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Learning Objectives





Learn about the basics of setting up a CNC job
Discover how to create a setup in Fusion 360 Manufacture workspace
Learn how to use toolpaths and tool libraries in Fusion 360
Learn how to post process your first G-code file and see it run on a CNC for
context

Description
Ever wanted to get hands on with CAM in Fusion 360 software but felt a bit intimidated or didn't
know where to begin? Want to see a job set up and run during the session? Well, this is the
class for you! Throughout the last 12 months, the speaker has gone from knowing nothing about
machining or CAM to knowing slightly more about machining and CAM! This is the class for
CAM newbies! We will go through the process of posting out your first computer numerical
control (CNC) job without assumed knowledge. This will involve opening the Manufacture
workspace in Fusion 360, creating a setup, using tools, generating toolpaths, and posting out to
machine G-code. We will even have a demonstration of the running of the CNC job on a
machine at University of Warwick's Engineering Build Space, to provide context to the CAM
program.

Speaker(s)
Elliott is a Postgraduate Researcher at The University of Warwick (UK) and holds a Masters in
Mechanical Engineering. His research interests are surrounding embedding sensing electronics
in Hybrid Additive Manufacturing processes to create smart objects and tooling. He also teaches
Fusion 360 to the first year students at The University of Warwick (UK) and considers himself to
be a Fusion nerd: applying this passion to his role as a Maker in Residence in the Engineering
Build Space to help students utilise design and manufacture in their projects.
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Some Machining an CNC Basics
The Machine
In the context of this class “The Machine” is an Emco Concept Mill 260 [REF], a CNC mill. For
the purposes of this class it was setup in a 3-axis configuration, however it does have a 5 axis
configuration (see Machine Kinematics). Below is outlined the basic elements to any CNC mill.

The Machine Table and Work Holding
The machine table is the fixing surface onto which you secure your work holding (see
Work Holding). On the machine used in this class, the table is a T-Slotted base, shown
in Figure#.
This is often a vice (see Figure#), but other configurations are frequently used such as:
clamping, custom jigs, plate fixtures, vacuum fixing, adhesion and chucks (see Figure#
in Machine Kinematics)[REF cnc cookbook]. The correct form of work holding depends
on the context of the component(s) to be manufactured and the machine itself. In this
class, we use a milling vice – this offers secure work holding for general purposes. This
can be broken down into 3 main parts:
1) Fixed Jaw – this does not move, it is a reliable (or should be) parallel datum
2) Moving Jaw – this jaw applies the clamping force on the stock into the fixed jaw
3) Vice Base – This is the base on which the stock or parallels (used to rest the
stock at a precise height off the vice base) rest on

Figure 1: A milling vice fixed to the machining table

Working with a milling vice requires consideration in the design process – how do you
plan to hold your workpiece in place whilst machining it whilst maintaining access to the
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regions you need to work in. Sometimes “soft jaws” (jaws that have been machined
profiles in them to hold a part with complex fixing surfaces) can eliviate these issues, but
if you’re carrying out one-off or very short run jobs, it might not be worth the additional
material and machine time.

The Spindle
The machine spindle holds the tool to be used, and rotates it at a programmed spindle
speed (RPM), commonly referred to as speed, and traverses it across the stock on a
programmed toolpath at a feed rate, sometimes referred too as feed (mm/min or ipm
typically). See Figure# for a visualisation of this. Put simply, the speed is how quickly the
spindle is rotating and feed is how quickly it is moving (see Figure 2).

Figure 2: Spindle speed and feed rate definitions
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Figure 3: Image of the machine spindle holding a tool

Feeds and speed are often an area of confusion for beginners, as they vary based on
tool, material, machining strategy and work holding amongst other things. This is a bit
outside of the scope of this class, but some useful websites will be listed in Helpful
Resources.

Machine Kinematics
Figure 4 shows the machines axes X and Y, these are the directions that the spindle can
move in – there is an additional axis, Z, which is vertically up (+Z) and down (-Z) from
the machine table. It is important to note that this is the direction the spindle is moving,
not the table. This is important to understand as on the machine shown, the machine
table moves in X and the spindle moves soley in Y. Therefore, when the table is moving
to the left, the spindle is actually moving to the right (+X).
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Figure 4: Axes directions on the CNC

The second reason understanding the orientation and direction of these axes are
important is that they come into play when setting the Work Coordinates System in
Fusion 360, when defining your stock orientation – getting this wrong can lead to
damaging your stock, tool, work holding or even machine if a crash occurs.
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Tool Libraries
Creating a Tool Library
Creating a New Tool Library
1) Navigate to the “Manage” tab in the “Manufacture” workspace.

Figure 5: Manage tab

2) Select the storage location (i.e. “Cloud” or “Local”) in the side panel, and select
the folder icon highlighted in Figure 6.

Figure 6: Creating a new tool library

3) To import a tool library, right click the storage location and select “Import
libraries”, navigate to the “.tools” file and import.
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Figure 7: Import tool library

4) To export a library, right click the library you wish to export and select “Export
library”. Choose a location to save to.

Figure 8: Export tool library
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Creating a Tool
The tool we will be creating in this example is the 10 mm rougher we use in the class.
When creating a tool, be sure to refer to the tool data sheet where possible and use
calipers for measurements which can’t be defined on the tool data sheet (i.e. length
below holder).
1) Select the “+” icon in the tool library you want to add the tool to.

Figure 9: Adding a new tool to a library

2) Choose the tool type from the selections available. In this example it is a “flat end
mill”.

Figure 10: Adding a new tool to a library
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3) You will be presented with a series of tabs. The first of which is the “General” tab,
to define the tool description, vendor, product id and a link – useful if you need to
replace it. The tool will be visualised in the right side window.

Figure 11: General tab from creating a new tool

4) In the “Cutter” tab, we define the tool geometry. These values are important as
ones such as “Number of flutes” crucial for machining parameters. The
“Geometry” tab should be as accurate as possible to avoid collisions and
damage to the tool.

Figure 12: Cutter tab from creating a new tool
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5) The “Holder” tab defines the holder that is securing the tool. This is important
from a simulation standpoint to avoid collisions. I would always recommend
setting this. Select any holder for the purposes of this class – the one in Figure
13 most likely isn’t available.

Figure 13: Holder tab from creating a new tool

6) The “Cutting data” tab is extremely important. Note that you can create different
cutting settings for different scenarios. See in Figure 14 I have one for Aluminium
and one for Brass. The tool datasheet helps when setting these figures, but be
careful and double check the values – this can lead to tool damage, part damage
and machine damage. I won’t define what all of these mean, but we’ve discussed
a couple – more information will be in Helpful Resources.

Page 11

Figure 14: Cutting data tab from creating a new tool

Creating a Setup
A “Setup” defines your machine setup, your initial stock for the operations you’re about to use
and any export specifics you want to define for the CNC program. It is split into three tabs for
each of these factors. To create a new setup, select the folder icon in the “Setup” section of the
top ribbon (Figure 15).
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Figure 15: The setup menu as default

A personal preference – I prefer to go in the order Stock > Setup > Post Process across the
tabs within the “Setup” menu. This is because if you make any changes to the stock, sometimes
your WCS data can change.

The Stock
In the “Stock” tab, we define the size and shape of the stock (shown Figure 16). This can be
done in a number of “Modes” such as: fixed size box, relative size box (relative to your model
boundaries), fixed sized cylinder etc. For the first setup, since we are typically working with a
block of material (box or cylinder) I would usually start with the “Fixed size box” option. I’d also
change the “Round Up to Nearest” to 0, to avoid Fusion changing the values you input. The
“Width (X)”, “Depth (Y)” and “Height (Z)” measurement directions are defined by the orientation
of your stock in the vice. Refer back to the “Machine Kinematics” section and Figure 4 if you’re
not sure about this.
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Figure 16: The “Stock” tab on the “Setup” menu

Setup - Work Coordinates System
The “Setup” tab, contains the “Work Coordinates System (WCS)” section which defines the
Work Zero and the orientation of the axes on the machine – so the tool paths can be made
relative to this point and in the correct direction.
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Figure 17: The “Setup” tab in the “Setup” menu

The axes are visualised on the generated stock in the main Fusion window. If you are unsure
about what direction the axes should be pointing, decide what orientation you are going to put
your stock in at, then refer to “Machine Kinematics” Figure 4 and Figure 18, orientating all axes
in the positive direction of the machine. Figure 18a shows the desired Work Zero and the
orientation of the machine positive axes (X,Y,Z), this has been mirrored in Fusion by setting the
equivalent Work Zero and matching machine axes in Figure 18b.
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(a)

(b)
Figure 18: (a) The desired Work Zero point and the orientation of the positive axes directions on the
machine and (b) the reflection of this in the Fusion workspace
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Toolpaths
A toolpath is the path that the tool centre follows in order to gradually remove material to
achieve the desired shape from the stock. Toolpath is a generic term so types of toolpath vary
sigficantly: 2D Toolpaths, 3D Toolpaths, Drilling and Multi-Axis etc.

2D Toolpaths
A 2D toolpath uses contors to define it’s area of work, alongside repeating the same toolpath,
but at different Z heights (if applicable). The toolpath will not change at different heights into the
part. A typical example is shown in Figure 19a of a 2D contour toolpath. Take note of Figure
19b, whilst it is still a 2D toolpath it is actually a 2.5D toolpath, as it carries out a pattern, moves
in Z, then repeats the same pattern. A 2.5D pattern only carries out a cutting move in two axes
at any one time.

(a)

(b)
Figure 19: A (a) 2D contour tool path and (b) 2D adaptive clear toolpath (2.5D)
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3D Toolpaths
3D toolpaths perform cutting operations in three axes at once (X,Y and Z). Examples of this are
a helix down into a slot and a ballnose endmill finishing a surface (Figure 20a – though you
could argue this still looks mostly 2.5D - X and Z cutting directions). Some options in the 3D tab
on Fusion 360 aren’t actually 3D toolpaths – 3D adaptive is an example of this. It is a 2.5D
toolpath, but changes the toolpath it follows at each height. Figure 20b shows the 3D adaptive
tool path, which only cuts in two axes at once, changing the toolpath it follows at differing
heights.
When working with 3D toolpaths versus 2D, generally we have to constrain the toolpath down –
as without selecting contours it will attempt to apply a toolpath to all available geometry within
the specified heights. Conversely, with 2D methods we have to build the toolpaths up by
defining a region of work using contours and heights.
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(a)

(b)
Figure 20: (a) 3D toolpath for a ballnose endmill and (b) 3D adaptive clear tool path (actually a 2.5D
toolpath) which varies the tool path it follows with height

Toolpath Simulation
The toolpath simulation option in Fusion is a vital piece of the workflow before running a
program. So long as your measurements are accurate, you can use this work space to detect
collisions with your tool holder, travel moves or incorrect height settings amongst other things. If
running a multi-axis (i.e. 4+ axis) job, it is limited, you will not be able to see if you have tool
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collisions when moving the 4th and 5th axis to a new setup. I typically set my simulation to
“comparison” to view the stock versus the desired geometry – this makes it obvious if you’ve
forgotten an operation.

Helpful Resources
Speeds and Feeds
https://www.nyccnc.com/getting-started-feeds-speeds/

Resources for CAM in Fusion 360
NYC CNC: https://www.youtube.com/user/saunixcomp
Lars Christensen: https://www.youtube.com/user/cadcamstuff
Post processor library for Fusion 360: https://cam.autodesk.com/hsmposts

General Machining
NYC CNC: https://www.youtube.com/user/saunixcomp
This Old Tony: https://www.youtube.com/user/featony
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