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Disclaimer  

Geometric Americas, Inc. makes no warranties, either express or implied with 

respect to this manual. Geometric Americas, Inc. reserves the right to revise and 

improve products as it sees fit, and to revise the specifications and information 

contained herein without prior notice. Due to continuing product development, 

specifications and capabilities described in this manual are subject to change 

without notice. 

 

Trademarks 

The following and other product names and corporate references herein are 

registered or proprietary trademarks of their respective owners. 

CAMWorks® is a registered trademark of Geometric Americas, Inc. 

All other brands and names are property of their respective owners. 
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Introduction  

About this course and manual  
This course is intended to teach the user how to use CAMWorks to create 4 and 5 axis 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 be a self-paced 

tutorial.  

Self-paced tutorials are available with every installation of CAMWorks. They are in C:\Program 

Files\CAMWorks20XXx64\CAMWorks_VC140\ lang\English\Manuals\Multiaxis_Tutorial.pdf. It is 

generally recommended to review this material before attending the course. 

Since it is hard to cover every minute detail of 4 and 5 axis machining in a short class time, this course 

with examine the fundamental skills and concepts needed for the successful use of CAMWorks. 

The case studies and Lab exercises in this course are intended to show you how to use CAMWorks to set 

up your files for 3+2 machining, wrapped, and Multi-Axis Mill operations and may not correspond to 

actual machining practices.  

It is recommended to use this course material as a supplemental to and not a replacement to the 

documentation and help files. 

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

¶ CAMWorks 2.5 axis training (SOLIDWORKS CAM Standard Training) 

¶ CAMWorks 3 Axis Essentials 

¶ Experience with Surface Modelling inside of SOLIDWORKS Design Software  

¶ 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 time to complete 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. The Case Study folder contains all the files the 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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Technology Database for this course  
This course was designed to be used with the default technology database that is installed with a new 

installation of CAMWorks. If a different technology database is used, some of the resulting toolpath 

might be different from the manual.  

Your instructor can provide you with a default technology database if necessary. 
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Lesson 1ñIntroduction to CAMWorks 4/5 Axis Programming  
Upon successful completion of this lesson, you will: 

¶ Understand the benefits of 5 axis  

¶ Understand the types of 5 axis machines and 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  
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Introduction to Course Material  
CAMWorks Multi Axis 4 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 as part of CAMWorks 4 and 5 

axis training: 

¶ 3+2 machining ς The part is machined 
using simple 2.5 and 3 axis operations 
such as drilling, rough mill or contour mill 
while the part or assembly will 
periodically rotate in the 4th or 5th axis to 
position the part to the machining 
direction. 

 

 
¶ Wrapped Toolpaths ς is a rough or finish 

milling operation that is applied to 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 radius 
cylinder, where the center line of the 
cylinder is the same as the axis of 
rotation. 
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¶ 3 to 5 axis conversion ς CAMWorks 4/5 
axis machining includes a parameter in 3 
axis operations that allow the tool to tilt 
when collision is detected between the 
part and the tool holder. 

 
¶ 4/5-axis simultaneous ς this allow you to 

create toolpath across complex shapes. 
These toolpaths 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 rotary axes. This provides some distinct advantages over 3 axis milling. Here some benefits to 

using 5-axis: 

¶ Complex shapes with fewer setups ς 5 axis operations allow for the toolpath to cut in areas that 

cannot be reached using 3 axis milling strategies.  

¶ Better Accuracy ς because of there being less setups there is less chance for error so better 

accuracy can be achieved. 

¶ Better Surface Finish ς 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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¶ Longer Tool Life ς 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 for higher 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 varieties that need to be accounted for when programming. 

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

4 Axis ς A rotary attachment can be mounted to 
the table of a 3-axis machine as the 4th axis. 
 

 
4 Axis Horizontal ς A horizontal milling machine 
will have a rotary table that the workpiece sits on 
either by itself or places on a tombstone fixture. 
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5 Axis Table/Table ς The 4th and 5th axes are 
attached to the table where the workpiece is 
mounted. 
 

 
5 Axis Head/Table ς One of the axes is attached 
to the table of the machine as the 4th axis, usually 
a rotary axis, and the 5th axis is attached to the 
spindle. 
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5 Axis Head/Head ς Both the 4th and 5th axes are 
attached to the spindle. This type of machine is 
most common with 5 axis routers and gantry type 
machines. 
 

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

 
 

User Interface  
CAMWorks User Interface is an extension to the SOLIDWORKS native Windows interface and behaves in 

much the same way. Here is a list of the important parts of the interface:  
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SOLIDWORKS Feature Manager Design Tree ς Displays all the features of the part or assembly file in 

SOLIDWORKS 

CAMWorks Feature Tree ς Displays the machinable features and setups of the part or assembly.  

CAMWorks Operations Tree ς Displays the machining operations of the part or assembly. 

CAMWorks Tool Tree ς Show the tool crib, or list of available tools in the part or assembly file. 

CAMWorks CommandManager Tool bar ς Contains easy access to the CAMWorks commands. 

CAMWorks Pull Down Menu ς Provides access to the CAMWorks commands 

CAMWorks Message Window ς 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 database, toolpaths can be automatically 

inserted based on the features. 

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

1. Model the part or assembly in SOLIDWORKS or CAMWorks Solids 

2. Select the CAMWorks Feature Tree  

3. Define Machine Controller Parameters 

4. Define the Part/Stock 

5. Define Machinable Features 

6. Generate Operation Plan 

7. Adjust Operation Parameters and Required 

8. Generate toolpath  

9. Simulate toolpath 

10. Post process 

11. Transmit file to the CNC 
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Case Study  ð Overview of the process to generate Multi -Axis toolpath  
In this case study, we will go through the process of creating Multi-Axis toolpath to generate NC code on 

a SOLIDWORKS Part.   

This case study will use an existing SOLIDWORKS Assembly file. While programming 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 that we can model in and simulate around the 

fixtures that is used to hold the workpiece to the table. 

1. Open Assembly 

a. Open the assembly file 010101_01.SLDASM in the é\Lesson 01\Case Study folder 

2. Select the CAMWorks Tab 

a. Click on the CAMWorks CommandManager tab and the CAMWorks Feature tree tab 

 

CAMWorks Feature Tree  

In the CAMWorks Feature manager tree there are the following icons: 
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Configuration Manager ς 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 ς Defines which machine tool, tools and post processor will be used for the part or assembly 

file.  

¶ Machine tab ς Selects the type of machine from a list of predefined machines. These machines 

can be customized and defined in the technology database 

¶ Tool crib tab ς Allows for the selection of a custom list of tools to be used on the part or 

assembly 

¶ Post processor tab ς Allows for the selection of the post processor 

¶ Posting ς Defines custom parameters for the part relative to the post processor 

Part Manager ς defines the parts to be machines. In assembly mode, we must define which parts we are 

defining toolpath on.  

Stock Manager ς Once a part is defined in the part manager the Stock manager allows us to define the 

initial stock or workpiece the part or assembly will be cut out of.  

 

Coordinate systemτUsed to define a coordinate system that can be used to define a Fixture Coordinate 

System 

Recycle BinτStores deleted features. CAMWorks does not use the CRTL+Z undo command to recover a 

feature after it have been deleted. Instead, it stores deleted features in the recycle bin to be restored 

later if needed. 

3. Define the machine 

a. Double click on the Machine[Mill ς Metric] icon to open the Machine definition 

dialogue 
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b. Click on the Machine tab and under available machines, highlight Mill 5 axis ï Metric 

and click on the Select button 

 

c. Click the Tool Crib tab. Make sure Tool Crib 2 (Metric)  is the active tool crib.  

 

d. Click the Post Processor tab. Select the M5AXIS -Tutorial  as the active post processor 

 



Rob
o C

ha
lle

ng
e 2

02
2

Lesson 1τIntroduction to CAMWorks 4/5 Axis Programming, Case Study ς Overview of the process to generate Multi-Axis toolpath 

19 | P a g e 
 

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 defining the following 

items: 

¶ Fixture Coordinate System (FCS) ς The FCS is typically the home point of the machine where the 

G Code is based off. It can also be a reference point that defines the direction of the home axes 

of the machine while having the G-Code based off a work coordinate system.  

 

In part mode, the Fixture Coordinate System is optional for 2.5-axis and 3-axis milling. In 

Assembly mode, it is required for the definition of the direction of the axes. It is also required 

for 3+2 machining as it is used to define 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 Setup tab of the Machine definition dialogue box 

 
 

 
 

¶ Setup indexing type and limits ς Setting up the indexing type and limits is set on the Setup tab. 

Here, we define the type of indexing used for positioning. The three options are None, 4 Axis, 

and 5 Axis. 

 

We can also set the limits of each axis. This will keep the tool orientation 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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¶ Rotary axis ς The Rotary Axis tab defines around which axis is the fourth axis. 

 

¶ Tilt Axis ς The Tilt Axis tab defines around which axis is the fifth axis. 

 

4. Machine definition for Multi -Axis 3+2 machining 

a. Click on the Setup tab 

b. Set Indexing to 5 Axis 

 

c. Define the Fixture Coordinate system. Click on the Define button 
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If a Fixture coordinate system has already been defined for the part or assembly file, there will be an 

Edit button instead of a Define button.  

 

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

In the Fixture Coordinate System Property Manager there are two methods that can be selected: 

 

¶ User defined ς The position and direction of the fixture coordinate system are defined based on 

the settings in the Fixture Coordinate System property manager dialog 

¶ SOLIDWORKS Coordinate System ς The position and direction of the fixture coordinate system 

are defined by a pre-existing SOLIDWORKS Coordinate System.  

When the User Defined method is selected, the Origin section defines the position of the Fixture 

Coordinate System. This can be done with one of the following choices: 
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¶ Entity ς SOLIDWORKS geometry is selected from the graphics area 

¶ Part bounding box vertex ς A point is selected from either a vertex or center face of the 

smallest box that fits around the part. 

¶ Stock bounding box vertex ς A point is selected from either a vertex or center face of the 

smallest box that fits around the Stock. 

 

d. Under Method, select User Defined 

 

e. For the Origin, select the Entity radial button 

f. In the graphics area, select the sketch point from the SOLIDWORKS assembly Sketch2 
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Under the Axis section of the Fixture Coordinate System property manager there are three options that 

are used to define the direction of the FCS axes. By highlighting these fields, we can select geometry on 

the graphics area to define direction. The following geometries can be used: 
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¶ Flat Face/Plane ς selecting a flat face or SOLIDWORKS reference plane will define the direction 

normal to that face. Once a face is selected, the Reverse Direction icon will change the direction 

of the Axis 

  

¶ Edges/Axis ς selecting a straight edge of a model or a SOLIDWORKS reference axis will define 

the axis direction along the edge selected. The Reverse Direction icon will change the direction 

of the Axis 

 
 

 

¶ Cylindrical/Conical surface ς Selecting a cylindrical or Conical surface will define the axis 

direction along the axis of the cylindrical or conical surface. The Reverse Direction icon will 

change the direction of the Axis 
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¶ Circular edge ς A selected circular edge can be used to define the direction of the Fixture 

Coordinate System. The FCS direction will be normal to the plane on which the circular edge lies 

 

   

g. Set the FCS Axis direction by highlighting the Z axis field in the Fixture Coordinate 

System property manager and selecting the shown face from the assembly in the 

graphics area in SOLIDWORKS. Notice the origin preview Z axis changes direction when 

the face is selected 
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h. Under Options, click on the Create SW Coordinate Systemé option. This will place a 

SOLIDWORKS coordinate system in the SOLIDWORKS Assembly Manager tree. 

 

i. The Create SOLIDWORKS Coordinate system box will appear. Click on the Assign a 

coordinate system checkbox and click OK . 

 

j. The property manager for the Fixture Coordinate System will be updated so the Method 

is SOLIDWORKS Coordinate System and the selected coordinate system is the new 

SOLIDWORKS coordinate system that was just defined. 
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k. Click OK  

5. Set the Rotary and Tilt axes 

a. Click on the Rotary Axis tab 

b. Set the Rotary axis to Z axis 

c. Check on the Reverse direction checkbox 

d. Set the Rotation direction to Both 

 

e. Click on the Tilt Axis tab 

f. Set the Tilt axis to X axis 

g. Check on the Reverse direction checkbox 

h. Set the Rotation direction to Both 



Rob
o C

ha
lle

ng
e 2

02
2

Lesson 1τIntroduction to CAMWorks 4/5 Axis Programming, Case Study ς Overview of the process to generate Multi-Axis toolpath 

28 | P a g e 
 

 

i. Click OK  

Since we are working in assembly mode, we need to tell CAMWorks which part we are machining. To do 

this we will edit the part manager. 

For assemblies with multiple instances of the same part, we would need to select all the parts we are 

wanting to program. 

For this Case Study, we will be only machine one of the parts 

6. Define the part to be machined 

a. Right click on the Part Manager and select Manage Partsé 

 

b. Select the 010101.SLDPRT in the graphics area or from the SOLIDWORKS assembly 

tree 
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c. Click OK  

The CAMWorks Feature Tree will now look like this: 

 

Under the Feature Manager Icon, we define the machinable features and setups 

Stock Manager ς By default, any parts defined in the part manager will have a stock automatically 

defined as the smallest bock that will fit around the part. The stock manager allows us to define the 

stock based on other components in the assembly. 

In part mode we have the option to define the stock using a bounding box, a predefined bounding box 

size, an extruded SOLIDWORKS Sketch, a cylinder an STL file or another part file.  

In Assembly Mode, we can also define the stock from another component part file in the assembly. 

For this case study, we will be using the SOLIDWORKS part option. 

 

7. Define Stock 

a. Double-click on the Sock Manager icon in the CAMWorks feature tree 
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b. For Stock Type, Select SOLIDWORKS part 

 

c. Select the transparent part file in the graphics area or select [Stock̂ 010101_01] from 

the SOLIDWORKS Assembly Tree 

 

d. Click OK  

e. In the SOLIDWORKS Assembly Tree, hide the assembly component [Stock^0101_01] 
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We are now ready to define the features on the part. Before we do this, we need set the option for 

automatic feature recognition so that AFR defines the desired features. 

CAMWorks options is accessed in one of two ways. On the CAMWorks toolbar, we can click on the 

CAMWorks Options icon.  

 

We can also go to the Tools pulldown menu, CAMWorks, and then Options.  
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The Mill Features tab controls how the 2.5axis features will be recognized. On this example we are 

concerned with a couple of these options. We will turn off the Part perimeter option. This will reduce 

the number of extraneous features that result from AFR. 

8. Set the AFR options 

a. Go to the CAMWorks Options, Mill Features tab 

b. Under Extract machinable features, uncheck Face and Part Perimeter 

 

c. Click OK  

9. Define Machinable Features 

a. Run AFR 

 

b. The following features are recognized 
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c. Change the strategies of the Irregular Slots to Rough Finish.  

 

We can use the Default Feature Strategies tool to change the strategy. This can be an easy way to 

change the strategies for multiple features at one time 

On the CAMWorks CommandManager Toolbar click on the Default Feature Strategies. 
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Before closing the dialogue, click on the Apply button to change the strategy. 

Interactive Feature Definition in Assembly mode 

We will use a multi axis operation to cut the top portion of this part. To do that, we will need to define a 

multi-surface feature for the operation.  

When using Multi Surface operations on parts with multiple setups, it is recommended that we define 

all multi surface operation on a Mill Part setup that it normal to the Fixture Coordinate system. If the 

Mill Part setup is at a different orientation, the generated G-Code could generate incorrectly. 

Since running AFR did not generate a Mill Part setup at the correct orientation, we will need to manually 

define this Mill Part Setup in the CAMWorks Feature Tree 

This can be done from clicking on the Setup flyout menu, then click on the Mill Setup tool on the 

CAMWorks CommandManager toolbar or by right clicking on the feature manager icon under the part 

icon under the part manager. 
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10. Insert Mill Part Setup 

a. Right Click on Feature manager and select Insert Mill Part setup 

b. For the Reference plane select Top Plane@CWPart 

c. Click on the Reverse direction checkbox 

d. Click OK  

 

11. Insert Multi Surface Feature 

a. Right click on Mill Part Setup3 and select Multi Surface Feature 
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b. For the Feature Type, select Faces or Surfaces 

c. For Strategy, select 5 Axis 

d. Select the shown faces 

e. Click OK  

 

12. Generate Operation Plan 

13. Adjust operations 

a. Combine the Rough Mill and Contour Mill operations under Setup1 and Setup2 (Right 

Click on the Setup and select Combine operations) 
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b. Edit Multiaxis Mill1 

c. On the Pattern tab, set the pattern to Flowline Between Curves 

 

When using the Flowline between curves pattern we need to define the curves. These curves can be 

selected from the part geometry or SOLIDWORKS sketch entities.  

To define the Flowline curves, select the Upperé and Loweré buttons under the Pattern section of 

the pattern tab 
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d. For the Upper ... curve select the shown edge 

 

e. For the Lower curve select the shown edge 

 

f. Set the Max Stepover to 1mm 

 

g. On the Entry/Retract tab set the Clearance to Type: Plane in Z and Z:500mm 
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h. On the Links tab, change the Links between cuts Stepover > link threshold to Direct 

and the Entry/Exit method  to None 

 

i. Click OK  

14. Generate Toolpath 

a. Generate the toolpath for Multiaxis Mill1 and the operations under Setup1 and Setup2 

 

As mentioned before, it is not required to work in assembly mode when programming for 5-axis. All the 

above steps could have been done on the part file. The advantage of working in assembly mode is that 

we can have the fixturing visible as other components to use in the toolpath simulation. 

To be able to visualize the other assembly components in the toolpath simulation, we will need to 

define these components as fixtures. This is done by editing the definition of the Setup on the 

CAMWorks Operation tree., 

If there in more than one setup, unless we are using the fixture 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 on Setup1 and select Edit definition . Alternatively, we can double-click on 

Setup1 

b. Click on the Fixtures tab 

c. Select on the shown part 

 

d. Click OK  

16. Simulate Toolpath 

a. Simulate the toolpath by clicking the Simulate toolpath icon on the CAMWorks 

property manager toolbar, or, right clicking on the machine and selecting Simulate 

toolpath 

 

 

b. Click the Run button in the Simulate Toolpath Property manager 
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c. Click OK  

17. Save Assembly 
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Exer cise 1 ð 5-axis workflow  
Use the CAMWorks workflow to setup a part for 5 axis machining 

 

This lab exercise will reinforce the following skills: 

¶ Define machine, stock, and coordinate system for 5 axis machining and 3+2 machining 

¶ Insert Mill Part Setup and Multi Surface Feature for Multi-Axis operation 

¶ Insert and edit multi axis machining operation 

¶ Generate and simulate toolpath 

Procedure: 

1. Open Part 

a. Open 5_AX_Cavity.SLDPRT from the . . .\Lesson 01\Exercises folder 

2. Define Machine 

a. Use the following parameters 

i. Machine: Mill 5 axis ï Metric  

ii. Tool Crib: Tool Crib 2 (Metric)  

iii. Post Processor: M5Axis-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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iii. Axis: Select the shown face 

 

iv. Click OK  

b. Set the Setup Indexing to 5 Axis 

c. Set the Rotary Axis: 

i. Rotary axis is: Z axis 

ii. Check on the Reverse direction checkbox 
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d. Set the Tilt Axis: 

i. Tilt axis is: X axis 

ii. Check on the Reverse direction checkbox 

iii. Set the Rotation direction: Both 

 

e. Click OK  

4. Define Stock 

a. The following parameters should be used to define the stock in the Stock Manager 

i. Material: 6061 -T6 

ii. Stock Type: Part file 

iii. Solid Model: Current part  

iv. Configuration: Stock 
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b. Click OK  

5. Define Features using AFR 

a. Run Automatic feature recognition 

 

6. Define Multi Surface Feature using IFR 

a. Insert Mill Part Setup using the Top Plane 

 

b. Insert new Multi Surface Feature 

i. Feature Type: Face or Surfaces 

ii. Strategy: 5 Axis 

iii. Selected Faces: Select shown faces 
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iv. Click OK  

7. Generate and sort operations 

a. Generate operation plan 

b. Sort Operations 

i. Process tab: Strategy: By and across setups 

 

ii. Sort tab: Click Apply   
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iii. Click OK  

8. Modify Multi Axis Operation 

a. Edit Multi Axis Mill1 and set the following parameters 

b. Pattern Tab: 

i. Pattern: Flowline Between Curves 

ii. For UpperΧ, in the Curve Wizard, select the top face of the part 

  

iii. For [ƻǿŜǊΧ, in the Curve Wizard, select the show edges 

 

iv. Direction: Pattern: Zig 

v. Check on Maintain cutting direction  

vi. Limits: Method: Avoid Cuts At Exact Edges 

vii. Surface Finish: Max. stepover: 1mm 
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c. Entry/Retract tab: 

i. Lead in move Method: None 

ii. Leadout move Method: None 

iii. Clearance Type: Plane In Z 

iv. Z: 50mm 

v. Distances Rapid Length: 15mm, Feed length: 5mm 

 

d. Click OK  

9. Generate toolpath 

a. Generate toolpath for all operations 
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10. Simulate toolpath 
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Lesson 2ñ3+2 Axis Programming, 3 to 5 Axis Conversion , and 

Wrapped Features  
Upon successful completion of this lesson, you will be able to: 

¶ Setup up and assembly/part file for 3+2 axis machining 

¶ Use 3 to 5 axis conversion on a 3-axis operation for holder avoidance 

¶ Insert a 4-axis wrapped feature and operation 
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This lesson covers the operations and setup procedures for the multi-axis functionality in CAMWorks 

that does not include the Multi Axis operation type but would still be used in 4 and 5 axis programing. 

There are three parts to this lesson: 

¶ 3+2 axis programing ς Anytime there is more than one setup for 2.5 and 3 axis operations on a 

part or assembly file and it is intended that the part or tool reorient to each setup in the CNC 

program, this is 2+3 machining. 

¶ 3 to 5 axis Conversion ς There is a parameter in 3-axis operations that will check the holder 

avoidance and tilt the tool. 

¶ Wrapped and operations ς This is a 4-axis operation where the part rotates around a rotary axis 

and the tool is perpendicular to that axis 
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Case Study ð 3+2 axis Machining  
The topics covered in this Case study were briefly covered in the Lesson 1. In this lesson, we will go into 

more detail on how to setup and program a Part or Assembly file with 3+2 

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

1. Open Assembly 

a. Open the assembly file 020202_01.SLDASM in the é\Lesson 02\Case Study folder 

2. Define the machine 

a. Click on the CAMWorks Feature tree tab 

b. Edit the Machine Definition 

c. On the Machine tab, Select Mill 5 axis ï Metric as the machine 

d. On the Tool Crib tab, select Tool Crib 2 (Metric)  

e. On the Post Processor tab, select 

C:\CAMWorksData \CAMWorks2022x64\Posts\M5AXIS -TUTORIAL.ctl  as the post 

processor 

3. Define the Fixture Coordinate System 

a. Click on the Setup tab 

b. Under Fixture Coordinate system, select the Defineé button 

 

Alternatively, the Coordinate System icon in the CAMWorks Feature tree can be used to define the 

fixture coordinate system.  

We can edit the coordinate system by double clicking on the icon or by right click on the Icon and 

selecting Edit Definition 

 

c. Under Method, select User Defined 

d. Under Origin, select Entity   

e. For the entity, select the sketch point of the assembly Sketch1 as shown 
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f. For the Axis, select the shown face in Z  
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g. Click OK  

4. Define the Rotary and Tilt Axes 

a. On the Rotary Axis tab, set the Z axis to be the rotary axis 

b. Check on the Reverse direction checkbox 

 

c. On the Tilt Axis tab, set the X axis to be the Tilt axis 

d. Check the Reverse direction check box 

e. For Rotation Direction select Both 

 

f. Click OK  

5. Define the part to be machined 

a. Double-Click on the Part Manager icon in the CAMWorks Feature tree or Right-Click on 

the Part Manager icon and select Manage Partsé 

b. Select the shown part file in the graphics area 
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c. Click OK  

6. Define the Stock 

a. Edit the stock manager 

b. For the Stock Type select SOLIDWORKS Part  

c. Select the shown part as the solid model 
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d. Click OK  

7. Define Machinable Features 

a. Open CAMWorks options and go to the Mill Features tab 

b. Under Extract Machinable Features, Feature types, uncheck Part Perimeter 

 

c. Under the Hole recognition options set the Max diameter to 20mm 

 

d. Click OK  

8. Run Automatic Feature Recognition 

a. Run Automatic Feature Recognition 

 

b. Clean up the features by doing the following: 

i. Click on the Default Feature Strategies icon 
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ii. Change the Default strategy for Rectangular pocket and Circular Pocket to 

Rough-Finish 

 

iii. Click Apply  and then Close 

9. Generate Operations 

a. Click on the Generate Operation Plan icon 

b. Combine the Rough Mill and Contour Mill operations  

Combining operation will place multiple features using the same tool and operation parameters under 

the same operation. Combining operations will shorten the list of operations in the CAMWorks 

operation tree, making it easier to manage. 
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We can right click on the setup and select Combine Operationsé from the menu. In the Combine 

Operation dialogue box check the operation types we want to combine. When we click OK CAMWorks 

will automatically combine any operations in that setup that are using the same tool 

 

 

c. Right click on the Machine icon in the operations tree and select Combine 

Operationsé 

d. In the Combine Operation box check on the Rough Mill and Contour Mill checkboxes 

e. Click OK  

Next, we will adjust the Mill Part setup parameters to work with our machine. This includes defining the 

origin for each setup, setting the work coordinate offset, and defining the rotary and tilt angles that the 

machine will follow to orient the tool to the workpiece. We will tell CAMWorks which assembly 

components are used as fixtures 

Tilted Work Plane  
It is important to know how the controller on the machine handles the tilted work plane. Many 

controllers will use a command that rotates the work plane on the machine or places the Z direction 
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perpendicular to the setup and allow us to program as if we were on the G17 plane. This results in 

shorter G Code programs because we can use G02/G03 instead of having the tool move to X, Y, Z points 

 

We also edit the mill part setup to define the pair of angles the 4th and 5th axis can move to for the 

correct orientation. There are usually a couple of orientations, or angle pair that the 4th and 5th axes can 

be at. The images below show example of different angle pairs applied to the machine.  
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This is assigned on the Indexing tab of the setup parameters dialog 

10. Define origin  

a. Edit Setup1[Group1]  

b. Click on the Origin tab 

c. Under the Setup origin click select Fixture coordinate system 

 

11. Define Work Offset 

a. Click on the Offset Tab 

b. Under Work coordinate offset click on Work Coordinate 

c. Type is 54 under the Start value column 

d. Click on the Assign button 
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12. Set the indexing angle 

a. Click on the Indexing tab 

For this setup, the assigned angle will be 0deg, Rotary and 0deg tilt.  

 

When we set this for the other Mill Part Setups, we can select the angle pair for the setups. This is done 

by selecting which angle from the Possible angle pairs list and clicking on the Select button at the 

bottom. 

 

13. Define the fixture 

a. Click on the Fixtures tab 

b. Select the shown part in the graphic area 

c. Check on the Avoid checkbox 
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With the avoid check box checked, CAMWorks will use the footprint of the selected component to 

define an avoid area for any operations in that setup. This current setup will not show much difference 

with this option selected. In other setups, the avoid checkbox with apply an avoid area to prevent 

collision: 
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14. Edit the definition for all Setups 

a. Origin tab: Set the Origin to the Fixture Coordinate System on all Setups 

b. Offset tab: Set the Work coordinate offset to Work Coordinate 54 

c. Indexing tab: Set the following angles for each setup 

i. Setup2[Group]: First Rotation: 0deg, Rotary, Second Rotation: 90deg, Tilt  

 

ii. Setup3[Group3]: First Rotation: 180deg, Rotary, Second Rotation: 90deg, Tilt  

 

iii. Setup4[Group4]: First Rotation: -90deg, Rotary, Second Rotation: 90deg, Tilt  

 

iv. Setup5[Group5]: First Rotation: 90deg, Rotary, Second Rotation: 90deg, Tilt  
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d. Fixture tab: Select the fixture part and check the Avoid checkbox as described above 

e. Click OK  

15. Sort Operations 

a. Click on the Sort Operations icon on the CAMWorks CommandManager toolbar 

 

b. On the Process tab, select By and across setups 

 

c. On the Sort tab click Apply  

 

d. Click OK  

16. Generate Toolpath 

17. Simulate Toolpath 
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Case Study ð 3 to 5 Axis Conversion  
CAMWorks can utilize 5 axis capabilities to avoid holders on 3 axis operations. This case study shows 

how to enable the 3-to-5 axis command for that purpose. 

1. Open part 

a. Open 3 to 5 axis Piston.SLDPRT in the \Lesson 02\Case Study folder 

b. Click on the CAMWorks Feature tree, the machine, stock and machinable features have 

previously been defined 

c. Click on the CAMWorks Operation Tree 

2. Simulate toolpath 

a. Click on the Simulate Toolpath icon form the CAMWorks CommandManager toolbar 

b. In the Simulate Toolpath Options, set the Tool Holder to Pause on collision 

 

c. Run the simulation and note the warning message from CAMWorks that happens on the 

constant stepover operation 

 

d. Click OK  
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3-to-5 axis conversion  
When the Convert to 5 Axis option is checked, the tool will tilt  to overcome the collision of holder with 

the feature being machined and avoid areas, if defined in the operation. If the Tool/Holder cannot be 

tilted to avoid a collision, the areas of the toolpath resulting in collision will be deleted. Though not 

supported in regular 5 Axis machining, Avoid allowance is supported in Convert to 5 Axis functionality 

for all Avoid features and clamping fixtures. 

 

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

¶ 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: 

¶ The Enable checkbox option within the Holder Avoidance group box is checked 

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

¶ The post processor selected can post process 5 Axis toolpaths 

¶ Your CAMWorks license has been configured with the '5X Mill' module (required to generate 5 

Axis operations and toolpaths) 

 

3. Edit Constant Stepover operation 

a. Edit Constant Stepover1 

b. Click on the Advanced tab 

c. Under holder avoidance, click on the Enable checkbox 

d. Click on the Convert to 5 axis checkbox 
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e. Click OK  

4. Generate Toolpath 

a. Generate toolpath 

5. Run toolpath simulation 

a. Run toolpath simulation with the Tool Holder set to Pause on collision in the toolpath 

options 
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Case Study ð Wrapped toolpath  
A wrapped toolpath can be applied to a part that is set up for 4 axis machining. Wrapped toolpaths use 

the same toolpath calculation algorithms as the 2.5 axis operations. They also use the same technology 

database entries.  

Wrapped toolpaths are generated from Wrapped features that are interactively generated. To insert 

wrapped features, the part/assembly must be setup correctly. This case study shows how to set up a 

part file to allow for wrapped features to be created. 

1. Open part 

a. Open 4AX_Wrap.SLDPRT from the \Lesson 02\Case Study folder 

b. Click on the CAMWorks Feature tree tab 

2. Define the Stock 

a. Edit Stock Manager 

b. For Stock Type, select Extruded Sketch 

 

c. For the Extrude Sketch, select the SOLIDWORKS sketch named Stock 

 

d. Set the end condition to Offset face and select the front face of the part as shown 



Rob
o C

ha
lle

ng
e 2

02
2

Lesson 2τ3+2 Axis Programming, 3 to 5 Axis Conversion, and Wrapped Features, Case Study ς Wrapped toolpath  

70 | P a g e 
 

 

In order to define 4 axis wrapped features in CAMWorks, the part must be set up correctly. To do this 

the following criteria must be in place on the part file: 

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

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

the Machine dialog box. 
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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 System 
must be selected to define the Rotary, or 4th, axis. 
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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 concentric with the 4th axis. 

 
 

3. Define the machine 

a. Edit Machine definition 

b. On the Machine tab, select Mill 4 axis ï Metric as the machine 

c. On the Tool Crib tab, select Tool Crib 2 (Metric)  

d. On the Post Processor tab, select 

C:\CAMWorksData \CAMWorks2022x64\Posts\M4AXIS-TUTORIAL.ctl  as the post 

processor 

e. On the Setup tab, set the Indexing to 4 Axis 

 

f. Click Define to define the fixture coordinate system 

g. For the Method, select SOLIDWORKS Coordinate System 

h. Select Coordinate System1 from the Available Coordinate Systems 

i. Click OK  
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j. On the Rotary Axis tab, set the Rotary Axis is to X axis 

k. Set the Rotation direction: to Both 

 

l. Click OK  

4. Define new Mill Part Setup 

a. Select the Top Plane from 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. Click OK  

5. Define Machinable Wrapped Features 

a. Right click on Mill Part Setup1 and select Wrapped Featureé  

b. Or, after selecting on the Mill Part Setup1 click on the Feature icon in the CAMWorks 

2022 CommandManager Toolbar and then Wrapped Feature 

  

 

If the previous steps were not done 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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Likewise, the Wrapped Feature option will be missing from the Feature icon on the CAMWorks 

CommandManager toolbar 

 

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 features that can be defined 

Wrapped Pocket 

 

Wrapped Boss 
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Wrapped Slot 

 

Wrapped Open Profile

 
Wrapped Engrave 

 

 

Profile Tab ς this tab defines the feature perimeter profile 

End Condition Tab ς Defines the end condition for the feature profiles 

Edit Profile Tab ς On Wrapped Slot features, this tab allows us to define which edges are open air vs 

material  

c. For Type, select Wrapped pocket 

d. For Strategy, select Rough-Finish 

 

e. Select the shown face 
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f. Click on the End Condition tab 

g. Under Direction 1 select the shown face to define the end condition 

 

h. Click OK  

6. Pattern the Wrapped Pocket Feature 

a. Right Click on Wrapped Pocket1 and select Pattern, Create Patterné 

b. Set the pattern Type to Circular Pattern  
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c. Select the outside diameter face of the part as the reference axis to pattern around 

d. Click on the Total distance icon 

e. Set the number of instances to 3 

 

f. Click OK  

7. Insert new Wrapped Slot Feature 

a. Insert new Wrapped Pocket feature by right clicking on the Mill Part Setup1 and 

selecting Wrapped Featureé 

b. For Type select Wrapped Slot 

c. For the Strategy, select Rough 

d. Click on the shown face for the selected profile 



Rob
o C

ha
lle

ng
e 2

02
2

Lesson 2τ3+2 Axis Programming, 3 to 5 Axis Conversion, and Wrapped Features, Case Study ς Wrapped toolpath  

80 | P a g e 
 

 

e. Click on the End Condition tab 

f. Under Direction 1, set the Type to Upto Face 

g. Select the outside diameter as shown 

 

When defining a 2.5 axis slot feature there are open air segments to the profile geometry and closed 

material surfaces. The open-air edges are generally defined automatically from the selected geometry. 

The same thing is generally true with 4 Axis Wrapped feature but in certain cases we may have to edit 

the open-air condition on the profiles edges manually. 

This is controlled on 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 open-air condition but toggling on or off the Open-Air 

button. 
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h. Click on the Edit Profile tab and edit the segments and changing them to open air except 

the edge next to material as shown 

 

i. Click OK  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 wrapped feature geometry. 

On the current part, 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. We may want to have the tool move over the cut away pocket as if it was not there. 



Rob
o C

ha
lle

ng
e 2

02
2

Lesson 2τ3+2 Axis Programming, 3 to 5 Axis Conversion, and Wrapped Features, Case Study ς Wrapped toolpath  

82 | P a g e 
 

 

To do this, we will do the following in CAMWorks: 

Unwrap the Feature Geometry - Create an unwrapped 2D sketch from the wrapped feature geometry 

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

SOLIDWORKS 

 

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

Feature 

 

Important ς 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 rotary axis. If these 

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 Setup1 and select Unwrap Faces/Edges to Sketché 



Rob
o C

ha
lle

ng
e 2

02
2

Lesson 2τ3+2 Axis Programming, 3 to 5 Axis Conversion, and Wrapped Features, Case Study ς Wrapped toolpath  

84 | P a g e 
 

 

b. For the Selected Face/Edges select on the shown face 

 

c. Select the Top Plane as the reference plane 
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d. Click OK  

e. Edit the unwrapped sketch on the SOLIDWORKS feature tree and modify the sketch as 

shown 

 

It may be necessary to edit the sketch profile to make sure the sketch is a true closed contour. 
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