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Fundamentals of the CAM Workspace Using
Fusion360: Learn 2D and 3D Toolpaths

Kevin Lee
LeeVerage Integration Inc.

Learning Objectives

e Discover a CAM setup by defining stock size and establish a work coordinate
system
Learn how to apply 2D toolpath operations by learning how to select geometry
¢ Understand geometry-driven toolpath operations by applying 3D strategies
Learn how to verify toolpaths with stock simulation, output setup sheets, and
postprocess G-code

Description

This class will focus on the fundamentals of Fusion 360 CAM software for both new and current
users, by understanding workflows in the CAM workspace through job setups creation, stock
definition, and work coordinate systems alignment. We will demonstrate how simple and easy it is to
use Fusion 360 CAM by applying 2D toolpath operations with geometry selections that drive them
and learning how geometry-based toolpaths can be applied using 3D operations. Class attendees
will learn how to verify toolpaths with full stock simulation, create setup sheets, and postprocess G-
code for their machines. These foundational concepts will help new users understand the benefits of
truly integrated CAD/CAM using Fusion 360 to seamlessly update all toolpaths when CAD revision
or design changes are required. This class will help you learn how to make anything with Fusion
360.

Speaker

Kevin Lee Managing Director
LeeVerage Integration Inc.

Kevin is an innovative entrepreneur specializing in advanced manufacturing solutions using
integrated CAM technologies. He provides leadership and experience as managing director of his
own company LeeVerage Integration Inc. located in southwestern Ontario, Canada.

LeeVerage Integration Inc. is a specialized business dedicated to providing CAD/CAM/CNC
manufacturing solutions and professional services for its diverse clients.

Kevin’s focus on integrated cad/cam solutions provides guidance to the firm and its clients looking
for innovative technologies that deliver competitive advantage with long term sustainability. Kevin
extends his knowledge and experience to his local college where he is a part-time professor
teaching students cnc machining with gcode programming and cad/cam applications.
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Inteqgrated CAM with Fusion 360
12 Steps

There are many advantages to integrated CAM. It allows for seamless integration of parametric
CAD designs with toolpath CAM regeneration that will improve your workflow.

With leveraging either native CAD files imported into Fusion or parametric Fusion designs with
in the modeling work space it allows for easier and faster CAM revision updates that increase
efficiencies and reduces multiple extra steps during this manufacturing process.

Below are 12 basic steps that you can follow to help you get started with integrated CAM using
Fusion 360.
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Step 1: Create a Setup in the CAM Workspace:

To start, enter the CAM workspace and begin creating a setup by selecting the model that will
be machined and define the rough stock size and work coordinate system, known as the WCS.

Select the part model body that you would like to create toolpaths on. Define the WCS
orientation (blue, green, red arrow) by selecting the base of the blue arrow and then select top
surface of the part. This sets the Z axis orientation of the NC program. Pick the blue aero head
to flip the direction of Z positive if necessary.

Under Origin drop down box, select stock box point and mouse click on a white dot to place the
X &Y origin of the NC program. Next, select the “Stock” Tab to select fixed size box having X
width (7.25”) Y depth (6”) Z height (2.25”).

As an option, you can add a 0.25” for the “Round up to nearest” to round the nominal stock size
to match something that would be easily available from material suppliers.
Approve the Setup by selecting OK.

To create toolpaths, it needs to be understood that every toolpath is simple and easy to learn
and navigate with the 5 tabs of information that control the parameters of toolpaths.

The 5 tabs are known as Tooling, Geometry, Heights, Passes, and Linking tabs that allow for
specific parameters to be set within them.
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Step 2: Create a Facing Operation

Under the 2D CAM menu select Face toolpath. In the Tooling tab, select a 2” facing tool from
the sample library and click OK.

Fusion automatically creates the facing toolpath and understands the stock limitations as
defined in the setup.

You can right click on the facing operation to modify other specific parameters like the Pass
Direction. Note, when you pause the mouse over a parameter box a tool tip fly out will appear
explaining what the parameter setting controls in the toolpath.
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Step 3: Create a 2D Adaptive Roughing Operation

Under 2D CAM menu, select a 2D Adaptive Clearing toolpath strategy. In the tooling tab, select
a 1/2” flat endmill from the sample library.
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In the geometry tab, select the 2 inside edges on the upper open pocket. These edge
selections automatically define the toolpath depth as selected in the Heights tab. In the 4™ tab
“Passes”; turn on “Stock to Leave” with 0.010” radially and axially stock to leave. We can set our
“Optimal Load” and enable both ways adaptive strategy.
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Step 4: Duplicating Operations

Now to build on our work we can save programing time by leveraging this roughing operation to
rough away material on other part model features.

Right click on your adaptive operation and select duplicate or Ctrl D on your keyboard. In the
duplicate operation under the Geometry Tab reselect the outer edge profile of the part to rough
away the material on the outside of the part.
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Once complete, we can duplicate the 2D adaptive operation once more so we can rough
material away on the internal bore and exterior tab features on the model all with one toolpath.

Select these 3 edges on the model.

F
W Bearing ..CAMV20* %

B- H « ~- © O reiteer @+
(B @ 5| [ — [
o~ B 2B & = ¥ BAE =

@ 20ADAFTVE 20 ADAPTVEZ
¥o0H
v Geometry Linking

] O stock Contours

B

/ O wrap Toolpatn

@ Tool Orientation

Fundamentals of the CAM workspace using Fusion360



If we enable depth cuts and ramp taper angle parameters, toolpath should look like below.
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Some parameters worth noting are the Multiple Depths in the “Passes” Tab and Ramp Taper
Angle found in the “Linking” Tab.
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Step 5: Create a Finish Bore Operation

We can use a 2d Bore operation to machine the counterbore features on this part. Use this bore
operation for milling of cylindrical pockets and islands by selecting the cylindrical geometry
directly. The heights and depths are automatically derived from the selected geometry, so that
varying geometry can be machined in a single operation.

In the 2D cam menu select Bore operation.
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Select a /4” Endmill from the sample library, select the four cylindrical counter bore faces and
adjust the helical pitch to 0.025” found in the passes tab.
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Step 6: Create a Geometry-driven 3D “Horizontal” toolpath Strategy

Fusion 360 cam toolpaths are geometry driven from the model. As we have created some 2D
toolpath operations we had to select edge geometries to drive them. The advantage of using
3D toolpath operations is that they are geometry driven from the model and allow us to control
them in specific areas by defining machining boundaries.

Under the 3D CAM menu, select the Horizontal toolpath strategy. In tooling tab, select the 1/2”
flat endmill.

The Horizontal toolpath strategy automatically detects all the flat areas of the part and clears
them with an offsetting toolpath. If the flat area is shelved above the surrounding areas, the
cutter moves beyond the flat areas to clean the edges.

Select a /2" Endmill from your tool library and OK to confirm for toolpath generation.
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Step 7: Create a Finish Contour Operation

This 2D toolpath operation creates toolpaths based on a 2d contour. Contours can be open or
closed and can be on different Z levels, but each contour is flat (2D). You can choose multiple
roughing and finishing passes and multiple depth cuts for any contour.
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Select all six 2d contour edges that require finishing as shown below. Turn on multiple depths
set to 0.5” and enable radius wear compensation under compensation type drop down menu.
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The finish contour operation should look similar to the image below.

F
W Bearing ...CAMv21 - X

H5H B H & ~- ® O rxemieer @
SETUP* 20 30T DRLLNG™ MULTLAXS™ TURNNG™ CUTTNG™  ACTIONS™  WSPECTY = MANAGEY  ADD-NS™ _ SELECT™
« BROWSER o :
A4 9 (B Bearng Mountng Plate CAM v21 k‘
O unse

D E] CAMNamed Views

D @ (B camcomponentt

4 [, 5etp2,2) IWork offset=0e., . ©
D

)

D @ Setp2WorkoffsetDefaut] O \
[T1] Face3 (2" Face Ma) l

(T3] 20 Adaptive2

[T3) 20 Adaptive2 (2)

e

(73] 2D Adaptive2 (3)

{T4] Bore2

D
D
4
D
»
»

[73] 20 Contourd

‘‘‘‘‘‘‘‘‘

Step 8: Create a Drilling Operation

Create a new drilling operation under the drilling drop down and select a '4” drill from the
sample library.
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In the geometry tab select a cylindrical face of one hole and enable the “Select Same Diameter”
parameter in the geometry tab. With this enabled, a single selection can detect all matching
holes. In the heights tab, enable “Drill Tip Through bottom” and select Ok to confirm toolpath.
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Step 9: Deploy a Strateqgic Spot, Drill, Tapping “Template”

Leverage Fusion 360 templates to quickly deploy strategic toolpath operations. Templates are
pre-recorded toolpath operations that can be saved with a uniqgue name and be re-deployed on
new parts that need similar toolpath operations programmed.

Using templates in the Fusin 360 Cam workspace can be the “Game changer” that will help you
automate some of your programming operations.

To deploy a prerecorded template, right click on your active setup and select create from
template. In the drop down menu select the template named “Tapping 0.500-13 Spot_Drill
Tap”.
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Once selected, the toolpath operations contained in the template will be added to your toolpath
operation order found in your setup. These 3 operations are “red flagged” showing that they
require geometry to be re-selected and to be regenerated.
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On each operation, move into the Geometry Tab and select the cylindrical face of one hole.
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Note, by checking “Select Same Diameter” Fusion360 will select all the holes with the same
diameter as the currently selected face. Select OK to complete operation for regeneration.

Select Same Diameter
Check to select all holes with the same diameter as the currently select feature.

: 1f you activate this option, select a single 6mm hole and a single 12mm hoe,
every 6mm and 12mm hole on the part will automatically be selected.

e
&

A single selection can detect matching holes.

Note: This option s associative to the model. If additional holes with the same diameter
are added to the mode!, regenerating the operation automatically includes the new
holes.

Repeat this face selection process in the geometry tab for both the pre-drill and tapping
operations.
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Step 10: Verify Toolpaths with Stock Simulation

With toolpath operations complete we can now Simulate them to verify there are no collisions.
There are two ways to access toolpath Simulation. You can right click on the setup itself or
select the Actions drop down menu to simulate toolpaths.

The Simulation menu has several parameters for controlling the visual simulation of the
toolpaths. Selecting “transparent stock” and toolpath mode set to “Tail” allows for a clean
simulation showing comparison between cad model and machined part.

Select the play button and simulate all toolpaths.
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With Simulation completed we can move to the Statistics tab in the Simulate menu to review
machining run time.
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Step 11: Create a Setup Sheet

Under the Actions drop down menu, select Create a Setup Sheet. Setup sheets generate an
overview of the NC program for the operator. It provides a screen capture of your setup, tool
data, stock and work piece position and machining statistics.

F
W Bearing..CAMV26 X

B OE H e« o~ ® O revnteer @
= = =
(B a Gl —_— O
w B HEB & % =2 ¥ EEH = @E =
SEVPT  20v 0T DRLLNGT  MULTIAXS®  TURNNG™  CUTTNG WSPECT | MANAGE®  ADD-NS®  SELECT™
o BROWSER ° CiieG

15

Fundamentals of the CAM workspace using Fusion360



Setup sheets are extremely helpful in capturing the important tooling data used in toolpath
operations.

Setup Sheet for Program 001

Pracram Coument: 1€8E Fusion
Joe DESGRIPTION: Setup2
Dacument Pars: Bearing Mounting Plate CAM v26

Setup

WCS: #0

Stock
DX: 7in
DY: 6in
DZ: 2.25in
PaRT:
DX: 7in
DY: 5in
DZ: 2in
Stock Lower v WCS #0:
X: 0in
Y: -6in
Z:-2.25in

Stock Upper in WCS #0
X 7in
Y: Oin
Z: 0in

Total

Numeer OF OPERaTIONS: 21

Numeer OF TooLs: 8

Toows: T1 T2 T3 T4 T7 T9 T10 T19
Maxmaum Z: 0.968in

Mirmnaum Z: -2.105in

Maxmum Feeprate: 65in/min
Maximum SpinoLe Speep: 5500rpm
Cutming Distance: 3563.745in
Raprip Distance: 807.967in
Estimaren Cvore Time: 2h:10m:53s

Tools

T1D1L1
Tvee: face mill Minmnaum Z: -0.03in Holoer: Maritool CAT40-FIMA1.0-1 5M
DiameTer 2in Maximum Feeo: 65in/min Venpor: Maritool
LenaTh 1.563in Maximum SpinpLE Speen: 6500rpm Propuct: CAT40-FMA1.0-1 5M
FLutes: 5 CuTTing DisTance: 74.696in
DescripTion: 2" Face Mill Rapip Distance: 1.66in
Venpor: Maritool EsTimatep Cvele Time: Tm:9s (09%)
PropucT: MSAP16-D050A05R-25.4
T2D212
Tree: spot drill Minmaum Z: -0.605in Holoer: BT40 - BAC4-0016
DiameTer: 0.375in Maximum Feeo: 19.685in/min
T Anee: 1187 Maximum SeinoLe Sreeo: 6500rpm
Lenah: 1.181in Curming Distance: 2 2in
Frutes: 3 Rapip Distance: 30.311in

EsTimatep CycLe Time: 75 (0.1%)
T3DIL3
Tyee: flat end mill Minimum Z: -2.03in Hovoer: Maritool CAT40-ER32-2.35
DiameTer: 0.5in Masxmum Feeo: 30in/min Venoor: Maritool
LenaTh: 2 25in Maximum SeinoLe Sreen: 6500rpm Proouct: CAT40-ER32-2.35
Frutes: 3 Curming DisTance: 3424 295in

Rarip Distance: 555.083in

EsTimaten Crote Tiwe: 2h:3m 54s (94.7%)
T4D4 L4
Tvee: flat end mill Minimum Z: -1.78in HoLpoer: Maritool CAT40-ER32-2 36
DiameTer: 0.25in Masamum Feeo: 40in/min Venpor: Maritool
LenaTH: 2in Maximum SpiNpLE Speep: 6500rpm PropucT: CAT40-ER32-2.35
Frutes: 3 Curming DisTance: 5.458in

Rapio Distance: 50.333in

Esmimatep CroLe Time: 13s (0.2%)
T7D7 LY
Tyee: drill Minmaum Z- -1.657in Hovoer: Maritool CAT40-APU13 Drill Chuck
DiameTer: 0.422in Maximum Feeo: 28in/min Venpor: Maritool
Tie AngLe: 118° Maximum SeinpLE Speep: 6500rpm PropucT: CAT40-APU13
LengTh: 4.310in CutTing DisTance: 10.811in
Frutes: 1 Rapip Distance: 100.935in
DescripTion: 27/64 EsTimMATED CvoLE TIME: 245 (0.3%)
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Step 12: Post Process G-Code

Post processing essentially captures all of the toolpath data/parameters and converts them into
machine specific NC code. This NC code is commonly known as G&M code language that
most machines controllers use to machine parts.

Under the Actions drop Down menu, select Post Process.
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Fusion 360 comes standard with many post processors available for a wide variety of machine
specific controllers. To ensure your using the most up to date post processor; select Setup.

This will open a drop-down list where you can Open Autodesk HSM Post Library.

This web link can be used to access the Autodesk HSM Post Library

https://cam.autodesk.com/hsmposts

Post Process X
Configuration Folder
| C:\Users kevin\AppData Local\Autodesk\webdeploy \production\2b2ead9071920969d€. || | Setup
Use Personal Post Library
Post Canfiguration Use Installed Post Library
I Enter search text ‘ All ~ | All vendors Use Cloud Posts
el [ Open Aodesk HSM Post Lbary |
HAAS (pre-NGC) [ haas v con
7] Open Folder
Output folder Refresh F5
|2\ .|| | Open folder Reset Output Folder
Add Cascading Post...
Program Settings
Program name or number
[ E:ng' Property Recent J
(Built-in) Allow helical moves Yes
Program comment (Built-in) High feedrate mapping Preserve rapi...
[ Test Fusion (Built-in) High feedrate 300
(Built-in) Maximum dircular radius 1000
Unit (Built-in) Minimum chord length 0.25
Document unit (Built-in) Minimum dircular radius 0.01
(Built-in) Tolerance 0.002
Reorder to minimize tool changes Use chip transport No
[Jreord | change ch
7] Open NC file in editor Fast tool change No
Home position center Yes v

Search for posts in our Autodesk HSM post library

Post

Cancel
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https://cam.autodesk.com/hsmposts

Here you will find a drop-down list where you can select a machine manufacturing vendor to
view all available HSM post processors that can be machine model specific.

]
-
i |

C @ Autodesk Inc. [US] | https;//cam.autodesk.com/hsmpasts? *

H autopesk Hsm Posts  To ertified  Release Notes  Dow

e 1] oo s 0 1 @] 55

Post Library for Fusion 360 and Autodesk HSM

This is the place to find post processors for common CNC machines and controls.

Make sure to read this important safety information before using any posts.

Q Find your post here
Any type v || Any time v || Any vendor
FANUC

Download / Sample / Share / RSS

FANUC

Once you have selected a Post Processor a NC Editor will launch to show you the NC program
that you can upload to your machine controller.
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THANK YOU

Thank you to everyone who have registered for my AU2018 class focused on the:

Fundamentals of the CAM Workspace Using Fusion360: Learn 2D and 3D Toolpaths.

Hopefully you found these 12 basic steps helpful in understanding the fundamentals of
integrated cam with Fusion 360 and the workflow inside the CAM workspace.

For further assistance and Fusion 360 Cam support your welcome to reach out directly through
our website at www.leeverage.ca or by email at info@leeverage.ca.

LEE\/ERAGE

INTEGRATION INC.

.\\\‘ | CAD/CAM solutions |
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