> [Defauit]

Sort Instances ...

Options

[ Consider SOLIDWORKS
((((( igurations

Update Instances

c. ClickOK

TheCAMWorks Feature Tree will now look like this:

@ CAMWorks NC Manager

% Configurations

B:E_ Machine[Mill 5 axis - Metric]

| E w. Part Manager

9? 010101.5LDPRT [Default]
? Feature Manager
‘ Instances

&P Stock Manager[6061-T6]

J.. Coordinate Systemn [Fixture Coordinate System]
Recycle Bin

Under theFeatureManagerlcon, we define the machinable featurasd setups

Stock Manager, By default, any parts defined in the part manager will hageoak automatically

defined as the smallest/bock that will fit around the paie stock manager allows usdefine the
stock basean othercomponentsin the assembly.

In part mode we have the option to define tséock using a bounding bpx predefinel bounding box
size,an extruded SOLIDWORKS Sketatylinderan STL file or another pdite.

In Assembly Modewe can also define the stock from anotfwamponent part file in the assembly

For thiscase study, we will be usirtige SOLIDWORKS part option

Stock Type

GG EYS

S

7. Define Stock
a. Doubleclick on theSock Manageicon in the CAMWorks feature tree
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@ CAMWorks NC Manager
ﬁ Configurations
Bl Machine[Mill 5 axis - Metric]
- m Part Manager
B ? 010M01.5LDPRT [Default]
? Feature Manager
w. Instances
- i [Stock Manager[6061-7='
o X, Coordinate System [F Edit Definition... %
- ﬁ Recycle Bin Display >
Rename
&g Hide

b. For Stock Type, Select SOLIDWORKS part

Stock Type

@ & @

A

G

c. Select the transparent part file in the graphics area or s¢@iick010101_01] from
the SOLIDWORKS Assembly Tree

Stock Manager

v X
Stock Type A
= [ [
GRS
Solid Model %S
|stockm1mo1_o1-1 \

d: ClickOK
e. Inthe SOLIDWORKS Assembly Tidde the assembly componefitock 0101 _01]
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We are now ready to define the features the part Before we do thiswe need set the option for
automatic featurerecognitionso that AFR defines the desired features

CAMWorks options is accessed in one of twosv@®n the CAMWorks toolbawe can click on the
CAMWorks OptiongEon.

o

CAMWaorks
Options

We can also go to th€oolspulldown.meny CAMWorks and thenOptions.

Toals | Window Help » |

-

SOLIDWORKS Applications »

Xpress Products 3
CAMWorks » @ Extract Machinable Features
i)

g FPublish elrawings

Technology Database...
‘.g: Default Feature Strategies..,
e

CAMWorks Active
88 Options... %
f'

Customize Menu
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The MillFeatures tab controls hotine 2.5axis features will be recogniz&dh this example we are
concerned with a couple of these options. We will turn off Beat perimeter option. This will reduce
the number of extraneos featureghat result from AFR.

8. Set the AFR options
a. Go to theCAMWorks OptionaMill Featurestab
b. UnderExtract machinable featuresuncheck-aceandPart Perimeter

Mill Features

Extract machinable features
Method : | MigView w
Feature types Remove on rebuild
Holes Holes
MNan holes MNan holes
Boss Boss
[]Face
(] Part perimeter Part perimeter options
Tapered &filleted Open pocket type
] Mutti surface pockets Boss type
[ Curve features for chamfering

c. ClickOK
9. Define Machinable Features
a. Run AFR

)

Extract
Machinable
Features

b. The following features amecognized
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CAMWorks NC Manager
@ ﬁ Configurations
=, Machine[Mill 5 axis - Metric]
=} ‘ Part Manager
. =-§ 010101.5LDPRT [Default]
i [} f Feature Manager
- Instances
@ 010101<1> [Default]
&P Stock Manager[6061-T6]
E .'n Coordinate System [Fixture Coordinate System]
-4 Setupl
(-P) Irregular Slot1 <1> [Rough-Rough(Rest)- Finish]
- @[3 Iregular Slot2 <1> [Rough-Rough(Rest)- Finish]
-4 Setup2
w @ Irregular Slot3 <2> [Rough-Rough(Rest)- Finish]
2} @ Irregular Slot4 <2> [Rough-Rough(Rest)- Finish]
@) Recycle Bin

c. Change the strategies of the Irregular Slot&toigh Finish.

-2 Setup1
. @l Iregular Slot1 <15 [Rough-Finish]
: @ Irregular Slotd < 1> [Rough-Finish]
El:qﬁ Setup?
@ Irregular Slot3 <2= [Rough-Finish]
@ [rregular Slotd < 2> [Rough-Finish]

We can use th®efault Feature Strategidsol to change the strategyrhis can be an easy way to
change the strateigs for multiplefeatures at one time

On the CAMWorks Commakdnager Toolbar click on theefault Feature Strategies
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Default Feature Strategies

il

C@lHole (o)

D@Countersunk Hole [0}
D@Counterbore Hole [0}
D@Redangularpo(ket o)

CIfs) Circular Pocket (0}
D@Irregular / Wrapped Pocket [0}
CIFEMRectangular Slot (0)
Dlrregular / Wrapped Slot (4)
D@RedangularComer Slat (0}
D@Irregular Carner Slot [0}

D%Circular Boss (0]

Edit/iew Strategy scheme for: | cyrrent Document / Machine (v
Strategy scheme: | Default ~
[T Feature Default Strategy

Drill

Drill

Drill

Rough-Rough(Rest)- Finish
Rough-Rough(Rest)- Finish
Rough-Rough(Rest)- Finish
Rough-Rough(Rest)- Finish
Rough-Rough(Rest)- Finish* ~
Rough-Rough{Rest)- Finish*
Coarse

Fine

Finish

D@Irregulariwrapped;‘PerlmeterBos..‘ Rough
E”%Open Pocket / Perimeter Feature (0]  |Rough
DEO;}EH Profile / Wrapped Open Profil...

D%Redangular Boss (0]

Rough-Finish I
Rough-Finish-EdgeBreak _

D@Face Feature (0] Finish

D@Multi Surface Feature (0] Area Clearance, Pattern Project
D@Obround Pocket (0] Rough-Finish

Dﬁobround Boss (0 Finish

D@Engrave ] Engrave

D@Cume (0} Edge Break

Apply

Before closing the dialogue, click on the Apply button to changstiiagegy
Interactive Feature Definitiorin Assembly mode

Wewill use a multi axis operation to cut the top portion of this pdro do that, we will need to define a
multi-surface feature for the operation.

When using Multi Surface operations on parts with multiple setupsrédesmmendedhat we define
all multi surface operation_ on-a Mill Part setup tliamormal to the Fixtire Coordinate system. If the
Mill Part setup is at a different orientation, tlggenerated GCode could generate incorrectly

Since running AHRd notgenerate a Mill Part setup at the correct orientation, we will need to manually
define this Mill Part Sap in the CAMWorks Feature Tree

This can be done from clicking on t8etupflyout meny then click on theMill Seup tool on the
CAMWork€CommandAanager toolbar or by right clicking on the feature manager ioodger the part
icon under the part manager.
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@ CAMWaorks NC Manager

% Configurations

93 Machine[Mill 5 axis - Metric]
- Part Manager

B ? 010101.5LDPRT [Default]

Highlight Recognized Faces
Highlight Unrecognized Faces

A

Insert Mill Part setup

Properties...
cycle Bin Rename
-f3n Instances B
- StoglManager[EOm -T¢ = b
Hide

----- 1. Coordinate System [Fix

10. Insert Mill PartSetup
a. RightClickon Feature manager and seleéosert Mill Part setup
b. For the Reference plane sel€tip Plane@ CWRart
c. Click on theReverse directioncheckbox
d. ClickOK

Mill Part Setup 25 X
Ads  Origin
A definition
Reference planes Selected entity :
Right Plane @CWPart Top Plane@CWPart
Top Plane@CWPart
Front Plane@CWPart [ Reverse direction
Right Plane @CWAsm
Top Plane@CWAsm Associate
Front Plane@CWAsm
Ais
X: 0
e
z:0
Create feature
OFace
[ Perimeter
B - Concel

11. Insert Multi Surface Feature
a. Right click omMill Part Setup3and selectViulti Surface Feature
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CIT|

B cAMWarks NC Manager
G Configurations
-, Machine[Mill 5 axis - Metric]
- Part Manager
2 010101.5LDPRT [Default]
=-§ Feature Manager
A2 Mill Part Setupl
& Mill Part Setup?
& [Mill Part Setu~2
i@ Recycle Bin Edit Definition...
B Instances
R Stock Manager[6061-T6
1+ Coordinate System [Fixt

Recognize Features

Recognize Local Features

£ Setup Sort features..
T Irrequiar Slot1 < 1> [1
P Irregular Slot2 <1 [I Mill Part Setup...

E2 ) 2.5 Axis Feature..

Part Perimeter Feature...

A Irrequilar Slotd <2> [I
@ Recycle Bin & Multi Surface Fadllg

EY Properties...

For theFeature TypeselectFacesor Surfaces
For Strategy, seleét Axis

Select theshown faces

ClickOK

®oo0T

Multi Surface Feature
v X =

M Surface Feature

Feature Type A
Faces or Sufaces ~
[C] Define as Avoid Feature
Strategy
5 s

» < »

Face Select Options

@9ele @2 @&

Selected Faces

I [cWASHFace25
CW ASM Face-26
CW ASM Face-27
CW ASM Face-28
4 Faces

] Show nomal

R

12. Generate Operation Plan
13. Adjust operations
a. Combinethe Rough Mill and Contour Mdperations under Setupl and Setufight
Click on theSetupand selectCombine operationg
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@ CAMWorks NC Manager
LE@ Cenfigurations
-2E, [Machine[Mill 5 axis - Metric]|
aw Part Manager Parameters...
9? 010101.5LDPRT [Defa
w Instances
- Stock Manager[6061-T6]
----- . 1, Coordinate System [Fixty
[_]& Setupl [Group1] um Generate Toolpath
{lu—iﬂ Rough MIll1[T01 - 6. Setup Sheet... >
-[B§ Contour Mill1[T03 - 1 : -
ﬂui'ﬂ Rough Mill2[TOT - 6.0 Combine Operations.,
[ Contour Mill2[T03 - 1 Multi Part Toolpath O%ut...
=4 Setup2 [Group2] i=  Sort Operations...
{]UE-H Rough MIll3[TO1 - 6.
e[ Contour Mill3[T03 - 1
'Tﬂ”i—ﬂ Rough Mill4[T01 - 6.0 Collapse ltems

Edit Definition...

Reorder Tools

Condense Setups...

Combine Operation ? *

Combine like operations using same tool diameters?

Select operation types

Rough Mill I:‘Area Clearance
] contour mill [z Level

D orin [ Fiat Area
Ceore [l pattern Project
[ center Drill [ Pencil minl
I:‘Thread Mill DConstant Stepover
I:‘Countersink I:‘Cur\re Project
[Jream [ Multi Axis
I:‘Tap DSAxis Roughing
[ entry drill [13 Axis Finishing
[ Face min

Options

Regenerate toolpath

Cancel Help

b. EditMultiaxis Mill1
c. On thePatterntab, set the pattern ta-lowline Between Curves

Pattem

Pattem

Pattemn : | Flowline Between Curves  ~

Odeg Parallel
-50deg Constant Z
Upper... Lower...

When.using the Flowline betweemnrves pattern we need to define the cusze€lhese curves can be
selected fronthe part geometry or SOLIDWORKS sketchiestit

To define the-lowline curves, selectthe p p e andL o w e buftons under the Pattern section of

the pattern tab
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Pattem

Pattem

Pattem : |F|ow|ir'|e Between Curves

Cut angle [7] : |Odeg Parallel
Cut angle [7] - |-90deg Constant Z
| Upper... | | Lower...

d. For theUpper...curve select the shown edge

Curve Wizard

v X

Selected Contours

0 Edge <1>

Ly

o

f. SettheMax Stepoverto 1mm

Pattem

Surface finish
Max. stepover : |1.00mm

Max scallop :

(Il (]

g. On theEntry/Retracttab set the Clearance tdype: Plane in ZandZ:500mm
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Entry/Retract

Type : | Plane In £ w

N Z:pmsm |5

Clearance

h. On theLinkstab, change thelinks between cutsStepover > link thresholdto Direct
and theEntry/Exit method to None

Links
Links between cuts
Link threshold - :
Stepover <= link threshold
Link type: | Follow Surfaces ~
Entry/Exit method ;| None
Stepover > link threshald
Link type: | Direct -
Entry/Exit method :| None I

i. ClickOK
14. Generate Toolpath
a. Generate the toolpattior Multiaxis Mill1.and the operations under Setupl and Setup2

As mentioned before, it is not required to work in assembly matien programming for &xis.All the
above steps could have been done on the part file. The advantage of working in assembly rhate is t
we canhave thefixturing visibleas other component# use in the toolpath simulatian

To be.able'to visualize the other assembly components indbkpath simulation, we will need to
define thesecomponentsas fixtures This is done by editing the definition of tBetup on the
CAMWorks Operation treg

If there in marethan one setup, unless we are using tfieture to define an avoid area, it is only
necessary to define this fixture on one setup.

15. Define Fixtures
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a. Right click orSetupland selecEdit definition. Alternatively, we can doublelickon

Setupl
b. Click on theixturestab
c. Select on the shown part

Fatures
Fodures
Avod _Part name
O Foture"010101_01<1> Add All Instances
Avod Al
Avoid None
Avod aea tye
@ Simplfied
O Bxact

d. ClickOK

16. SimulateToolpath
a. Simulate the toolpath by clicking thi@mulate toolpathicon on the CAMWorks

property manager toolbaror, right clicking on the machine and selecting Simulate
toolpath

&

Simulate
Toolpath

‘4

B CAMWorks NC Manager

ﬁ Configurations

-, [Machine[Mill 5 axis - Metricll

ﬂ Part Manager Parameters...
@ Stock Manager[6061-T
L Coordinate System [Fix
& Setupl [Groupl] Reorder Tools
] Rough Mill1[TOT - £
(- Centour Mill1[T03 -
& Setup2 [Group2] (% Simulate Toolpath...
ﬂU=_‘l| Rough MIll3[T01 - € & Step Thru Toolpath... %
\..{E Contour Mill2[T03 - I

B& Setup3 [Group3]
-4 Multiaxis Mill1[T02
...8) Recycle Bin Setup Sheet... >

Edit Definition...

Generate Toolpath

Machine Simulation »

b. Click theRun button in the Simulate Toolpath Property manager
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c. ClickOK
17. Save Assembly
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Exercise 1 0 5-axis workflow
Use the CAMWorks workflow &etup a @rt for 5 axis machining

55 SOLIDWORKS ~ File Edit View Insert Tools Window o AD0D-FP-B-&- - - S 'J! ("] & v 5. Bsearcncommands QA - @ @ - B O X
3 i : S
B I coordinate system | 3] 8} [E & -

Extract 2.5 Axis Hole 3 Axis Mill Multiaxis

& stock Manager Machinable Mill  Machining Operations Mill
o] i o] i [o] i

$ Setup , Features = =

Features | Sketch | Surfaces | Evaluate | SOLIDWORKS Add-Ins | CAMWorks 2022 PEAPB D-v-OR-T-
Jo R

G | B¢ &[T
v
&8 5_AX_Cavity (Default<<Default>_Dis »
History
Sensors
Annotations
Solid Bodies(1)

o—
8= Plain Carbon Steel

Define
Machine

[] Front Plane
(] Top Plane L
[ Right Plane J
L, origin

@] Boss-Extrudel
éﬂ Boss-Extrude2
() Move Face2
@ Fillet

@ Filleta

[] Planet

[@ Cut-Extrudel
(¥ ©20.0mm Dowel Holel .

[5f¢] Mirrort )* .

G Boss-Extrude3

v

hs 2 *Dimetric
[0 Model [ Motion Study 1 | ]
SOLIDWORKS Premium 2021 SP4.1 Editing Part MMGS -« [

This lab exercise will reinforce the following skills

1 Define machinestock,and coordinate systerior 5 axis machiningnd 3+2 machining
1 InsertMill Part Setup and Multi'Surface Feature for MAkisoperation

1 Insert and edit multi axis machining operation

1 Generateand simulate toolpath

Procedure:

1. Open Part
a. Open5_AX Cavity. SLDPRT from the. . \Lesson O1Exercisesfolder
2. Define Machine
a. Use the following parameters
I. - Machine:Mill 5 axisi Metric
ii. ToolCrib:Tool Crib 2 (Metric)
ii. "Post ProcessoiI5Axis-Tutorial.ctl
3. Define Machine Setup
a. Define the Fixture Coordinate System
i. Method: User Defined
ii. Origin:Part bounding box vertex Select the shown point
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Fixture Coordinate System

AXxis: Select the shown face

[

iv. ClickOK
b. SettheSetup Indexingo 5 Axis
c. Set the Rotary Axis
i.
.

Rotary axis isZ axis
Check on th&keverse directioncheckbox

43| Page



Lesson 1 Introduction to CAMWorks 4/5 Axis Programmingxecise 1¢ 5-axisworkflow

Rotary Axis

Ruotary axis is

() ¥ axis ;

()Y axis £l Reverse drecton W
(®) 7 axis

O Enliy select [ ]

Rotation direction

(Both vl

d. Set the Tilt Axis:
i. Tilt axisis: X axis
ii. Check on thékeverse directioncheckbox
iii. SettheRotation direction: Both
Titt Axis

Titt axis is

(®) X ais [+ Reverse direction
(Y axis

() Erttity select

Rotation direction :

e. ClickOK
4. DefineStock
a. The followingparameter
i. Material: 6061-
Stock Typ

dto define the stock in the Stock Manager

| Aluminum Alloys |

Stock Type A
Fe=0BE
Solid Model A

(O select Part
@ Current Part

R
II |Defau|l V|
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b. ClickOK
5. Define Features using AFR
a. Run Automait feature recognition

@ CAMWorks NC Manager
Eg--& Configurations
----- :f)_ Machine [Mill 5 axis - Metric]
~-{[F] Stock Manager[6061-T6]
----- ‘l.. Coordinate Systemn [User Defined]
=28 Mill Part Setup1
Obround Pocket1 [Rough-Finish]
+-{gg Hole Group1 [Drill]
E1-42 Mill Part Setup2
Obround Pocket? [Rough-Finish]
{8 Hole Group [Drill]
----- &) Recycle Bin

6. Define Multi Surface Feature using IFR
a. InsertMill Part Setupusing theTop Plane

E | B | ¢ | e I I = I 7 |- @ 5_AX_Cavity (Default<<D..

Mill Setup @ » History
v X Sensors
4 Annotations
ERt 2 » [@) Solid Bodies(1)
§-=g Plain Carbon Steel
[ Associate [] Front Plane
v
Setup Direction A E:';I_Tip_P_laﬁe
o % [;| Right Plane
L Origin
¥ -1 » @] Boss-Extrudel
z > ‘ » @ Boss-Extrude2
[Eﬂ Move Face2
Features N [ Fillet3 -
[CJrace @ Filletd
Strategy : !rivl Planel
> L!] Cut-Extrude1
! » (& 020.0mm Dowel Holel
[blﬂ Mirrorl
» BosstExtrud

I‘ ;;feteFac-ﬂ
FlUetS
b. Insert new Multi Surface Feature
I. Feature Typeface or Surfaces

ii. Strategy5 Axis
ili. “Selected Faces: Select shown faces
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iv. ClickOK
7. Generateand sort operations
a. Generateoperation plan
b. Sort Operations
i. Procesgab: Strategy: By and across setups

Process

Strategy

(O By setup

() Across setups

(® By and across setups

ii. Sorttab: ClickApply

Sort Operations *

Process  Sart

Sort by Then by

Operation type ~ None ~

Face Mill

Center Drill

Dl

Courtersink

Bore

Ream

Tap

Entry Drill

Rough Mil
Contour Mil
Legacy Rough Mil
Legacy Finish Mil
Thread Mil
Pencil Mil

Areza Clearance
Pattern Project

Z Level

Constart Stepover
Pencil Mil

Flat Area

Curve Project
Muttizxis Mill

Sort tools by
Size:

Sort scheme

Station number Scheme 1 ~ Load

oK Cancel Apply Help
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ClickOK

8. Modify Multi Axis Operation
a. EditMulti Axis Millland set the following parameters
b. PatternTab:

Pattern:Flowline Between Curves
ForUppetX, in the Curve Wizardselect the top face of the part

Curve Wizard @
v X
Selection Mode A
D Single Face v
ﬁ] ‘ﬁng}e Edge v/

Selected Contours

CW Face-42

»

U
iii.
Curve Wizard ®
v X
Selection Mode
@ ‘Single Face
[U ‘:Single Edge
Selected Contours
Edge <1>
ﬂo Edge <2>
u Edge <3>
Edge <4>
Edae <5>
iv.
V.
Vi.
Vil.

Direction Pattern: Zig

Check oriviaintain cutting direction

Limits: Method:Avoid Cuts At Exact Edges
Surface Finishiviax. stepover: 1mm
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Pattem

Direction Surface finish

Pattem : |Zg o Mau. stepover : =
Max scallop : |0.13mm =
Onter - [SamrEa S p
Cut direction : |CW e
Machine by : | Lane i
Blend spiral along distance Omm =
[ Reverse stepover Cloze first cut
Maintain cutting direction Close last cut

Limits

Method : | Avoid Cuts At Exact Edges w

3

1 S

c. Entry/Retracttab:
i. Lead inmoveMethod: None
ii. Leadou moveMethod: None
iii. Clearancelype Plane In Z
iv. Z50mm
v. DistancesRapid Length 15mm, Feed length 5mm

Entry/Retract

Leadin move
From : | Clearance ~
Method : |Ncne V|

[] Start from home position

Leadout mave
To : |Clearance w
Method : | MNone [

] Retum to home position

Clearance

Type:|PIaneInZ w
W ozEm R

Distances

Rapid length :
Feed length :

-
-
-
-

d. ClickOK
9. Generate toolpath
a. Generate toolpatifor all operations
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(Rota °)
| (Tijt 0.00°)
X

10. Simulate toolpath
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1 Setup up and assembly/part file for 3+2 axis machining
I Use 3to 5 axis conversion oi3axisoperation for holder avoidance
1 Insert ad-axiswrapped feature and operation

Lesson 2ii 3+2 Axis Programming, 3 to 5 Axis Conversion,‘and
Wrapped Features
Upon successful completion of tHessonyou will be able to:
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This lesson covetke operations ad setup procedures fothe multi-axis functionalityin CAMWorks
that does notinclude the Multi Axis operatiotype but would still be used i and 5 axis programing
There are three parts to thigsson

1 3+2 axis programing Anytime there is more than one setdipr 2.5 and 3 axis operatioms a
part or assembly file and it is intended thae part or tool reorient to each setup.in the CNC
program, this i2+3 machining.

1 3to 5 axisGonversiong There is a parameter in&isoperations that will check the holder
avoidance and tilt theool.

1 Wrapped and operationg This is a-axisoperation where thepart rotates around a rotary axis
and the tool is perpendicular to that axis
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Case Study 90 3+2 axis Machining
The topics covered in this Case study were briefly coverdueihesson 1. In thisssonwe will go into
more detailon how to setup and program a Part or Assembly file with 3+2

For this case study, we will start by following the procedliseussed in Lesson 1.

1. OpenAssembly

a.

Open the assembly file20202 01.SLDASMn theé \Lesson @\Case Studyfolder

2. Define the machine

a.

®coo0o

Click on theCAMWorks Feature tretab

Editthe Machine Efinition

On theMachinetab, SelectMill 5 axis T Metric as the machine

On theTool Criltab, selectlTool Crib 2 (Metric)

On thePost Processaab, select

C:\CAMWorksData\CAMWorks20 22x64\PostaM5AXIS -TUTORIAL.ctl as the post
processor

3. Define the Fixture Coordinate System

a.
b.

Click on thesetuptab
UnderFixture Coordinate systepselect theD e f 1 button

Setup

Fixture Coordinate system

Define ...

Alternatively, the Coordinate System icon.in the CAMWorks Feature tree can dbeowdefine the
fixture coordinate system

We canredit the coordinate sysim by double clicking on the icon or by right click on the Icon and
selecting Edit Definition

@ CAMWorks NC Manager
l% Cenfigurations
E-oE, Machine[Mill - Metric]
P w. Part Manager

Ji? Coordinate System [+ nfin -l
i ‘,J Recycle Bin Edit Definition %
~  Associate

@’ Properties...
Renarme

@¢ Hide

c.
d.
e.

2| Page

UnderMethod, selectUser Defined
UnderOrigin, selectEntity
For the entity select the sketch point dhe assemblysketchl as shown
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Fixture Coordinate System

®
v X

Origin
(® Entity
|o, 1 @Sketch1@CWAsm

»

O Part bounding box vertex

Stock bounding box vertex

Part:

f. For theAxis select the shown. face in

» orsure ] 2]

Y
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g. ClickOK
4. Define the Rotary and Tilt Axes

a. OntheRotary Axigab, set theZ axisto be the rotary axis
b. Check on théreverse directioncheckbox

Rotary Axis

Rotary axis is

8 i::: Reverse direction
(@) Z axis

() Entity select |
Rotation direction

Both w

c. On theTilt Axistab, set theX axisto be the Tilt axis
d. Check theReversedirection check box
e. ForRotation DirectionselectBoth

Tilt axis is
(®) X axis Reverse direction
() axis
Entity select |
Rotation direction :
Both ~

f. ClickOK
5. Define the part to be machined

a. DoubleClick on theRat Managericon in the CAMWorks Feature tree or Righick on
the Part Managericon and selecla nage Part sée

b. Select theshown part file in the graphics area
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Manage Parts ? X
Selected Parts :
§ 020202.5L0PRT Pefautt] | Add Al Instances
@ 020202<1> [Default]
sortinstances .. |
Options

[4] Consider SOLIDWORKS
configurations

Split Instance

[ ok | | concal | Help

c. ClickOK
6. Define the Stock
a. Edit the stock manager
b. FortheStock TypeelectSOLIDWORKS Part
c. Select the shown part as trsslid model

Stock Manager ®@
v X
Stock Type A
§ 8= 0SS
Solid Model A
!Sto(k“OZOZOZ_OT-Z |
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d. ClickOK
7. Define Machinable Features
a. OpenCAMWorks optionsindgo to theMill Featurestab
b. UnderExtract Machinable Feature$-eature typesuncheckPart Perimeter

Mill Features

Extract machinable features

Feature types
Holes
Mon holes
Boss
Face
[]Part perimeter
Tapered & filleted
[] Multi suface pockets
[ curve features for chamfering

c. Under theHole recognition optionset theMax diameterto 20mm

Mill Features

Extract machinable features
Haole recognition options

Max diameter : S
Min included angle : =

[ Condense split holes
Recognize counterbore holes
[ Extend holes to the stock Apply..

*

d. ClickOK
8. Run Automatic Feature Recognition
a. RunAutomatic Feature Recognition

)

Extract
Machinable
Features

b. Clean ughe features by doing the following:
i. Click on théDefault Feature Strategiegkon
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35

Default
Feature
Strategies

ii. Change the Default stratedgr Rectangular pocketnd Circular Pocketb

Rough-Finish
Default Feature Strategies X
Mill
Edit/View Strategy scheme for: | Current Document / Machine w
Strategy scheme: | Default ~
[T Feature Default Strategy
Ol@Hole (12) Drill
Ul countersunk Hale (0) Drill
U[@) counterbare Hole () Drill
(1P| Rectanguiar Pocket (7) Rough-Finish
PB) Circular Pocket (4) Rough-Finish
D@Irregular;‘ Wrapped Pocket (0] Rough-Rough(Rest)- Finish
Bl rectanguiar slat (0] Rough-RoughiRest)- Finish
D@Irregular;‘ Wrapped Slot (0] Rough-Rough(Rest]- Finish
D@Rectangular(:omersmt [0) Rough-Rough(Rest)- Finish
D@Irregular Corner 5lot (0) Rough-Rough(Rest)- Finish
LI circular Boss () Finish

D@,Irregular;‘Wrappedf Perimeter Bos... Finish
Dﬁ(]pen Pocket / Perimeter Feature (0] Rough-Finish
DEOpen Profile / Wrapped Open Profil... Finish

D[%RectangularBoss (0 Finish
D@Face Feature (5) Finish
D@Multi Surface Feature (0] Area Clearance, Pattern Praject
(1Pl obround Packet (0) Rough-Finish
2 obround Boss (0) Finish
D@Engrave [0} Engrave
D@Cume (0} Edge Break
Apply

Close Help

iii... ClickApply and thenClose
9.7 Generate Operations
a.  Click on thesenerateOperation Plan icon
b. Combinethe Rough Milland Contour Milloperations

Combining operatiomvill place multiple features using the same tool and operation parameters under
the same operationCombining operations will shorten the list of operations in @&MWorks
operation tree making it easier to manage.
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We can right click on the setup andesgtC o mb i n e Op dfromahe menu. $ndéhe Combine
Operation dialogue box chethe operation types we wartb combine When we click OK CAMWorks
will automatically combine any operations in that setup that are using the same tool

E‘@ ie_tue'l [G“}“_Eﬂl S ! Combine Operation 7 X
..@__ Face Mill1] Edit Definition...
ﬂéﬂ Ll ﬂm Generate Toolpath Combine like operations using same tool diameters?
{E Contour M .
. . L . Select operation types
| Rough Mill 2.5 Axis Mill Operations > .
{EI Contour M Hole Machining Operations » Rough MI”_ [ Area Clearance
ﬂgﬂ Rough Mill e R Contour Mill []Z Level
- Contour M |-s _I -pera |or1-s [ orin [IFiat Area
;I’_ Center Dril Multiaxis Mill Operations > [Bore [ Pattern Project
: iz Drill1[T14 - Probing Operation... [ center Drill [ Pencil mill
'ili' Tap1[T15 - Post Operation... [ Thread min [] constant stepaver
Combine Operations... |:| Countersink |:| Curve Project
I=  Sort Operations... % [Jream [ raurti Axis
|:|Tap |:|3Axis Roughing
[]Entry drill [13 Axis Finishing
[JFace min
Options
Regenerate toolpath
Cancel Help
-4 Setupl [Group]
%ﬂ_ Face Mill1[T12 - 50.00 Face Mill] El& Setupl [Group1]
ﬂui'fl Rough Mill1[T05 - 20.00 Flat End] B2 Face Mill1[T12 - 50.00 Face Mill]
B Contour MIll1[T05 - 20.00 Flat End] ﬂéﬂ Rough Mill1[T05 - 20.00 Flat End]
-k Rough Mill2[T05 - 20.00 Flat End] et ®. % B Contour MIll1[TOS - 20.00 Flat End]
-l Contour Mill2[T05 - 20.00 Flat End] -3 Center Drill1[T13 - 14MM X 60DEG Center Drill]
ﬂui'fl Rough Mill3[T05 - 20.00 Flat End] -z Drill1[T14 - 11.50%118° Drill]
{EJ Contour Mill3[T05 - 20.00 Flat End] -i i Tap1[T15 - 1/2-20UNF Tap-Cutting]
%i? Center Drill1[T13 - 14MM X 60DEG Center Drill]
-z Drill1[T14 - 11.50%118° Drill]
-5 Tap1[T15 - 1/2-20UNF Tap-Cutting]

c. Right.click orthe Machineicon in the operations tree and sele€bmbine
Qperati onsé

d. Inthe Combine Operation box check on theugh Mill and Contour Mill checkboxes

e. ClickOK

Next, we willadjust the Mill Part setup parameters to work with our machine. This includes defining the
origin for each setupsetting the work coordinateffset,and defining theotary and tilt angles that the
machine will follow to orient the tool to the workpiec@/e will tell CAMWorks which assembly
components are useds fixtures

TiltedWerk Plane
It is important to know how the controller on the machine handles the tilted work pliteny
controllers will use a command that rotates tiverk planeon themachine omlaces the direction
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perpendicular to the setupnd allowus to program as if we were on the G17 plane. This results'in
shorter G Code programs because we can@@2/G03 instead diaving the tool move to X,,Zpoints

G68.2
CYCLES00
PLANE
SPATIAL

G54

We also edit the mill part setup to define tipair of angles thd™ and 3" axis can move tfor the
correct orientation. There are usually a couple of orientations, or angletmithe 4" and 5" axes can
be at. The image below show example of different angle pairs applied to the machine.

|
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-
BS

i

—

f-'

S\
This isassigned on théndexingtab of the setup parameters.dialog

10. Define origin
a. EditSetupl[Groupl]

b. Click on theDrigintab
c. Underthe Setup origirclick selectixture coordinate systen

Crigin

Setup arigin
() Entity select Selected ertity : 0. 1 @Sketch1@CW Asm
() Sketch Sketch1@CWAsm b
(®) Fixture coordinate system
() Absolute

Cifset

11. Define Work Offset
a. Click on theOffsetTab
Under Work coordinate offseatlick onWork Coordinate

Type iS4 under theStart value column

b.
C.
d. . Click on theAssignbutton
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Offset

Work coordinate offset

O None Start value: Increment:

() Fixture 1 = 0 =
(®) Work Coordinate 54 B |'| =
(O Work & Sub Coordinate 1 = 0 -

Assign
H Part Name Setup Off... Sub X Y z
1 020202<1> Mill Part Setupi 54 0 000 000 31650

12. Set the indexing angle
a. Click on thdndexingtab

For this setup, the assigned angle willQukeg, Rotary and Odeg tilt.

Indexing

Possible angle pairs : Fitter : | Al w Ty w 3( Zaf 2
First rotation Second rotation
Jﬂdeg. Ruatary “ (deq, Tilt
“ﬂdeg. Rotary “ Odeq, Tilt
Select

When we sethis forthe otherMill PartSetupswe can select the angle pair ftite setups This is done

by selecting which angle from the Possible angle pairs list and clickihg &elect button at the
bottom.

Indexing

Possible angle pairs : Fitter : | All L Ty & Jof &
First rotation Second rotation
¢1ﬂﬂdeg. Rotary J -50deqg, Titt
4 -180deg. Rotary w” S0deg, Tit
¢Ddeg. Rotary “ 90deq, Tilt
Select

13. Define the fixture
a. Click on the-ixturestab
b. Select the shown part in the graphic area
c. Check on theéi\void checkbox

61| Page



Lesson 2 3+2Axis Programming, 3 to 5 Ax@onversion and WrappedFeatures Case Studg 3+2 axis Machining

Fixtures

Fixtures :

Avoid Part name
M Fixture "020202_01<1> Add All Instances

[ Avida |
[ Avoid None
Avoid area type
(® Simplfied
O Exact

With the avoid check box checkedAMWorks will use the footprint of tteeleced componentto
define an avoid aretor any operations'in that setup. Thisrrent setupwill not show much difference
with this option selectedin other setups, the avoicheckbox with apply an avoid area to prevent
collision:
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14. Edit thedefinition for all Setups
a. Origintab: Set the Origirto the Fixture Coordinate Systemon all Setups
b. Offsettab: Set the Work coordinate offset t&/ork Coordinate 54
c. Indexingtab: Set the following angles for each setup

Setup2Group]: First Rotation:0deg Rotary, Second Rotation90deg Tilt

Indexing
Possible angle pairs : Filter - | A1l ~ T 3( dof B
First rotation Second rotation
f'lElDdeg. Ratary J -50deaq, Titt
f—'IEII}:Ieg, Ratary f -50deaq, Tilt
7 deg. Rotary o 90deg, Tit

Select

SetuB[Group3} First Rotation:180deg Retary; Second Rotation90deg Tilt

Indexing

Possible angle pairs :

Filtter :

Al v ﬁv& 3of 6

First rotation

“Ddeg. Rotary
Jmﬂdeg. Rotary
“—wﬂdeg, Rotary

Second rotation

&’ -9deg, Tit

& 90deq. Tit
& 90deq, Tit

Select

Setupd{Group4]: First Rotation:-90deg Rotary, SecondRotation: 90deg Tilt

Indexing

Possible angle pairs :

Fitter :

Al v ﬁ'?( 40f 8

First rotation
“!}Ddeg, Rotary
«-Z?Ddeg. Rotary
o'ZTﬂdeg. Rotary
«-Bﬂdeg, Ratary

Second ratation
& S0deg, Tit
o S0deq. Tit
o 90deg, Tit
& 90deg, Tit

Select

SetupgGroupb5} First Rotation:90deg Rotary, Second Rotation90deg Tilt

Indexing

Possible angle pairs :

Filter :

Al ~ ﬁ?‘ 4of 8

First rotation

«2?ﬂdeg, Rotary
“—B'Ilzleg. Rotary
% 90deg, Rotary
& -270deg, Rotary

Second rotation
% -90deq, Tit
o S0deq. Tit

o 90deq, Tit
o 90deq, Titt

Select
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d. Fixturetab: Séect the fixture part and check théwvoid checkbox as describethove
e. ClickOK

15. Sort Operations
a. Click on theSortOperationsicon on the CAMWork€@mmandVanager toolbar

1—
3
F—

Sort
Operations

b. On theProcesgab, selectBy and across setups

Process

Strateqy

(O By setup

() Across setups

(®) By and across setups

c. On theSort tabclick Apply

Sort Operations x

Process Sort

Sort by Then by

Operation type w Mone e

Facs Mil
Certer Dril
Drill
Countersink

Ertry Ol

Rough Mil
Contour Mill
Legacy Rough Mil
Legacy Finish Mill
Thread Mill

Pencil Mill

Area Clearance
Pattem Project

Z Level

Constant Stepover
Pencil Mill

Flat Area

Curve Project
Multiaxis Mil

Sort toals by

Size

Sort scheme

Station number Scheme 1 [ Load

| QK | Cancel Apply Help

d. ClickOK
16. Generate Toolpath
17. Simulate Toolpath
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Case Study 0 3 to 5 Axis Conversion
CAMWorks can utilize axis capabilities to avoid holders on 3 aperations This case studshows
how to enable the 30-5 axiscommand for that purpose.

1. Openpart
a. Open3to 5 axis Piston.SLDPRin the\Lesson 02Case Studyfolder
b. Click on theCAMWorks Featuré&ee, the maching gockand machinable featuresave
previously been defined
c. Click on the&CAMWorks Operatioffree
2. Simulate toolpath
a. Click on thesimulate Toolpathicon form the CAMWorks Comma@nager toolbar
b. In the Simulate Toolpath Options, set tAi®ol Holderto Pause orcollision

Simulate Toolpath ®
v

Options

pd

Collisions :

c. Run the simulatiorand note thewarning - message from CAMWottket happens on the
constant stepover operation

CAMWorks Message

WARNING : Feed collision occurred in the operation Constant
Stepover1 between the Tool Holder and the Stock.

oK

d. ClickOK
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3-t0-5 axis conversion

When theConvert to 5 Axisoption is checkedhe tool will tilt to overcome the collision of holder with
the feature being machined and avoid areas, if defined in the operdifitime Tool/Holder.cannot be
tilted to avoid a collision, the areas of the toolpath resulting in cotisvill be deleted. Though not
supported in regular 5 Axis machinigoid allowanceis supported in Convert to 5-Axis functionality
for all Avoid features and clamping fixtures.

Advanced

Haolder avoidance

Enable
Clearance : |0.2mm =
Calculate min tool protrusion
Calculated min :
Cument : |40mm

Convert to 5 axis

3-to-5 axis conversion can only be applied to the followopgration types:

=A =4 =4 4 =4

T

Z Level

Constant Stepover
Curve Project

Flat Area

Pattern Project
Pencil Mill

Within the Holder avoidance group box, this checkbox is enabled only when the all the following
conditions are fulfilled:

1 The Enable checkbox optienthin the Holder Avoidance group box is checked

1 The current tool assigned to the operation is a Ball End Mill tool

9 The post processor selectednpost process 5 Axis toolpaths

1 Your CAMWorks license has been configured with the '5X Mill' module (reqaigsherate 5
Axis operations and toolpaths)

3. EditConstant Stepover operation

a. Edit Constant Stepoverl

b. Click on theAdvancel tab

c. Under holder avoidage, click on thé-nable checkbox
d.  Click on theConvert to 5 axischeckbox
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Advanced

Helder avoidance

[+ Enable
Goware: [T ]

Calculate min tool protrusion

Calculated min :

Cumrent :  40mm
[ Convert to & axis

e. ClickOK
4. Generate Togath

a. Generate toolpath

5. Run toolpath simulation

a. Run toolpath simulatiomvith the Tool Holdersetto

options

C

isiorin the toolpath
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Case Study 0 Wrapped toolpath
A wrapped toolpath can be applied to a part that is set up for 4 axis machining. Wrapped toolpaths use
the same bolpath calculation algorithms as the 2.5 axperations. They also use the same technology

database enties.

Wrapped toolpatls are generated from Wrapped featus¢hat are interactively generated. To insert
wrapped features, the part/assembly must be setup correctly. This case shadys how to set up a
part file to allow for wrapped features toe created.

1. Openpart
a. OpendAX Wrap.SLDPRT from the\Lesson 02Case $udy folder

b. Click on theCAMWorks Feature tregab
2. Define the Stock

a. Edit Stock Manager

b. ForStock TypeselectExtruded Sketch

Stock Manager @
v X

RACN G -

c. For theExtrude Sketchselect the SOLIDWORKS sketch naftedk

Extrude Sketch ]

E |Stc|ck |

/' Offset face e

@lCWFace-ﬂ |
£|Dmm | =

d. Setthe end condition t®ffset faceandselect thefront face of the part as shown
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In order to define 4 axis wrapped features in CAMWorks, the part must be set up correctly. To do this
the following criteriamustbe in place on the part file:

1. The Mill Part Setup must be perpendicular to the
4th axis

mie 1< T~ _Setup Direction

2. Indexing must be set to 4 Axis on the Setup tab Setup

the Machine dialog box. Setup

Indexing : |4Fujs w |

Global indexing retract plane : E
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3. A Fixture Coordinate System (FCS) must be

defined. The FCS must be positioned along the
rotary axis.

4. On the Rotary Axis tab of the Machine Definition
the X or Y axis of the Fixture Coordinate Systen
must be selected to define thRotary, or &, axis.

4th Axis

Rotary axis is
(®) X axis
(Y axis

Z axis

() Entity select

Rotation direction :

CW

[[]1Reverse direction

I
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5. Faces or edges used to define the Wrapped
feature must be cylindrical.
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6. The cylindrical faces or edges of the wrapped
feature must be cocentricwith the 4th axis. 4th Acds

3. Define the machine

a

b.
c.
d

—Ta

Edit Machine definition

On theMachinetab, selectMill 4 axisi Metric.as the machine

On theTool Criltab, selectlTool Crib2 (Metric)

On thePost Processanb, select

C:\CAMWorksData \CAMWorks20.22x64\P0ostaM 4AXIS-TUTORIAL.ctl as the post

processor
On theSetuptab, set the Indexing to 4 Axis
Setup
Setup
Indexing : |4Pnds ~ |

Global indexing retract plane : =

ClickDefineto define the fixture coordinate system

For theMethod, selectSOLIDWORKS Coordinate System
SelectCoordinate Systemifrom the Available Coordinate Systems
ClickOk
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Fixture Coordinate System @)
v X

Method

SOLIDWORKS Coordinate System v

Coordinate System

»

Selected Coordinate System :

Coordinate System1

Available Coordinate Systems :

Coordinate System1

j. On theRotary Axidab, set theRotary Axis isto X axis
k. Set theRotationdirection:to Both

Ruotany Axis

Rotary axis is
(®) ¥ axis
(Y awis

Z axis
() Entity select |
Rotation direction :

Both v

[ ] Reverse direction

[.  ClickOK
4. Define new Mill Part Setup
a. Select thelop Planefrom SOLIDWORKS as the reference entity.
b. Reverse the direction so the Mill Part Setup direction is coming from the top of the part
as shown
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c. ClickOK
5. Define MachinabléNrapped Features
a. Right click oMill Part Setupland selectVr apped Feat ur gé
b. Or, after selecting on thilill Part Setuplclick on theFeatureicon in theCAMWorks
2022 CommandManager Toolbaand thenWrapped Feature

@ CAMWorks NC Manager
L-FB Configurations
LB, Machine [Mill - Metric]
.. Stock Manager[5051-T6]
Cooerdinate System [Coordinate System1]

L Ml PartSetuE_J‘I

.8 Recycle Bin Edit Definition...

Recognize Features

Recognize Local Features

Sort features...

Mill Part Setup...
7] 2.5 Axis Feature...
E:I Part Perimeter Feature...
&7 Multi Surface Feature...
Eﬂ Wrapped Feature ...

Unwrap Facestdges%Sketch...

1
Feature

-

[h Part Perimeter Feature
[:zj 2.5 Bxas Feature
@ Multi Surface Feature

I:L‘l;"l Wrapped Feature [}_

If the previous steps were nalone to setup the part for 4 Axis Rotary milling, the option to insert
Wrapped Features would not be present from the right click menu.
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@ CAMWorks NC Manager

ﬁ Configurations

T, Machine [Mill - Metric]

I Stock Manager{6061-Té]

‘l... Coordinate Systern [Coordinate Systemn]

& [Mill Part Setun1

i..0) RecycleE  Edit Definition...

Recognize Features

Recognize Local Features
Sort features...
Mill Part Setup...

2.5 Axis Feature...
Part Perimeter Feature...

Multi Surface Feature...

CICRTEE

Properties...

Likewise, the Wrapped Feature option will be missing from the Feature icon on the CAMWorks
CommandManager toolbar

(@

Feature

-

E: Part Perimeter Feature
@ 2.5 Awis Feature
@ Multi Surface Feature

Wrapped Feature Property Manager

The Wrapped Feature Property Manager is different than the typical property manager for inserting
machinable feature. Here are its main components:

Feature- There are 5 types of wrapped featurést can be defined

Wrapped Pocket

Wrapped Boss
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Wrapped Slot Wrapped Open Profile

Profile Tabg this tab defines the feature perimeter profile
End Condition Talg Defines the end condition for the feature profiles

Edit Profile Tal; On Wrapped Slot features, this tab allows us to define which edges are open air vs
material

c. ForType selectWrapped pocket
d. ForStrategy, selectRough-Einish

Wrapped Feature @
v X m
Perimeter  |slands
Feature
Type - |Wrapped Pocket A
Strategy | Rough-Finish v

Spindle attibute : | 5,

e. Select the showfface
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f. Click on theend Conditiortab
g. UnderDirectionl select the shown face to define the end condition

End Condition
Profile : | All v
Direction 1
Type : Upto Face v
CW Face-2
o e (2
[ Direction 2
Type :|Blind
Omm 2
Wall
oy el v/
Wrapped dia : | Bottom v
h. ClickOK

6. Pattern the Wrapped Pocket Feature
a. Right Click oiVrapped Pocketlhnd selecPattern,Cr eat e Patt er ne
b. Set the patternTypeto Circular Pattern
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) CAMWorks NC Manager

EEI--& Configurations

B, Machine [Mill - Metric]

[ Stock Manager[6061-Té]

‘l.. Coordinate Systermn [Coordinate System]
=<8 Mill Part Setup

h Wrapped Poc'--+! M- - |

f.’j Recycle Bin Edit Definition...

Pattern ’ Im

Parameters...

c. Select the outside diameter face of the part as the reference axis to pattern around
d. Click on theTotal distanceicon
e. Set the number of instances

New Pattern

Type: | Circular Pattern

Parameters

UG

f.  ClickOK
7. Insert new Wrapped Slot Feature
a. Insert new Wrapped Pocket feature by rigticking on the Mill Part Setdpand
selectinghlr apped Featureée
b. ForTypeselectWrapped Slot
For theStrategy, selectRough
d. Click on the shown face for the selected profile

o
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Wrapped Feature
v X ™

Perimeter  slands
Feature

Type : ‘WrappedS!ot v

Strateay : | Rough v

Spindle attribute : 15

Profile ' End Condttion Edit Profile
Selection fiter
Available valid sketches

Sketch6
Sketch7

e. Click on theend Conditiortab
f. UnderDirection 1, set theTypeto Upto Face
g. Select theoutside diameter as shown

End Condition

Profile : | All v
Direction 1
Type [ Upto Face > !
CW Face-2
&b [om g [%

[] Direction 2
Type :| Biind

Wall

C-_ Odeg = ij

Wrapped dia : Bdttom v

When defining a 2.5 axis slot feature there are open air segments to the profile geometry and closed
material surfaces. The opair edges are generally defined automatically from the selected geometry.

The sameéhing is generally true with 4 Axis Wrapped feature but in certain cases we may have to edit
the openair condition on the profiles edges manually.

This is controlledn the Edit Profile tab of the Wrapped Feature Property manager. We have a list of all
the profiles in the feature being defined. The icon next to the profile tells us whether an edge is open or

not. By selecting any profile, we can change the egiercondition but toggling on or off the OpeXir
button.
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Feature :

Segments

Wrapped Slot1 [Rough]

Profile Segments:

I: Curve 0
: Curve 1
[ curve 2
[ curved

Edit Profile

S

" Curve 1 =Open Air
[ Curve 2 = Closed

h. Click on theEdit Profiletab and edit the segments and changing them to open air except

the edge next to materials shown

Edit Profile

Feature : | Wrapped Slot1 [Rough]

Segments
Profile Segments:

" Curve 0
" Curve 1 -
[ curve 2
: Curve 3

Vs

i. ClickOK to insert the feature

Up until now we have selected on part geometry to define our Wrapped features. We can also use 2D

sketches to define the wpped feature geometry.

On the currenipart, we see the wrapped feature at the top of the part. Part of its profile is broken by
the pocket. If we select on the faces of the part to define the wrapped feature, the resulting feature will
have extra edges. Waay want to have the tool move over the cut away pocket asnbi notthere.
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To do this, we will do the following in CAMWorks:

Unwrap the Feature GeometryCreate an unwrapped 2D sketch from:the wrapped feature geomet

using the Unwrap Faces/Edges to Sketch too in CAMWorks. This will automatically create a sketch in
SOLIDWORKS

Edit a 2D Sketch Modify the sketch to reflect the desired geometry
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Define the Wrapped feature from the 2D SketcHJsed the edited sketch to create the Wrapped
Feature

Important ¢ When using a sketch to define a Wrapped feature the sketch being used need to be a single
closed contour sketch that is created on a reference plane that is coincident to the rotarlf theése
criteria are not met, the sketch will not be listed on the list of available sketches

8. Insert Wrapped Pocket using sketch
a. Right Click on Mill Part Setupl andseléct wr ap Faces/ Edges to Sket
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@ CAMWorks NC Manager

[j--% Configurations

..... . Machine [Mill - Metric]

--JE] Stock Manager[6061-T6]

----- L. Coordinate System [Coordinate System 1]

-8 (Ml PartSetuE’
B%Hﬁ Pattern] Edit Definition...

[ Wrappe

]2 Wrapped SI .
..... ij Recycle Bin Recognize Local Features

Recognize Features

Sort features...

;ﬂ

Generate Operation Plan
Mill Part Setup...

2.5 Auis Feature...

Part Perimeter Feature...
Multi Surface Feature...
Wrapped Feature ...

Unwrap Faces/Edges To Sketch... %

Properties...

B TP

b. FortheSelected Face/Edgsslect on theshown face

c. Select thelop Planeas the reference plane
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d. ClickOK
e. Edit the unwrapped sketch on the SOLIDWO
shown

_
It may be @ o edit the sketch profile to make sure the sketch is a true ctodedr.
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