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Introduction

This training guide is intended to assist educational users through the process of 3D CAD
modeling techniques, manufacturing CAM Setups using Autodesk Fusion 360 software and
suggested safe operation of the Haas CNC desktop milling machine.

Fusion 360 is the first 3D CAD, CAM, and CAE tool of its kind and has been chosen to be the best
fit for this fidget spinner design to manufacturing project; as it is a collaborative product
development tool that combines industrial design, mechanical engineering, and machine tool
programming into one software solution.

Fusion 360 connects your entire product development process in a single cloud-based platform
that works on both Mac and PC and is also available on Chromebooks or any device via browser
for members of the Education Community.

Fusion 360 is a great easy to use tool for any type of educational platform and maker space and
is freely available to all educational facility’s, schools, colleges, and universities.
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Fidget Spinner Project

This model design was chosen to illustrate Fusion 360 CAD 3D modeling techniques and CAM
manufacturing workflow.

This unique project provides learners an opportunity to parametrically CAD model a design of a
simple fidget spinner device with learning downstream manufacturing workflows that include
CAD manufacturing assemblies, CAM setups, CNC toolpaths and post processing g-code. With
understanding some fundamental steps in this process, users can apply their knowledge by

safely setting up a Haas desktop CNC milling machine to manufacture their fidget spinner
project.
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Introduction to 3D Modeling

Fusion 360 enables you as a designer, engineer, entrepreneur, creator if you will; work
seamlessly in one cloud enabled platform. The main focus of this is to help ease the learning
transition from 2D design to 3D modeling. 3D modeling using CAD is an outstanding additional
skill set for any product designer, engineer, or machinist and being able to use Fusion 360
CAD/CAM will enable you to take an excellent idea from a concept, through to a working 3D
CAD model for manufacture, testing and production.

Fusion 360 and Autodesk Design Academy provide extensive learning resources which make it
incredibly easy to use CAD and learn how to 3D model. Furthermore, Fusion 360 is free to
students and educators, works on Apple and PC operating systems, on multiple devices and
platforms.

AUTODESK . =
Design Academy LEARN  TEACH PORTFOLIOS COMMUNITY  INSPIRATION ~ ABOUT US (L SIGN IN
\ &

Unlock your creativity with free resources for students and educators.

'WATCH VIDEO P>

www.academy.autodesk.com
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LESSON 1

Selecting the right Fusion 360 Workspace
After completing this lesson, you will be able to:

e Understand the different workspaces in Fusion 360
e Select the appropriate Fusion 360 Work space

Workspaces in Fusion 360

Fusion 360 capabilities are grouped into purpose-driven workspaces. The tools in each
workspace are organized in the toolbar according to particular design objectives. Certain menus
and commands are available across multiple workspaces.

The following workspaces are available in Fusion 360.
Design Workspace

The Model workspace lets you create and edit solid 3D geometry. This workspace is most like a
traditional 3D CAD environment, where you can create history-based features (i.e. extrude,
revolve, loft, sweep) that update with design changes and is a traditional CAD environment that
supports parametric and direct modeling.

Model Workspace

Creates mechanical designs that contain mostly prismatic
geometry. Access commands to create solid bodies.
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Generative Design Workspace

The Generative Design workspace lets you simultaneously generate multiple CAD-ready design
solutions based on manufacturing and performance requirements. It contains tools that let you
set up design studies with defined goals, constraints, materials, and manufacturing options.
Generate and explore multiple process and performance-aware design options in the cloud.
Evaluate each design option based on trade-off’s that are most critical to your needs. Then
export your optimal design using cloud credits, and import the CAD-ready geometry into Fusion
360.

Generative Design Workspace

Defines a design problem by specifying functional,
manufacturing, and mechanical requirements to generate
outcomes.

Render Workspace

The Render workspace lets you generate photo-realistic images of your design. Adjust lighting
and materials, add decals, and leverage local or cloud computing to communicate your design
realistically.

Render Workspace
Generates realistic renderings of the design.
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Animation Workspace

The Animation workspace helps you communicate your design with 3D exploded views and
animations to show design assembly. Share videos with collaborators and clients to help them
understand and evaluate your design. The Animation workspace lets you create automatic or
manual exploded views, as well as to have direct control over unique animations of parts and
assemblies. Animations can be used to evaluate and communicate designs and functionality of
your designs including assembly or repair operations.

Animation Workspace Simulation Workspace

Creates animations of how the design should be operated or Performs simulation to determine how loads lead to
assembled. deformation and failure, helping you understand if and how
the part will fail.

Simulation Workspace

The Simulation workspace lets you set up studies to test your design using finite element
analysis (FEA). Simulate how your design performs under various loads and conditions. Analyze
the results to understand the physical limitations of your design. Explore design alternatives
and make informed decisions about design changes. The Simulation workspace enables you to
perform stress (Static Stress, Nonlinear Static Stress, and Event Simulation), Modal Frequencies,
Structural Buckling, Thermal, Thermal Stress and Shape Optimization analyses.
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Manufacture Workspace

The Manufacture workspace lets you create toolpaths to machine your components using
Computer-Aided Machining (CAM) or use the 3D printing workflow to create a prototype. CAM
stands for Computer Aided Manufacturing. CAM is the step where you convert the part model
into a language that can be used for the manufacturing process (usually G code). This process
might be for milling, turning or laser cutting and might be done in wood, plastic or metal,
depending on the application. The CAM environment in Fusion 360 is designed from the ground
up to work inside Fusion 360.

Manufacture Workspace

Generates tool-path strategies for the design to be
fabricated.

DETAILA
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Design Workspace

Drawing Workspace

The Drawing workspace lets you document manufacturing specifications using integrated,
associative drawings and animations for parts and assemblies. When you create 2D drawings
from your Fusion 360 designs, it enables you to generate PDF and DWG documentation of your
Fusion 360 model. When you create a drawing, it is generated as a derived document of a
Fusion 360 model, and it shows up in the Data Panel as a unique item in the active project.

When you create a drawing from the Fusion 360 modeling environment, the system generates
a 2D projection of the components you select. The drawing view thus generated is referred to
as a base view. Once you place the base view in the drawing, you can generate orthogonal and
isometric projected views from it containing dimensional references and part specifications.
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Selecting the Design Modeling Workspace

Upon opening Fusion 360 by default, you will begin with a blank untitled document and will
automatically start you inside of the Model Workspace to begin designing your first project.

You can easily move into other Fusion 360 workspaces by selecting the drop down arrow in the
top left-hand corner of the user interface.

W untited x 4+ B N ©® ronee @
Act SHEETMETAL  TOOLS
Jos ox B A = b O T — | B
e st » = B R
woory * ASSEMBLE® | CONSTRUCT®  WSPECT® = WSEAT~  SELECT®
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D £ Document Settings »s = = = \\
D W Named View | ] @ « ~
[y . SOLID SURFACE SHEET METAL TOOLS
To=1l — 7 O—8 Mk 3 « ¢
DESIGN ~ 17l gl y [ r L (Y
Zo@®o..® | [
DESIGN
Creates mechanical designs that contain mostly prismatic
R ATTVE DR geometry. Access commands to create solid bodies.
RENDER
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LESSON 2

Fusion 360 Data Management
After completing this lesson, you will be able to:

e Understand what is a Fusion 360 Project
e C(Create a new design project

e Setthe Active Project

e Create and save a new design

e Understand Fusion 360 file versions

* Autodesk Fusion 360

& Kevinlee v o0 X # K- ©
Data People
1 DESIGN +
m New Folder ﬁ
#  Fusion 360- Haas Fidget Spinner @ +¢ BROWSER

Step1: Understanding Fusion 360 Projects

Fusion 360 brings design teams together for collaborative product development. You can
manage the design process and collaborate with your team, clients, and partners by sharing
and reviewing designs, managing versions, and reusing designs.

Product development typically requires multiple people to take a product to market.

In Fusion 360, a project is a shared workspace for teams of people working together on a
project to store, organize, and manage all related design data.

Projects let you control who has access to specific design data. Each project contains its own
project members who are assigned project roles. Project members can share and access design
data, discuss challenges and successes, and stay current with project activities.
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Step2: Creating a New Project

In Fusion 360, you create projects to contain and organize your design data. You can invite
other people to a project to collaborate on a design, discuss challenges and successes, and stay
current with project activities. Each project has its own data and people.

There are two ways to create a project:

Use the Data Panel
Save a new design

Create a new Fusion 360 project to familiarize yourself with projects organization.

Create a new project using the Data Panel

(1] ]
Click the Show Data Panel icon HEE to open the Data Panel, which displays your projects and
designs.

Click the New Project button.
Specify a name for the project. Name your first project, Fusion 360-Haas Fidget Spinner.

Double-click the project to open it.

Tip: To return to the list of projects, click the Leave Data Details icon < at the top left of
the Data Panel.

Note, you can also create a new project when you save a new design

In the Application Bar, select File > Save As.

Specify a name for the design in the Name field.

Next to the Location field, click the arrow to expand the options.
Click the New Project button to create a new project.

Specify a name for the project.

Select the new project in the list of projects.

Click Save.
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Step3: Setting the Active Project

1. Click the Data Panel icon = i the upper left to display the Data Panel.

2. Click the back button next to the active project in the Data Panel.

F Autodesk Fusion 360

. x [ v =
@ Default Project cQ .
Data People DESIGN ~
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D & o
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3. Double-click your newly created project Fusion 360 -Haas Fidget Spinner to make that
project active.

F Autodesk Fusion 360

& Kevinlee v o 0o X ‘
‘ Data l People ‘
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Step4: Creating and saving a new design

.

: N 4 .
Click the File icon > New Design.
=

In the Name field, enter Haas Fidget Spinner.

Click the Save icon to save the design.

Set Location to store your new file. Ensure that it sets the location to save your new design into
your new created Fusion 360 -Haas Fidget Spinner project.

Click Save.

Save X

Name

Haas Fidget Spinner

Location

Fusion 360- Haas Fidget Spinner v

Cancel Save

6. Once your new design saves into your project your data panel should look like the following.

F Autodesk Fusion 360

& KevinLee v o QO X

| Data People ‘
m | New Folder 'ﬁ

#% |Fusion 360- Haas Fidget Spinner | ]

@ Haas Fidget Spinner
0.46:53 PM

[
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Step5: Fusion 360 file Versions

In Fusion 360 all versions of your document are stored, and you can choose which version you
want to use. You also have an option to open a desired read-only version, or promote a version
directly from the Data Panel.

After we complete a few more lessons we will be saving our work. Every time you save your file
it creates a version of your file. Follow these steps below later on to better understand file
version control in Fusion 360.

In the Data Panel, click the version icon ' “'™ for the design.

If all versions are not listed, click Show all versions.

Hover over the desired version, and click Open Version =

Note: This version is read-only. The comments pane is disabled for read-only documents.
Edit the file as needed.

To save the file, click File > Save as.

In the Save dialog box, specify the file name and the location.

Optional: In the Add Version Description, enter a description.

Click OK, and a new version of your design is created.

Promote a previous version of a design

In the Data Panel, click the version icon ' “'™ for the design.

If all versions are not listed, click Show all versions.
T
Hover over the desired version, and click Promote .

Note: Promote is not available for versions that are currently open.
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LESSON 3
Modeling from 2D sketches to a 3D CAD Model

After completing this lesson, you will be able to:

e Create your first design

e Sketch geometry

e Define sketches with dimensions and constraint relationships
e Create 3d modeling features

e Insert Assembly Referenced components

e Adjust Component Appearances

A
0
N

fx: @0.865
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Step1: Creating your First Design

1. Note, your screen should look like the following.
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2. You can close the data panel to allow for space to create your first design. Close the data
panel by selecting either the X close Button, or the data panel icon.

F Autodesk Fusion 360

& KevinlLee v [s) Q | A @ Haas Fidget Spinner vi X

SOLID SURFACE SHEET METAL TOOLS
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Step2: Sketching Geometry

1. Working from the Design workspace, create a new Sketch by selecting the Create drop
down menu, then select create sketch.

¥
im
(4
-

ke Extrude, Revolve, and Loft to create 3D bodies from
ket

comstruction plane, then creste lines, arcs, or points

e @O Q QP .

2. Select the top plane shown with the arrow below.

« BROWSER °

4 |0 (EIMITIETITNG ©
£+ Document Settings
ad

A~ A V4

3. We will begin by sketching a few circular shapes by activating the circle command found
in the ribbon bar.

4. Define the center point of the circle by selecting the design origin as shown with arrow
below. Stretch out the circle and click a point to specify the diameter of the circle.
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5. While the circle command remains active, press escape to deactivate the Create circle

command.

Create a line entity, by activating the line command found in the ribbon bar. Select start
point of line at the origin and stretch a line vertically above the circle as shown below.
Select the green check mark to close the line command.

F autoosse Fusion 360

W8 he e  Hass Fidge Sponer
o [ Ye Lt o= & A 5 Repeat Line
S J Delete X (B Presspul
4ol ®
3
Undo
» «
i Move/Copy +f* (@) Hole
& I:l Sketch ¥
—— e

(g Create Selection Set
rude

|| Sketch Dimension

[~ tarmcasicon |

T3 Normal/Centeriine

— A Texton Path
@ FoUnFix
I HorizontalVertical
1% Delete Coincident
Copy
Find in Browser
o S-S a-5E 8 Find in Window

Werww T

When creating sketches that will be used for creating 3d modeling features, sometimes
it’s convenient to create reference geometry known as construction geometry.
Right-click on the vertical line, and choose Normal/Construction, from the drop down
menu. You will notice the solid line becomes a dashed line; meaning it can not be used
towards feature creation.

Activate the circle command again, and create another circle with its CenterPoint at the
end of the line, then select the escape key to deactivate the circle command.
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10. With some basic geometry now created, you can replicate selected sketch curves in an
arc or circular pattern.
11. Under the Create drop down menu, select and activate the Circular Pattern command.

12. In the Circular Pattern command dialog box, select both the construction line and upper
circle. Then to define the Center point of the circular pattern, choose the design origin
point.

13. Be sure to adjust the circular pattern quantity to 3.

14. With these basic geometry shapes created we can further define this active sketch using
both dimensions and constraint relationships.

Iy 2selected X
= -
upore: o
o =
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Step3: Sketch Dimensions and Constraint Relationships

1.

You will notice that the construction lines are black and the circles are blue in colour. This
means that the circle size and positions are not fully defined in this sketch. To fully define
a sketch, you can use either dimensions or constraint relationships, or a combination of
both.

First, define this sketch by activating the dimension command found in the ribbon bar.
Alternatively pressing the D key on the keyboard as a hot key will activate the dimension
command as well.

R 8 & e —— +

DR N

Select the center circle and drag out a dimension, and in the dimension box, enter
0.865".

Instead of creating 3 more dimensions, create a new dimension on the top circle that is a
function of the first dimension.

GO

With the dimension command still active, select the top circle in this sketch, drag out a
dimension. Instead of entering a number, select the 0.865” dimension. This will create a
new dimension (d3) with fx beside it, meaning that it is equal to the 0.865” dimension.
So, if we change the 0.865” dimension, the functioned dimension will update as well.
Define the length of the construction line as 1.028” shown above, right.

Notice that our sketch is now all black in colour, meaning it’s fully defined.
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8. Next, use the Offset command to offset the top circle by 4mm.
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9. Repeat the Circular Pattern command to pattern the offset circle 3 times and complete
the command with selecting ok.

10. Your sketch should still remain fully defined having all geometries remaining black in
colour as shown above right.

11. Re-activate the circle command, and sketch 3 new circles as shown below. For the
moment, don’t worry about the size or position of circles, but try to place them in
approximate locations as shown below.
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12. As described earlier, to fully define a sketch, you can use either dimensions or constraint
relationships, or a combination of both.

13. Activate the Tangent constraint command and create Tangent relationships for each blue
circle by selecting the blue circle and black circle as shown below so that the blue and
black arc become tangent to each other.
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14. Repeat this process once more for this same blue arc but select the lower black arc this
time shown lower below left image.

F Autodesk Fusion 360
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15. Repeat this process again for the remaining two arcs. Once completed, you will see 6
tangent icon symbols on you sketch as shown above right.

16. Notice that all 3 circles are still blue, they are tangent to the adjacent black arcs, and they
are still different sizes.
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fx @0 865

17. Create a new dimension to define one of the blue circles to have a 1.0” diameter as
shown above.

18. Instead of creating two more dimensions, assign an Equal constraint relationship for the
two remaining blue circles. Once complete, your sketch should become fully defined
(black in colour).

F Autodesk Fusion 36

19. Your sketch has some geometry that is not needed to complete 3D features.
20. Activate the Trim command and select areas of the arcs that we can trim (cut) away.

¥ Autodesk Fusion 360
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21. Your sketch should now be complete and fully defined. Choose Finish Sketch by clicking
the green check mark in the upper right corner.

LB RAN B S W Haas Fiapel Spimne vt

22. Click the Save icon o to save your design.

23. Notice in your browser there is sketch1 contained in the Sketches folder as well you can
see the same sketch present in your design timeline along the bottom of your user
interface.
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Step 4: Modeling 3D Features

1. With having a 2D sketch fully defined, we can transition a 2d shape into a 3D CAD model
containing multiple CAD features.

2. When working in the Fusion 360 Design workspace, you can toggle between Solid,
Surface, Mesh and Sheet Metal modeling tools; each having a dedicated ribbon bar of
icon feature commands.

3. Inthe Solid Modeling ribbon bar, try pausing you mouse over a few of them to read the
tool tip flyouts that describe the different features in more details.

4. Activate the Extrude command and select the 4 closed profiles highlighted in blue, below
left.

5. Grab the blue Extrude aero and drag upward to give these selected profiles some
thickness. Define the extruded thickness as 0.150”.

6. Also, within the Extrude dialogue box, change the Direction to be Symmetric. This
symmetric option extrudes the selected profiles 0.150” in each direction equally. Ensure
that the operation type is set to New Body. Choose Ok to complete the Extrude feature.

7. Now modify the solid body geometry with creating a new Chamfer feature by activating
the Chamfer command found in the Modify drop down menu.
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F Autodesk Fusion 36!
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8. Select all 4 circle edges and the outer edge profile, both on the top and bottom of the
CAD model.
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Type "\ Equal Distance
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Corner Type W, Chamfer
o OK Cancel

9. With all 10 edges selected, define the chamfer size to be 0.015”. Ensure Chamfer Type is
set to Equal Distance and choose OK.

10. Notice your Design Timeline at the bottom of screen contains one sketch and two model
features.

11. Click the Save icon = to save your design.
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Step 5: Inserting Assembly Referenced Components.

1. When creating your design in Fusion 360, you can design in many different ways from
parametric or direct modeling techniques to importing geometry from other CAD
systems. Being able to refence pre-modeled CAD data easily will help you model your
finished design concept quickly.

2. Fusion 360 easily allows you to insert CAD model data from part suppliers such as
McMaster -Carr. With direct linking access into massive CAD model libraries, you can
easily browse to desired components, click on additional product details, select a specific
file type, and save the CAD modeled components directly into your own design.

3. Under the Insert drop down menu, choose Insert McMaster-Carr Component.

[yre—— 4oesro@ ,

@ JA";',‘ ':-,Jni.f. I " = ‘;_. ] . MMTER{ARR

CONT)

ORDER AcviTy 106~

A3 Categories
Fastening & Joining

wwmoil/ O0OT @&
& ~~ e — "Q' ~~ q\ e

B vang s webae you agree % our Terms ans Condbens and Prvacy Fokey

4. In the McMaster-Carr dialogue window, search for a specific sized metric bearing for
your fidget spinner project.
5. Type bearing part number 5972K91 in the Find search field.
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6. Once the specific bearing is located, near the Product Details, choose 3-D STEP file and
click on Download.

7. The 3d bearing CAD model instantly downloads into your Fusion 360 Design document.

8. The design origin of the bearing 3d cad model locks onto your design documents origin.
Click OK to insert bearing component into your fidget spinner design.
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9. Notice your design timeline now shows an inserted base featured component.

10. This new bearing “CAD model” component shows in your browser as a separate
component model containing multiple bodies of the various parts of the actual bearing
assembly.

F Autodesk Fusion 360
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11. Minimize the bodies folder of the bearing component.
12. You can copy multiple instances of a design component.
13. Right-click on the bearing component in the browser, choose copy, then right-click on
main component level of you design document, right click, then paste.
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14.
15.

16.
17.
18.

19.

[ r—r——

Notice in your browser that there is another instance of the bearing component.

With the Move/Copy dialogue box open, select the Point to Point move Type, then for
the Origin point, select the center circle. For the Target Point, select the other circle as
shown below. Note that for both circle selections, grab the top edge of chamfer circle

edges on the top face of the fidget spinner.
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o OK Cancel

Click OK to complete the Paste, Move/Copy command.

Your browser should now show two instances of the bearing components.

Instead of repeating the Copy/Paste command two more times; use the Circular Pattern
modeling feature.

Under the Create drop down menu, choose Pattern then Circular Pattern.
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20. Set the Type to Components, and for pattern Object, select the secondary instance of the
bearing component.

21. Select the ID face of the center bearing as Axis to rotate around.

22. Ensure Pattern Quantity is set to 3. Click OK to complete the Circular pattern.

23. Take notice of your design time line and design browser.

24. The browser shows that your Fidget Spinner design documents contains a total of 4
additional bearing components.

25. Your design timeline highlights 3 specific design features; Insert Base Feature,
Copy/Paste, and a Circular Pattern.
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26. Click the Save icon - to save your design.
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Step 6: Adjusting Component Appearances

1. To complete your design look, you can adjust the appearance of components of your
Fidget Spinner Design.

2. To help see a colour difference between multiple components you can activate the
Component Colour Cycle Toggle located in the Inspect drop down menu. This applies
different colours to each component to help differentiate between the components.

B0 W N B taas ety s 3

3. Alternatively, if you deactivate Component Colour Cycling toggle in the same way; we
can also assign specific desired colours to each component.

Let’s assign a plastic appearance to the Fidget Spinner component.

In the Design workspace select the A key on keyboard to activate appearance selection.
In the appearance search filed enter plastic.

At the top of the search filter list, left click and hold, the drag the colour appearance to
the Design area of the appearance dialogue box.
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 Apply To:
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Show

8. Then left click and hold, drag design colour onto the component.

9. Click the Save icon = to save your design.
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CONGRATULATIONS

You have successfully completed the guided lessons and designed your Haas Desktop Fidget
Spinner project using Autodesk Fusion 360.

With Fusion 360 you can directly access additional learning resources. When inside of Fusion
360 near the top right corner of your screen, select the help icon.

Here you can access further self-paced learning tutorial guides and additional product
documentation.
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T Show Learning Panel
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Self-Paced Learning | Learning and Documentation >
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To learn more on how to get started with Fusion 360 or to learn how to use the basic solid
modeling tools in Fusion 360, check out the self paced learning tutorial videos.
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LESSON 4

CAD Modeling Manufacturing Assemblies

After completing this lesson, you will be able to:

% AUTODESK

Learning Partner

Discover Fusion 360 Sample files

Understand Fusion 360 Assemblies

Assign Component Rigid Groups

Create a Manufacturing Assembly

Capture Design Intent with Joint Relationships
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Step 1: Discover Fusion 360 Sample files

Fusion 360 contains many resources to help you with your design project. There are
multiple sample directories containing CAM, design, electronic, generative design, and
simulation sample files. These resources can be used to quickly build up your design
intent to capture design and manufacturing workflows.

1. Open your data panel and scroll down towards the bottom where you will find many of
these sample libraries.

2. Atthe bottom you will find a project folder named Workshop & Events.

3. Open the Workshops & Events project, and continue to open the Haas Desktop Fidget
Spinner project folder.
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4. Open the Fusion 360 sample document named Fidget Spinner_Fixture Base.

5. Note that you now have two active documents currently open in Fusion 360 as shown
with the tabs at the top.

6. However, the Fidget Spinner_Fixture Base document is currently protected showing with
the padlock beside the document name.

7. Proceed to save this document into your own Fusion 360 -Haas Fidget Spinner project by
selecting the Save As option and ensure that saves into your own local project folder.
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8. Once you have completed the save operation, the document is no longer protected as a

Sample file.
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9. Repeat this same process to save the Fixture OP2 Clamp Cap sample document into your

own local project folder.
10. Open the Workshops & Events project, and continue to open the Haas Desktop Fidget

Spinner project folder.
11. Open the Fusion 360 sample document named Fixture OP2 Clamp Cap.
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12. Similarly, as before, the Fixture OP2 Clamp Cap document is currently protected showing

with the padlock beside the document name.
13. Proceed to save this document into your own Fusion 360 -Haas Fidget Spinner project by

selecting the Save As option and ensure that is saves into your own local project folder.
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Step 2: Understanding Fusion 360 Assemblies

In Fusion 360, an Assembly is a collection of components that function as a single design
allowing you to capture your design intent. Any design that contains two or more
components is considered an assembly.

You can create assemblies that leverage a variety of different strategies, based on the
needs of your design. You may:

e Create assemblies that consist of all internal components, all external
components, or a mixture of both component types.

e Define the structure and relationships in the assembly at the beginning of a
project or as you evolve the design.

e Take a top-down or bottom-up approach to the entire design, or vary your
approach for specific components and subassemblies.

e Work alone on a design or collaborate with other project members.

e Collaborate concurrently or asynchronously with other project members.

A distributed design is a design with one or more external components referenced into
an assembly.
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Distributed designs enable multiple project members to edit different components in
the assembly at the same time. As each project member edits components in context,
the entire assembly updates to reflect their changes.
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Step 3: Assigning Component Rigid Groups

When designing in Fusion 360, you can create bodies, components and assemblies. An
assembly is a collection of components that function as a single design in Fusion 360.
There is no special file type for assemblies in Fusion 360, so each design can contain:

e Asingle component comprised of bodies

e An assembly of components and nested subcomponents.

When you create a new component in a Fusion 360 design, it becomes an assembly. You
can use the position, joint, and motion features in Fusion 360 to define relationships
between components in a design that allows you to capture design intent.

To simplify the process of positioning components within a complex assembly, you can
create several smaller assemblies; apply joint, rigid groups, and add contact set
relationships as needed. This approach lets you position the subassembly as a single unit
in upstream assemblies.

With defining a Rigid Group, this allows you to lock the relative position of the selected
components. The components are treated as a single object when moved or when joints
are applied.

B R Ao L TPE— x W et S Petan Gnne 1 x P Fanas OF Carp G - 408 sre 8

wae HRPE® FOOPEL BN OH = %
15 e e

P@o QT e

1. Activate your current open document named Haas Fidget Spinner by selecting its tab at
top of screen.

2. Under the Assemble drop-down menu, select Rigid Group.

3. Select the Fidget Spinner component and all four sub-assembly bearing components as
shown above.

4. Notice in your design time-line that you have a Rigid Group feature that is also present
within the Joints folder in the browser.

H

5. Click the Save icon to save your design.
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Step 4: Create a Manufacturing Assembly

Creating manufacturing assemblies in Fusion 360 is helpful so that you can visualize your CNC
machining setup. There are options in a manufacturing CAM setup where you can highlight
bodies or components to specify recognised fixtures, vices, chucks, clamps, etc. that toolpaths
need to avoid when activating toolpath shaft and holder detection.

1. Activate your current open document named Fidget Spinner_Fixture Base by selecting
its tab at the top of screen.

2. Expand open your Data Panel.

3. Within your Data panel project folder, you should see two document files. Right-click on
the Haas Fidget Spinner document and choose, Insert into Current Design.
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4. Close the data panel to make your screen larger.

5. With inserting a referenced design into your current design; the Move/Copy command
becomes active.

6. For now, you can Free Move the Fidget Spinner component away from the Fixture Base
component; left-click and hold component reference origin, and drag toward the red
arrow direction shown below.
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7. Click OK to complete the Move command.
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8. Create another instance of the Haas Fidget Spinner into your manufacturing assembly.

9. Inthe browser, right-click on the Haas Fidget Spinner component and choose Copy
shown below left.
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10. Then right-click on document component level and select paste as shown above right.

11. The secondary instance of the Fidget Spinner component is on top of the first instance.

12. Before you close the Move/Copy command, left-click and hold the blue arrow to free
drag the secondary instance to the left.
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13. With your Haas Fidget Spinner design as a referenced (linked) document inside of your
Fidget Spiner_Fixture Base document; design changes will be automatically refenced to
keep all design documents up to date and current.

14. In this case, we have created two instances of the Haas Fidget Spinner into our
manufacturing assembly so that we can visualize the manufacturing workflow moving
from side 1 machining operations through to side 2 machining operations all with using
one work holding fixture.

15. Re-open you Data Panel and right-click on the Fixture OP2 Clamp Cap component to
insert into your current design.
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16. Close your data panel to make your user interface larger.
17. Before you close the Move/Copy command, left-click and hold the blue arrow to free
Move drag the secondary instance to the left.
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18. Take note of your browser in that you now have three linked sub-assembly document
components in your manufacturing assembly document.

19. Click the Save icon = to save your design.
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Step 5: Capture Design intent with Joint Relationships

In the Design workspace in Fusion 360, you can create joints between components in an
assembly.

A Joint is a mechanical relationship that defines the relative position and motion between 2
components in an assembly. As you design an assembly with moving components, simulating
motion is an important part of the prototyping process.

There are 7 different types of joints in Fusion 360. You can create joints with both the Joint and
As-Built Joint commands. Each joint type uses different degrees of freedom to define motion.

Type Description Motion Allowed
Rigid Locks components together. Removes all degrees of freedom. None
Revolute Component rotates around Joint Origin. 1rotation
Slider Component moves along a single axis. 1translation

1 translation
Cylindrical Component rotates around and moves along a single axis.

1 rotation

1 translation
Pin-slot Component rotates around one axis and moves along a different axis.

1 rotation

. 2 translation

Planar Component moves along two axes and rotates around a single axis.

1 rotation
Ball Component rotates around all 3 axes using a gimbal system (3 nested rotations). 3 rotation

In Fusion 360, joints reduce the complexity of component relationships by helping you focus on
what components can do, instead of what they can not do. This differs from other approaches
like constraints or mates, which lock down available degrees of freedom (DOF) to limit motion.
This requires you to understand the basic physics and math involved to ensure the components
in an assembly move the way you intend.

In contrast, joints define motion between components, and only leave the required degrees of
freedom open to create that motion. This reduces the need to understand the physics, and
creates an understanding between the motion and the result.
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7.
8.
9.

Activate your current open document named Fidget Spinner_Fixture Base by selecting
its tab at the top of screen.

In the design workspace under the Assemble drop down menu, choose the Joint
command.

The Joint command dialogue box allows you to first select Component 1 origin snap point
of the component that you want to move. See image below left.

weeq \? .
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Select the circle edge on the bottom face of the left fidget spinner. Once selected, the
component changes its transparency.

Then define Component2 snap position to be the left center hole edge of the fixture base
component shown above right.

Once both component references have been selected, component 1 then moves to align
itself with the reference point selected for component 2.

Before we accept this new position, ensure that it’s rotated into the correct orientation.
To visualize the orientation perspective, choose the Top view on the view cube.
Adjust the rotation slider handle or enter -30 for the joint alignment angle parameter.

10. Click OK to accept this active joint relationship.

9
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11. Once the joint relationship is complete, you will see that the four bearing components
then move to be in the proper position as they belong to the rigid group relationship
defined earlier within the Haas Fidget Spinner component document.

12. Repeat this process for the second instance of the Haas Fidget Spinner by creating a new
joint command. Try using the keyboard J key as a keyboard shortcut to activate the joint
command.

13. Select the center circle edge on the bottom face of the right fidget spinner and select the
circle edge near the zero-origin text on the fixture base shown below.

14. Note, the component 2 selection point will be on the same level as the Zero Origin text
sketch.

15. Before we accept this new position, ensure that it’s rotated into the correct orientation.

16. To visualize the orientation perspective, choose the Top view on the view cube.

17. Adjust the rotation slider handle or enter 30deg. for the joint alignment angle parameter.
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18. Click OK to accept this active joint relationship.
19. You should now have both Fidget Spinner components positioned accurately onto the
fixture base component as shown below.
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20. To complete the visualization of our manufacturing setup, proceed to create a new joint
relationship that will position the Fixture OP2 Clamp cap that will securely hold down
the fidget spinner component during the secondary machining operations.

21. Activate the Joint command and select the circular edge on the bottom side of the clamp
cap as component 1 selection; then for component 2 selection, pick an upper circular
edge of left bearing bore.

Gancal

22. Choose OK to accept this rigid joint relationship created by default.
23. Under the Create drop down menu, choose Pattern then Circular Pattern.

@ EDIT FEATURE

Type (L) Components  +

Objects

Axis [} 1selected X
Angular Spacing () Full

Q

Suppress

OK Cancel

24. Set the Type to Components, and for pattern Object, select the Fixture OP2 Clamp Cap
component.

25. Select the ID face of the center bearing as the Axis to rotate around.

26. Ensure Pattern Quantity is set to 3. Click OK to complete the Circular pattern.

27. Take notice of your design timeline and design browser.

28. The browser shows that there is now a total of three Fixture OP2 Clamp Cap components
in this manufacturing assembly.
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29. Considering the Clamp Cap components would actually be interfering with the three
bearings, you can hide the visibility of the bearings inside of the first instance of the Haas
Fidget Spinner component.

F todesk -
R (T ——— ~+0ero0@
R ——
w FRUC® FO0OUFPELBHn oMW = o I
CREATE » MODFY ASSEMBLE * CONSTRUCT * INSPECT ~ INSERT * SELECT*
e BROWSER L
D@ (@ rowesaset o

D le (O smssazt
D le O smssanz
Dl O sesweon
Dle O sswmsema
D le @ susmser
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D e O sizsmsses
Dle 9125143504
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30. Click the Save icon - to save your design.
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CONGRATULATIONS

You have successfully completed the guided lessons to create a CAD Model Manufacturing
Assembly project using Autodesk Fusion 360.

With Fusion 360 you can directly access additional learning resources. When inside of Fusion
360 near the top right corner of your screen, select the help icon.

Here you can access further self-paced learning tutorial guides and additional product
documentation.

#\ AUTODESK

x 4 M @ Kevinlee

T Show Learning Panel

Product Documentation

Tearning and Documentation I»

Self-Paced Learning

Product Documentation

Fusion 360 API

Quick Setup
Community > Self-paced learning for Fusion 360

Support and Diagnostics »

What's New

About

To learn more on the fundamentals for building mechanical assemblies in Fusion 360, check out
the self paced learning tutorial videos.

- GHUSrAPIuSE: ¥ = W 9

i 1
i [
o i

| Mechanical assemblies fundamentals | |Creat1’ng assemblies |
@ Tutorial @ video series
@ 14 videos @ 20 videos
@ Beginner @ Beginner
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LESSON 5

Defining a Manufacturing Setup

After completing this lesson, you will be able to:

e Create a New Manufacturing Setup

e Define Work Coordinate System (WCS)
e Identify Program Origin

e Determine Stock Size and Orientation
e Establish Post Processing Output

e Create a Secondary CAM Setup

Setup
Setup is an important first step in starting your
manufacturing process. These selections will help you

define the working model, stock size, fixtures and set the
Work Coordinate System (WCS) zero.

Available work environments

- Milling, 2 thru 5 Axis

- Turning & Mill/ Turn

- Waterjet, Plasma or Laser Cutting

- 3D Printing/ Additive

Setup is an important first step in starting your manufacturing process; where you’ll tell Fusion
360 what type of toolpaths to create (ie. Milling, Turning), which models are parts, which
models are fixtures and how big the raw stock material will be.

Understanding the importance of defining a manufacturing setup will define the purpose of
having the Manufacture workspace in Fusion 360.

CAM stands for Computer Aided Manufacturing. CAM is the step where you convert the part
model into a language that can be used for the manufacturing process (usually G code).
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Step1: Create a New Manufacturing Setup

1. Ensure that you are currently in the Manufacturing workspace.

F

B 8§ «-p~ @ 4C Project1 ACT Spoiler 26 © SETUR:SETUPS
MILLING TURNING ADDITIVE PROBING FABRICATION UTLITES 5 S t ' 51 L o P lP
== _ ; etup oc 5| Post Process
- i ) -
[f(=e]EI8oc BeHOL &2 ®
ez R 0+ DRLLING MULTLAXSS ¥ ¥ Setup
403 «hBc an Operation Type  Miling v
O unes: |
D - Named ©
pep o oNiog & Werwt A ¥ Work Coordinate System (WCS)
[ setupq “I° Probe WCS T
- Waterjet, Plasma or Laser Cutting QOrientation Model orientation -
- 3D Printing/ Additive
Origin Stock box point -
Stock Peint k Box Point
¥ Model
Model [s Body X
) Fixture
[i ] OK Cancel

2. Create a new setup by selecting the Setup icon drop-down arrow, choose New Setup as
shown above.

3. When defining a new setup, you will see three specific tabs; Setup, Stock, and Post
Process.

@ SETUP: SETUPE

¢ Setup ||inf Stock ||[Z] PostProcess

¥ Setup

Operation Type Milling -

4. Inthe Setup tab, set Operation Type to Milling as shown above.

5. With Milling Mode selected, our setup specifies the manufacturing process to align with
all types of milling machine configurations. Vertical and Horizontal milling machines
along with multi axis machines configured with 4t and 5t axis capabilities can all be
programmed in Fusion 360 with the setup operation type set to Milling.
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Step2: Define Work Coordinate System (WCS)

1.

By default, when creating a new setup, your Work Coordinate System (WCS) orientation

is set to Model Orientation.

Model orientation uses the orientation of the current part for the WCS orientation. This
means your setup WCS aligns to the standard plane orientation that was used when
creating the cad model in the Design Workspace.

© SETUP: SETUP3
o o E
¥ Machine
Machine  Select
v Setup
| Operation Type  Millng - |
v Work Coordinate System (WCS)
Orientation Model orientation
Origin Stock box point  ~
¥ Model
Model [} Nothing
O Fixture
[i] OK Cancel

Notice in the browser under the model origin folder, the X,Y,and Z axis of the CAD model
align with the WCS of your new Manufacturing Setup.

The setup WCS orientation is extremely important as this reflects the machining Z-axis
tool plane for the setup. The Z axis should point away from the machining plane.

Note the orientation of the Z axis and the tool spindle axis orientation shown below.

@ sere seTe

Notice that when you created this new CAM milling setup, Fusion 360 has encompassed
all the model components with a transparent stock representation. In this case, we want
to start with defining a CAM setup that will focus on side 1 machining operations.

You must identify the model component that you want to machine for side 1.
Remember, the model bodies defined in the setup are used to drive the toolpaths as the
CAM Setups create a relationship between the model and stock condition.

Select the model component to use for stock setup and ultimately toolpath calculations
as shown above.
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9. There are WCS orientation options available such as Select Z axis/plane & X axis, Select Z
axis/plane and Y axis, and Select X&Y axis.

10. These options allow you to select various faces and or edges to define the Z axis and
another face or edge to define either the X or Y axis.

11. However, the more visual way to align the WCS is to use the Blue, Red, Green arrows at
the WCS intersection point.

12. Note, the arrows themselves are broken into two sections, the head of the arrow and
base of the arrow.

13. Select the base of the red arrow to align the X axis of the WCS, then select a linear edge
on the model that aligns correctly in the X direction.

© SETUP: SETUP1 OPERATIONS

g o E

¥ Machine

Machine Select..

v Setup

Operation Type Miling v

¥ Work Coordinate System (WCS)

Orientation Select Z axisfj... v
Z Axis [} Nothing

Flip Z Axis (W]

= -]
Fiip X Axis

Origin Selected point
WCS Origin [y Sketeh... X
v Model

Model Iy Body X

v Fixture

Fixture Iy Bogy X

Fixture Attachment [} Nothing

(i) OK | [ Cancel |

C-aveQ-EBEas8Cre 7
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Step 3: Specify Program Zero Position

1.

Once your setup Work Coordinate System (WCS) is defined correctly it becomes
important to then specify where you want your program zero position to be. This
position establishes the (G90 absolute) zero position for the NC g-code program.
The Origin drop-down menu provides options to allow selection of the Model Origin,
Selected Point, Stock Box Point, and Model Box Point.

The WCS position is also shown with the white dot where the Blue, Green, and Red
arrows intersect. This WCS position will represent the X zero, Y zero, and Z zero position
of your NC G code program.

We want to match the WCS position to where the zero position is identified on the
Fixture Base component.

Scroll the Origin drop down list and choose the Selected point option.

Then select the point highlighted on the fixture base as the zero origin.

-0 A P @G- &V

Activate the fixture check box. The Fixture designation allows you to select other bodies
or components that can be used during toolpath simulation to verify tool/holder collision
detection.

Select the Fixture Base model component to be used as the Fixture in this CAM setup.

F Autodesk Fusion 360

B R 8 &7 T Fidget Spinner_Foture Base v23* @ SETUP: SETUP! OPERATIONS
(5 30

—e- 1] $@C BLIBOD HO ® R0 O H

MULTLAXIS * ACTONS * Machine  Select

MILLING TURNNG ADOTVE WSPECTON FABRICATION

« BROWSER L
4 © [ Femetspinoss faturs, . ©
D i Mamed Views
> Wl Orgn

v Setup

Operaton Type Ming.

¥ Work Coordinate System (WCS)
Onentaton Select Z waaly v
ZAm 1 Notang
FipZAaxs =]

Redge x

A B - -

(5 @ Fodure OP2 Clamp Cay.
4©F sews

4 o b BTN G
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Step 4: Defining Stock Material size

When defining a new setup, you will see three specific tabs; Setup, Stock, and Post
Process.

In the Stock Tab you will define stock shape and size.

There are several options such as: Fixed/Relative Size Box, Fixed/Relative Size Cylinder,
Fixed/Relative Size Tube, and from Solid.

1. With this Haas Fidget spinner project, we can select a Fixed Size Box.

© SETUP: SETUP1 OPERATIONS

0w E

¥ Stock

o

Ground Stock at Moc... (@

|Wmh x) 3in 2 |

Model Position Center

| Depth (Y) 3in = |

Model Position Center

Height () 0.375in

Offset Offset fromtop (+2)

Center

Round Up to Nearest
[®0Offset from bottom (-Z|

Offset from mode! origin

¥ Model

Model Width (X) 272196 in

Model Depth (Y) 296051 in

Model Height (Z) 03in

o oK Cancel

2. Enter the stock width (X) as 3in, depth (Y) as 3in., and height (Z) as 0.375".

3. Adjust the Z Height Model position to be Offset from bottom (-Z); and offset value set to
zero. This adjustment will position the bottom of the stock onto the model bottom face
which is aligned with fixture face.
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Step 5: Establish Post Processing Outputs

When defining a new setup, you will see three specific tabs; Setup, Stock, and Post
Process.

In the Post Process Tab you will establish some standard post processing output
credentials such as program number, program comment, and work coordinate (WCS)
offset value to be used when post processing a single or group of toolpaths.

1. With program number parameter, enter 1001.

2. With program comment we can reference our machining sequence of events and label
them as Sidel Operations.

3. It becomes important when post processing g-code that the zero position of our
program can easily be identified with in the machining envelope on the machine. Most
CNC machines allow for pre-setting specific machine coordinates and saving those
positions of where our parts are located in the controller known as Work Offsets.

4. Common Work Offset commands used in standard G-code NC programs can range from
G54 through G59.

5. The WCS Offset parameter allows you to specify a number 1-6.

6. Enter 1into this parameter field as this will force the post processor to output a G54
command to reference the zero position of your NC program.

© SETUP: SETUPS

o

¥ Program

I Prat_:rﬂm'--ﬂme.-'HumterI 1001

I Program Comment I Side1 Operation

¥ Machine WCS

WCS Offset 1

Multiple WCS Offsets N

(i ] OK Cancel
7. Click Ok to complete the process of creating a new manufacturing setup.

8. You will notice that a new setup has been created. Left-click twice on the setup to
rename it to Setup 1 Operations.

H

9. Click the Save icon to save your current state of design and manufacturing
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Step 5: Create Secondary CAM Setup

Considering we are going to machine both side 1 operations and side 2 operations all on
one fixture base component; it can be helpful to create a secondary CAM Setup to
assign a new program zero-point position with current stock representation.

Fusion 360 supports Automatic In-Process Stock Generation that calculates a visual
representation of the stock, known as in-process stock, which enables you to preview
the effect that each toolpath has on the stock. When you simulate a toolpath that has
in-process stock calculated, the simulation begins with an accurate representation of
the stock.

MILLING TURNING ADDITIVE INSPECTION FABRICATION

MANUFACTURE 13 @ = E A [
ACTIONS ¥

MANAGE ¥ INSPECT ¥ ADD-NS ¥ SELECT™ C-avcqQ-B @ 8 8 O

To turn the display of in-process stock on and off, use the Stock Visibility button in the
Navigation bar at the bottom-center of the canvas.

You can also define stock conditions within the CAM Setup by selecting another solid
body model which could be another body or component that is present within your
manufacturing assembly document.

Activate your current open document named Haas Fidget Spinner by selecting its tab at
the top of screen.

Note that when we created CAM Setupl you defined stock with a fixed size box that
locked onto the current model position of the Fidget Spinner sitting on the fixture for
side 1 machining operations.

Considering the second instance of the Fidget Spinner, for side 2 machining operations,
is located on the fixture in a different location; you can create a new body that
represents the current state of the stock so that it appears aligned correctly for side 2
operations.

+mo0es08
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4. To achieve this, you can make use of the Edit in Place feature.

In Fusion 360, Edit In Place lets you activate and edit an external component in the
context of the assembly without leaving the parent design. When you activate Edit In
Place, you can see the component in its real location within the assembly as you edit it.

An Assembly Context is the connection between a parent design and an external
component at a specific point in time. It holds positional information related to the
assembly. It is where geometry is derived to maintain the association to the parent
design.

5. Inyour browser, highlight and select the Haas Fidget Spinner component that appears
to be on the left side of the fixture and activate the Edit in Place command.

F Autodesk Fusion 360

# E 8 &« o P Haas Fidget Spinnervo X @ Fidget Spinner_Fixture Base v7*
SOLID SURFACE MESH SHEET METAL TOOLS
| = o o (8 N & i3 >~
| B b= 7 = B
R F (O b g = e
CREATE ¥ MODFFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERT ¥ SELECT~
<« BROWSER ol

4 |o DEDTETIETITN @ ©
Document Settings

Named Views

ER &

Selection Sets
Origin
Joints

Fixture Base:1
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)

D@ (O smssaza2

Dle @ szsauzanm

Dle O sz

Dle O szsnasen

Dle @ szsnmse

D le O szsnases

D e O szsansoes

D [® (I @ Haas Fidget Spinner va:1

D e[ Haas Fidget Spinner ... |
s

Dl® (b @ FutureoP2Campcapvi2

D e (b @ FixtureoP2Clamp capvi3

92695A213:1

6. Once activated, note that other assembly components become transparent and only the
Fidget Spinner component is active.
7. Create a new Sketch and select the top face of the Fidget Spinner component.
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8. Your perspective view may appear to be at an angle, so use the view cube to reorientate
your view perspective to be normal to the top view.
9. With in this new sketch, create a 3-point rectangle.

CH D0 T TSy ~4moeso@

ioses8sSO8Oi

'].: 1

-8y x Q-1

PBOIRS W8 a

10. Stretch out a 3-point rectangle, don’t worry if the rectangle shows incorrect alignment,
as you will define constraints to position accurately.

11. Activate the Collinear constraint and align the upper Horizontal blue line with the edge
of the fixture and the vertical rectangle line with the edge of the fixture.

12. Activate the Dimension command and dimension the length of both lines to be 3.0”.

b @ (O smswsaint
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13. Activate the Extrude command, select both profiles shown below, set distance to -0.3”,
and ensure the Operation type is set to New body.

F
Il B 8 & - P Haas Fioget Spinner v x P Fiogel Spinner_Fisture Base v7° « 4 B O

SURFACE SHEET METAL
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. onn
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14. Choose Ok to complete the extrude feature command.

15. To see more clearly, turn off the visibility of Body 1 of the Fidget Spinner component,
and turn off the visibility of all 4 bearing components inside the Assembly Contexts
folder.

F Autodesk Fusion 360
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16. Rename the new body to OP2 Stock.
17. Turn off the visibility of the Fixture Base component.
18. Create a new sketch on the bottom face of the OP2 Stock body.

II [ AL RO R T — B Y e rer——
St oo

FOUPS+ 8 == B

-2 EE

19. Turn on the visibility of Body 1 inside of the Haas Fidget Spinner component.
20. Activate the Project command under the Create drop down menu and select the fidget
spinner body profile as shown below. Click OK to complete the command.

| ar P P Haas Fidget Spinner @ x W Fidget Spinner_Fixture Base v7*

SOoLD SURFACE MESH SHEET METAL TOOLS SKETCH
v Silli ] N | —_ @ 7l — |
mea- | D@ N A €CLLO=7XBA0YIY = 1
CREATE ¥ MODFY ¥ CONSTRAINTS ¥ INSPECT ¥ 1
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D SelectonsSels
D orgn
D -
D (8 Fodure Base:t
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D e (J sizsaszm2
D Je (J sizsiasses
D @ (0 sizsiase2
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D © M Joits

4 © Ml Bodies

Na - |

@® () oP2stock

© PROJECT

Selection Fiter ¥ (1)

Projection Link @

OK Cancel

D i Assembly Contexts
() sorKet:t
() sorken4

A vd

21. Activate the Offset command, select the outer edge profile for geometry and enter
0.030” for Offset position amount. Click OK to complete the command.
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E Autodesk Fusion 360
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22. Activate the Extrude command and select the closed offset profile geometry as shown
below. Set an extrude distance of -0.1” and ensure Operation type is set to Cut. Click OK
to complete the command.
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23. Turn on the visibility of the Fixture Base component.

24. To end the active Edit in Place context, select the green check mark at top center area of
the canvas.

25. Notice that this additional body named OP2 Stock appears in both instances of the Haas
Fidget Spinner component.

26. Move from the Design workspace into the Manufacture workspace where you can
assign this new OP2 Stock body effectively.

27. Create a new Manufacturing Setup, set Operation Type to Milling, then choose the
second instance of the Fidget Spinner body to establish the model to be machined.
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28. Change the Origin definition drop down menu to Selected Point and click Zero Origin
point a shown below.
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¥ Work Coordinate System (WCS)
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29. Notice the WCS blue, red green arrows are not aligned correctly.

30. Highlight the base of the red arrow, then select a linear edge on the fixture body that
points in the direction of the red arrow.

v setup
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31. The red arrow head may point in the wrong direction, if so, select the head of the red
arrow to reverse the direction.

32. Ensure that your WCS is aligned correctly and positioned accurately as shown below.
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33. In the stock definition, second tab, select the From Solid option, then select the OP2
body shown above.

34. Also, activate the Fixture check box and select the Fixture Base component, hold down
control key, and multi select the three Fixture OP2 Clamp Cap components.

@ SETUP: SETUP2 OPERATIONS

A

¥ Machine

Machine  Select

¥ Setup

Operation Type Miling
¥ Work Coordinate System (WCS)
Orientation Select Z axistj... v
ZAxis [} Nothing

Flip Z Axis Q

X Axis [y Edge X

Fiip X Axis

Origin Selected point v
WCS Origin I} sketch... X
¥ Model

Model [y Bogy X

v @ Fixture

Fixture

Fixture Attachment [ Nothing

35. In the Post Process Tab, you will establish some standard post processing output
credentials for this new secondary Cam setup.

36. With program number parameter, enter 1002.

37. For the program comment, we can reference our machining sequence of events and
label them as Side2 Operations.

38. Set the WCS Offset value to 2 so that your post processor will output G55 as work offset
position to use on the machine for side 2 toolpath operations.

39. Click OK to complete the CAM setup.

40. Move back into the Design workspace, activate the Edit in place command on the Haas
Fidget Spinner component, and turn off the visibility of the OP2 Stock body as shown
below.
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41. To end the active Edit in Place context, select the green check mark at the top center
area of the canvas.

42. Move back into the Manufacturing workspace, and turn on the visibility of the Fixture
Base, both instances of the Fidget Spinner, and all three Fixture OP2 Clamp Cap
components.

43. In the Manufacturing Setups folder, rename Setup2 to be called Setup2 Operations.
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44. To synchronize the active component visibility with the active CAM setup visibility,
ensure that Sync view with active setup and Sync visibility with active setup are both
activated with check box located at bottom area of canvas.

¢-dY a8 @ g e

Sync view with active setup
Sync visibilty with active setup

@ 7

45. Now, when you select the Setupl Operations folder you will, visually, see the yellow
transparent representation of stock condition for setupl shown below.
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46. Likewise, when you select the Setup2 Operations folder, you will see visually the yellow
transparent representation of stock condition for setup2 shown below.
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47. Click the Save icon o to save your design.
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CONGRATULATIONS
You have successfully completed the guided lessons to define multiple Manufacturing
CAM Setups using Autodesk Fusion 360.

Within Fusion 360 you can directly access additional learning resources. When inside of
Fusion 360 near the top right corner of your screen, select the help icon.

Here you can access further self-paced learning tutorial guides and additional product
documentation.
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Fusion 360 API

Quick Setup
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To learn more on the fundamentals for 3D modeling and collaboration in distributed
designs using Fusion 360, check out the self paced learning tutorial videos.
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LESSON 6

Manufacturing CAM Setup#l
After completing this lesson, you will be able to:

e Create a Facing operation

e Understand High Speed Adaptive roughing
e Finish profile features with 2D contour

e Duplicating Operations

e Apply deburring Chamfer operations

e Verify Toolpaths with Stock Simulation

Face 2D Adaptive 2D Contour
Produces quick part facing to Creates an optimized A finishing strategy that
prepare raw stock for roughing toolpath avoiding follows open or closed
machining. abrupt directional changes. profiles that can be on

different Z levels.

2D Milling is a planer machining process. It's sometimes called 2.5 axis machining because all of
the cuts are limited to a 2-axis plane (normally XY) and the depth cuts are taken in the 3™ axis
(normally Z). When you select the 2D pull down menu, there are a variety of toolpaths that
represent this type of 2.5 axis machining.

Note that in Fusion 360 all 2D toolpath strategies require geometry (face or edge) selections to
drive the toolpath.

3D Milling is a multi axis simultaneous tool motion that follows the model geometry. When you
select the 3D pull down menu there are several toolpaths including both roughing and finishing
strategies. In Fusion 360, 3D toolpaths get applied to model body geometry allowing for tool
boundary control, slope containment and check surfaces to avoid.

You will find some of the parameters will be similar between toolpath 2d and 3d strategies.
Selecting a tool from the library, editing tool parameters, feed rates, and setting the machining
heights will be common to all toolpaths.

Combining both 2D and 3D toolpath strategies to machine your part allows for seamless CAD
revision updates, easy geometry selections, and automatic toolpath calculation workflows.
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Step 1: Create a Facing Operation

The Face toolpath is often the first operation performed on raw stock material to
prepare it for further machining. Typically, the depth of material to be removed is the
distance between the top of the stock and the top of the model.

The Face toolpath helps ensure flatness on a surface so it can sit flat on a vise or fixture
for accurate machining. It can also be used for clearing flat areas in general.

1. With your currently open active document, Fidget Spinner_Fixture Base, ensure you are
in the Manufacture workspace.

2. Be sure that CAM Setupl Operations folder is active and select the Face operation in the
2D drop-down menu.
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3. For the most part, every toolpath strategy will open with having access to 5 tabs of
information; Tool, Geometry, Heights, Passes, and Linking.
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@ FACE : FACE2

¥ 0 0 H =

Tool 5l

Tool Select...
Coolant Flood A

4. Inthe Tooling Tab, click Select, to find a tool.

5. The tool selection dialogue box opens allowing you to select a tool from sample tutorial,
local, or cloud libraries.

6. On the left, scroll down the list of tool libraries and in the Sample Tools-Inch library,
select tool , the %" Flat Endmill as shown below.

¥vO O HES

¥ Tool

| ¥ setect Tool o X

Filters T
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© Millin

£ Nemea Corner radius  Diameter

01875

0in 01875 ir

T

¥ Feed & Speed

Type

Preset

Fusion 360 Library | Spindie Speed

Holders - Standard Taper Blanks

Surface Speed

Ramp Spndle Speed 150

I Cutting Feedrate

Lollipop mil

Slot mil
Cutting data

Thread mill Ramp Feedrate

Select a tool

Em e 1 ema

[

7. Adjust the Spindle Speed RPM to 15000 and change the Cutting Speed to 10 inches/min.
as shown above for this toolpath operation.

8. Inthe Heights Tab, you will notice that the Top Height of the toolpath will begin at the
Stock top reference, and the Bottom Height of the toolpath will machine down to the
Model Top surface. Remember, this relationship between the model and stock definition
was established when creating the CAM setup.
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9. Click OK to finish creating the Face toolpath operation.
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10. Click the Save icon = to save your design.
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Step 2: Understanding High Speed Adaptive Roughing

The 2D Adaptive Clearing is a roughing toolpath strategy that avoids abrupt directional
changes. You can clear a cavity, open pocket, or the area around a boss by selecting the
edges, sketches, or solid faces as the machining area.

Sudden changes in how much the tool is engaged while cutting material around it can
cause tool breakage. To avoid sudden changes in tool engagement, 2D Adaptive Clearing
maintains a constant engagement between the tool and its surrounding material. The
Optimal Load parameter sets the level of engagement and can be adjusted depending on
the tool manufacture’s recommendations.

The 2D Adaptive Clearing toolpath is preferred for roughing simple pockets and other
simple geometry whereas 3D Adaptive Clearing offers more control and can be used for
more complex geometry.

1. On the Manufacture workspace toolbar, click Milling > 2D> 2D Adaptive Clearing to
create a new toolpath.
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2. Notice this new toolpath automatically uses tool 4, the tool from the previous operation.
3. Inthe tooling tab, choose the tool Select button.
4. Right click on tool 4, and select Edit tool.
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5. Inthe Post Processor tab, of the Tool Edit dialogue box, change the tool number from 4
to 1, and Enter. Notice that the tool Number, Length Offset, and Diameter Offset are
now matching.

6. In the Cutting data tab, adjust the Spindle Speed RPM to 15000 and change the Cutting
Speed to 10 inches/min. This time you are editing the feeds and speeds of the tool so
that every time you select this tool from your document library, the tool will use these
feeds and speeds.

7. Choose Accept to complete the tool edits.

8. You will get a notification asking if you want to update the listed operations to use the
new feeds and speeds, select Yes.

9. Inthe Geometry Tab, select the 4 pocket inner bore edges, the lower rails of the bore

© 2DADAPTIVE : 2D ADAPTIVE3
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v Passes
Tolerance 0.004 ir &
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Direction climz ~
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v [@ Muttiple Depths
(O stock Contours
Maximum Roughing Stepdov... 0.3
Rest Machi
@ Res g Order by Depth @
@ wrap Toolpath Order By Area @
@ Tool Orientation v [@ Stock to Leave
— 0 Radial Stock to Leave 002in &
Axial Stock to Leave 0.02in &
@ smoothing
(0 Feed Optimization
L] Cancel

10. In the Heights Tab, set Bottom Height from Model Bottom and apply a -0.010” offset.

11. Adjust the Optimal Load to 0.1” in the Passes tab, activate Multiple Depths and set
Maximum Roughing Stepdown to 0.15”. Ensure Stock to Leave parameter is turned on,
leaving 0.020” Radial Stock to Leave, and leave 0 on Axial Stock to Leave.

12. Click OK to finish creating the 2D Adaptive toolpath operation.
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13. Click the Save icon = to save your design.
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Step 3: Finish Features with 2D Contour

The 2D Contour creates a toolpath based on a contour selection, which is an outline of a part
or feature profile. You can select a sketch or an edge on the part for the contour selection.
The contour selections can be open chains and can be on the inside or outside a part. In 2D
contour, the cutting motion always takes place on a 2D plane.

2D Contour is commonly used as a finishing toolpath allowing for tool radius compensation.
You can use multiple finishing passes to avoid cutting the full width of the cutter. You can
also machine tabs to help hold a part in place, useful when cutting on a sheet of material.

The 2D contour toolpath is ideal for straight walls whereas 3D Contour is useful for tapered
walls and organic surfaces.

1. Under the 2D toolpath drop down menu, you can choose 2D Contour.

2. However, in this instance, considering we want to finish the same geometry profile
selections that were used for 2D Adaptive, you can Derive a new operation from an
existing toolpath.

3. Create a derived operation by right clicking on your 2D Adaptive toolpath, select Create
Derived Operation, then expand open the 2D Milling menu, choose 2D Contour.

B
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Note that Derived toolpaths lets you copy the parameters of an existing toolpath
operation and use in it a different type of toolpath.

4. A new 2D contour strategy is created that contains as much information as possible from
the previous 2d Adaptive operation such as tooling information, geometry selections,
and height settings.

5. In the Passes tab, adjust Maximum Roughing Stepdown to 0.200”, and ensure Stock to
Leave is disabled.
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6. Itis always safe to ensure the minimum distance between the tool and the part surfaces
during retract moves by setting the Safe Distance to 0.1” in the Linking tab; then click OK
to finish the 2d contour toolpath settings.

H

7. Click the Save icon to save your design.
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Step 4: Duplicating Operations

To save time when programming multiple toolpaths, you can reuse most of the settings of a
toolpath by using Copy, Duplicate, or Created Derived Operations as completed in step 2.

5.

Your previously created 2D Adaptive toolpath can be reused but reapplied to new
geometry, right click on it and choose Duplicate.
S o

R ;”;_" WOE B 4o T xll

« BROWSER

e 7 [5] @S0 BESHOM FP? W RN SCIE HABB ¢
e »- o oinor | e | woere s i -
< e o (s ——

[E] post rocess
4 © () Foget Spnner_Fixture Basd [2] Seup Sneet

Q uvesn Cloar Toobatn
D M Names Views @ Mochining Time
4 © ([ voses © show v
D © (b |Fgerspnerl  severwoneters osDotauts

The newly created duplicated operation appears as a direct copy under your original 2D
Adaptive toolpath.

Select the duplicate operation, right-click and edit, and reselect new geometry to drive
the toolpath.

Select the upper outer edge profile of the Fidget Spinner to confirm a new pocket
selection.
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In the Heights tab, set Top Height of toolpath to Model Top, and set Bottom Height of
toolpath to Model top as well but with a -0.040” offset.
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6. Deactivate the Multiple Depths check box in the Passes tab and ensure Stock to leave has
0.020” set for Radial stock to leave.

7. Choose OK to confirm adjustments.
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8. This 2D adaptive operation is mainly used to remove the extra stock material from
around the outside profile so that you can apply a chamfer toolpath operation to debur

all machined edges before it gets flipped upside down to complete side 2 machining
operations.

9. Click the Save icon = to save your design.
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Step 5: Deburring with Chamfer Toolpaths

2D Chamfering lets you mill beveled edges on a part. There are two ways to program a chamfer,
depending on whether the CAD model already has chamfered features or not. In both cases,
you can use the 2D Contour strategy to chamfer the model.

Alternatively, you can also use a 2D Chamfer toolpath for chamfering edges that do not have
CAD modelled chamfer features.

1. Under the 2D toolpath drop down menu, create a new 2D Contour toolpath strategy.

2. Inthe Tooling tab, select a new library tool.

3. Inthe tool library filter selection, enable the Engrave/Chamfer tool filter and ensure the
selection filter is searching all of the Fusion 360 libraries.

4. In the Tutorial — Inch library, scroll list to tool 19, the %" 45 degree engrave/chamfer tool
and choose Select. Now that a library tool has been selected for this toolpath operation,
in the Tooling Tab of this operation, choose select again, then right click on tool 19, and
choose Edit tool.
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5. Edit the tool in the Cutter tab, adjust the diameter to 0.25”, shaft diameter to 0.25”, tip
diameter to 0, and 1.0” for the tool Length below holder.

6. Inthe Cutting Data tab, set both spindle speed and ramp spindle speed to15000 RPM,
and 10 in/min feedrate.
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F Select Tool O

Fidget Spinner_Fixture Base vi2 / E 1- @1/4" 45° (Engrave/Chamfer mill)
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Cancel
7. Inthe Post processor tab, set the tool number to 1. In most cases with CNC machines
that have tool changers, you would have a different tool number for each different tool
used in toolpaths.
8. Choose Accept to finish tool editing parameters.
9. Inthe Geometry tab, select the lower chamfer edges of the 4 bore features on the model

as shown below.
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10. Ensure that the Bottom Height parameter in the Heights tab is set to Selected contour.
11. Notice in the passes tab, since you have a chamfer tool selected, there now is a Chamfer
settings parameter that lets you define Chamfer Width and Chamfer Tip Offset amount.
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12.

13

14.
15.
16.

Chamfer Tip Offset
Chamfer Width Tool Tip Qlearance Extension

Chamfer Width sets the width of the chamfer for edges that are not already chamfered
on the model. For Chamfered edges, this is an additional offset; similar to using negative
stock to leave.

Chamfer Tip Offset adds to the toolpath depth, while keeping the tool in contact with the
selected edge by adjusting the toolpath radial offset, essentially cutting the chamfer with
the top of the cutting flutes on the chamfer tool.

Considering the model already has modeled chamfers and that we selected the lower
edges of the chamfer feature, leave Chamfer Width set to 0.

. Adjust the Chamfer Tip Offset to 0.020” to machine the chamfer further up the cutting

flutes to avoid machining with the tip of the tool.

v Chamfer

Chamfer Width Oin

Chamfer Tip Offset 0.02 in

Select Ok to complete the contour toolpath.

Rename this operation to be called Bore Chamfers.

Duplicate this Contour operation and rename the duplicate toolpath to be called Profile
Chamfer.
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17. Re-select the driving geometry for the 2D Contour_Profile Chamfer operation by going
into the geometry tab, clear the previous (4) selections, and reselect the outer lower
chamfer edge profile.

@ 20 CONTOUR - 20 CONTOUR _PROFILE CHAM
vo o=

= v Geometry

18. Select Ok to complete the contour toolpath adjustments.

H

19. Click the Save icon to save your design.
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Step 6: Verify Toolpaths with Stock Simulation

After completing this lesson, you will be able to:

e Verify toolpath simulation seeing material be removed from stock
e Adjust stock transparency
e Visualize machining action and tool motion

Toolpath simulation in the Manufacturing workspace visualizes the movement of a tool as it
travels along a toolpath, showing how much stock material is cut away with every operation.
Simulating gives you the ability to validate toolpaths, and check for potential collisions, before
you post process operations.

You can simulate a single toolpath, a combination of toolpaths, or an entire setup. Toolpaths
are simulated in the order that they appear in the Browser.

When including the visualization of stock during simulation, the colorization option lets you
decide how the stock looks. You can show the stock in a chosen material, apply different colors
depending on the current operation or the type of tool, or use comparison colors to indicate
when too much, or not enough material has been cut away.

You can control the opacity of the model during simulation, so that the model does not obscure
the stock, for better stock visualization.
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1. To verify toolpaths with stock simulation, right-click on Setup1 Operations folder and
choose Simulate or alternatively you can activate simulation under the Actions drop
down menu.

£

BB B 6o | comsemx O Fidget Spinner_Fisture Base v3* ~+BO0© 409

Yow Operston ¥ | mseecmon FABRICATON

UTLITES
@ create From Tempiste » ‘
o CoMes HP2 % 22 mahbek = N
SETUP™ | EE] Creste NC Program 12 DRLLNG ¥ MULTLAXS MOOFY > ACTIONS * MANAGE * WSPECT®  SELECT™
« sRowseR | v Pt
4 © (b Foget Spiner_Futun{ & Generste G 2
D v [Esmme ] \V

D

D @ @ [M0ad D Hoeal -
D @ @ [T20Ad  Save Porameter sa Detauts

D @ & mu20ce 0] Sweress

D @ & muaocef [ Prowect
D @ & mizoce 0 optona

Expang Al Chidren

| ) Cotapse A1 Crasren

2. Inthe simulation dialogue box, in the Display tab, activate the tool to be transparent.
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3. Ensure toolpath simulation mode is set to Tail and Colorization is set by Operation.

Turn on Stock material to be Transparent.

5. Proceed to select the play button to visualize the tool removing material from the stock
body.

B
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6. Once toolpath simulation is complete you will see a visual representation of the current
machined condition of the stock

7. Try adjusting some of the simulation display options such as setting toolpath mode to All
toolpath.
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8. Additionally, you can try changing the Stock colorization to Comparison mode.
9. This mode shows exactly where left over stock material is remaining in blue color.
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10. You can also explore both the Info and Statistics tabs for additional information such as
estimated machining cycle time.
11. With having toolpath simulation fully verified you can proceed to close simulation mode.

H

12. Click the Save icon to save your design.
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CONGRATULATIONS

You have successfully completed the guided lessons to create toolpath strategies for
Manufacturing CAM Setup1 using Autodesk Fusion 360.

With in Fusion 360 you can directly access additional learning resources. When inside of
Fusion 360 near the top right corner of your screen, select the help icon.

Here you can access further self-paced learning tutorial guides and additional product
documentation.

£\ AUTODESK

x 4 M @ Kevinlee
| o [

1 Show Leamning Panel

Product Documentation

Self-Paced Learning [ tearning and Documentation |»
Fusion 360 API Community > Self-paced learning for Fusion 360

Support and Diagnostics »

What's New

About

To learn more on the fundamentals of Milling using Fusion 360, check out the self paced
learning tutorial videos.

R S S

| Fundamentals of milling

@ video series
@ 17 videos
@ Beginner
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LESSON 7
Manufacturing CAM Setup#2

After completing this lesson, you will be able to:

e Copy toolpaths to another Setup

e Reapply toolpaths

e Set Chamfer Tip Offset

e Verify with Toolpath Simulation

e Create Setup Sheet Documentation

Fusion 360 allows you to build on your work with effective ways of quickly creating new
toolpaths operations from existing operations. Rather than creating new toolpaths for the 2™
side of the part, you can use proven toolpaths from CAM Setup#1.

Copying existing toolpaths will improve work flow, reduce programming time and produce
consistent toolpath output. We don’t need to copy all of the toolpaths, only select toolpaths
from Setup1.
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Step 1: Copy and Paste Toolpaths

1. With your currently open active document, Fidget Spinner_Fixture Base, ensure you are
in the Manufacture workspace.

2. Be sure that CAM Setup?2 Operations folder is active; and select secondary 2d adaptive
operation,2d contour operation, and 2d contour_Profile Chamfer operation from Setup1l
Operations folder, right click, and choose copy.
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3. Then right-click on Setup2, and choose paste.

4. Once the operations have been copied, you’ll notice that they are marked with a red
exclamation mark. This is a dirty toolpath, meaning, something has changed in a way
that the toolpath is no longer valid.

5. When you highlight the 2d adaptive toolpath you will notice that it really is a copied
toolpath as it still uses the geometry selection that was defined for Setup#1.
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Step 2: Reapply Toolpath Geometry Selections

1. Select the 2d adaptive toolpath in Setup2 Operations folder, right-click, Edit toolpath.
2. Inthe geometry tab, clear the previous geometry selection, and reselect the outer
profile, the lower chamfered edge.

F Autodesk Fusion 360 = o X
® E 8« @ Fidget Spinner_Future Base v19* x ‘*a. 4 0 8
MILLING TuRNIG ADOMVE NSPECTION FABRICATION uTLTES
o 2= e A : / s [ =
e [ @O BEOHOM H2 ¥ L SE HAE = L4
65 o> 0° DRLLNG®  MULTHAXS™ woDFY ¥ AcTiONS ¥ MANAGE * wWSPECT®  SELECT®

& BROWSER

L

A © (}y Fioget Spianer_Fdure Base v19

B v

D W NamedViews

1)
(4 © (1 Fidget Spinner_Fixture Base vis:t &) @ 2DADAPTIVE - 2D ADAPTIVES (2)

2 V@FlosEs
v Geometry
» @& [T1)Face

@ (11120 Adeptves E A\ Contour Mode Selected pockets

e Ce—
€2 [T1]20 Contour _Bore Chamfers
&2 (71120 Contour _Profie Chamfer \ @ stock Contours

@ [T11] 20 Adaptive3 (2)

< [T1]2D Contour2 (2)

&2 [T1] 20 Contour _Profie Chamfer (2)

@ Rest Machining

© wrap Toolpath

@ Tool Orientation

o oK Cancel

3. Inthe Heights tab, adjust the Bottom height to be from Model Bottom, with 0 Offset,
and adjust the Top Height to be from Model Top.
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4. The 4t tab, the passes tab, will have all the same parameter settings as the adaptive
operation in Setup#1 because this is a copied toolpath.

5. However, considering this new operation will be roughing away lots of material from the
outside profile of the part; it’s best to add some depths of cut so that tool can machine
safely.

92 |Page
»2 AUTODESK

Learning Partner



6. In the Passes tab, enable Multiple Depths and set Maximum Roughing Stepdown to
0.150".
7. Select Ok to calculate toolpath.

8. Repeat this process but for the 2D contour toolpath operation.

9. When editing the 2D contour toolpath, reselect new driving geometry in the geometry
tab, select the same outer edge profile.

10. Ensure the red arrow is on the outside of the geometry selection.
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() OK Cancel
Offset Oin
(i ] OK | cancel

11. In the Height tab, adjust the Bottom Height to be from Model Bottom with a 0 offset
amount.

12. Adjust the Maximum Roughing Depths cut to be 0.150” in the Passes tab.

13. Select Ok to calculate toolpath.
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14. Repeat this process but for the 2D contour_Profile Chamfer toolpath operation.

15. When editing the 2D contour toolpath, reselect new driving geometry in the geometry
tab, select the outer edge profile.

16. Ensure the red arrow is on the outside of the geometry selection.

17. Select Ok to calculate toolpath.

18. All 3 toolpaths should now have updated toolpath geometry that effectively machines
the for Setup#2 Operations.

H

19. Click the Save icon to save your design.
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Step 3: Setting Chamfer Tip Offset Amount

The Chamfer Tip Offset parameter located in the Passes tab; adds an amount to the toolpath

depth, while keeping the tool in contact with the selected edge by adjusting the toolpath radial
amount.

Chamfer Tip Offset
Too! Tip Qlearance Extension

If the CAD model has already been chamfers, the easiest way is to select the lower edge of the
chamfer. This puts the tool chamfer corner at this position, and you only need to adjust the tip
offset if you want to go some distance below the lower edge.

1. Now when you right-click on toolpath, and simulate; you will notice that the tool actually
interferes with the Fixture OP2 Clamp Cap component.
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2. Edit the toolpath, in the Passes tab, adjust the Chamfer Tip Offset amount to be 0.050”,
and hit OK to regenerate the toolpath.

3. Now you will see that the toolpath is forced down deeper, effectively machining the
chamfer further up the cutting flutes. This, inherently, adjusts the toolpath radial amount
to provide clearance for the tool to not interfere with the Fixture OP2 Clamp Cap
component.

[n

H

4. Click the Save icon to save your design.
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Step 4: Verify Operations with Toolpath Simulation

1. To verify toolpaths with stock simulation, right-click on Setup2 Operations folder and
choose Simulate or alternatively you can activate simulation under the Actions drop
down menu.

2. In the Simulation dialogue window, ensure Stock is enabled and colorization is set to
Operation.
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4. Once complete, and you are satisfied with expected toolpath behavior, close the
simulation.

H

5. Click the Save icon to save your design.
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Step 5: Create Setup Sheet Documentation

The Setup Sheet is generally output for the machine operator and can be viewed in any
standard web browser.

Setup Sheet for Program 1001

Procram Comment: Side1 Operations
Joe Descriemion: Setup1 Operations
Document Parw: Fidget Spinner_Fixture Base v3

Setup

WCs: #1

SToCK:

DX: 3in
DY: 3in

DZ: 0.375in

ParT:
DX: 2.722in
DY: 2.961in
DZ: 0.3in

STock Lower IN WCS #1:
X:-3in
Y: -3in
Z:-0.25in

Stock Upper IN WCS #1:
Oin
Y: Oin
Z:0.125in

This is the documentation about the stock size, job description, zero position, tool, feeds,
speeds and work offsets. It can be printed and sent out to the shop floor or, if the operator has

a PC at the machine, it can be made available on the network without the need to print a
document.

You’ll be given a choice of where to save the Setup Sheet file. If you’re on a network you can
save this to a folder that the operator can access. This will save paper and insure the operator
has access to the most current Setup Sheet information.

1. To create Setup Sheet documentation, right click on Setup 1 Operations, choose Setup
Sheet. Another way of creating a setup sheet, choose the setup sheet icon in the Actions
menu in ribbon bar as shown below.
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2. Confirm your Setup Sheet Output folder destination.
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3. A new setup sheet html document should appear on your screen.

4. Notice, how it creates a screen capture of your Fusion 360 design showing WCS
orientation and transparent stock.

5. Setup Sheet Documentation contains useful information such as: stock dimensions
compared to part dimensions, number of operations, number of tools being used, cutting
distance, and estimated cycle time.

6. Further information is provided that includes selected tooling information and toolpath
operation order.

Tools

T1D1L1

Tyee: flat end mill
Diameter: 0.25in
LencTH: 1in
FLuTtes: 3

Minimum Z: -0.26in

Maxamum Feeo: 20in/min

Maxanum Seinoce Seeeo: 15000rpm
Cutting Distance: 269.622in

Rarip DisTance: 68 .23in

EsTimaTeD CvcLe Time: 22m:37s (98.9%)

Hovoer: Maritool CAT40-ER32-2 35
Vewnoor: Maritool
ProoucT: CAT40-ER32-2.35

Operations

Operation 1/6

Stratecy: Facing

DescrirTion: Faced

Masxanaum Z: 0.725in
Miramum Z: 0.05in

T1D1L1
Tyee: flat end mill
DiameTer: 0.25in

WCS: #1
ToLerance: 0.004in

OpTimaL Loap: 0.1in

% AUTODESK

Learning Partner

DescrirTion: 20 Adaptived
StraTeGy: Adaptive 2D

Stock To Leave: 0.02in/0in
Maxmum sTerpown: 0.3in

Loap peviation: 0.01in

Maximaum Z: 0.725in

Mirmum Z: -0.26in

Maximum SpinoLe Seeeo: 15000rpm
Maximum Feeorate: 20in/min

Cutning Distance: 110.113in

Rapip Distance: 15.922in

EsTimater CrcLe Time: Tm:22s (32.2%)
Coocant: Flood

WCS: #1 Maximum SpinoLe Seeeo: 15000rpm LensTH: 1in
ToLerance: 0in Maximum Feeorate: 20in/min FLuTtes: 3
Maximum sTerover: 0.2in Cutming DisTance: 52 887in

Rapip Digtance: 1.05in

EsTimaten CroLe Time: 5m:16s (23%)

Coovant: Flood
QOperation 2/6 TID1L1

Tvee: flat end mill
DiameTer: 0.25in
LensTH: 1in
FLuTes: 3
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LESSON 8
Haas Desktop CNC Mill
&
Work Holding Setup
After completing this lesson, you will be able to:

e Secure Work Holding Fixture

The Haas Desktop Mill is a compact CNC milling training machine for schools and technical
colleges. Powered by a full-function Haas CNC control housed in a portable simulator
enclosure. The Desktop Mill is perfect for teaching the basic principles of programming and
operating a CNC milling machine. Designed to cut plastics and machinable wax, it is also perfect
for hobbyists and benchtop machinists.
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Although the Desktop Mill is small, it has the same functionality and controls as full-size Haas
machines, so nothing is lost in translation when transitioning from the Desktop Mill to a
production machine.

So, students and hobbyists can learn actual machine operation and programming techniques,
without needing the space or resources required for a production machine. Operators have full
access to, and quickly learn, all the powerful functions of the Haas control, such as the easy-to
use Visual Programming System (VPS), M130 media display, WiFi networking, HaasDrop and
more.

Full Function Haas Control

Teaching CNC setup, operation, and programming has never been easier or more economical.
This desktop milling machine may look small but has big features that include:

e Same full-function Haas control and interface as all Haas machines

e Can be placed on a desk, table, cabinet, or mounted to a rolling toolbox

e Turn any space into a CNC learning lab

e Does not need compressed air

e Does not need coolant, coolant maintance, or disposal

e Runs on single-phase 120V or 220V power (must be specified at time of order)
e No dedicated power drop needed, just plug into the wall

For additional product information please visit:

https://www.haascnc.com/machines/vertical-mills/desktop-mill.html

101 |Page
»2 AUTODESK

Learning Partner


https://www.haascnc.com/machines/vertical-mills/desktop-mill.html

Step 1: Secure Work Holding Fixture

CNC machining requires effective work holding that ensures the part will remain stable, fully
secure and can withstand the forces exerted during the machining process. Work holding can
be as simple as using a vise clamped to the table or fixtures can be specifically designed to
secure unique part shapes.

1. The Haas Desktop CNC milling machine may come with an additional learning kit that
includes a specially designed and manufactured work holding fixture as shown below.

2. This training guide has shown in earlier lessons the Fusion 360 CAD model work holding

fixture.

Proceed to mount the work holding fixture on the machine table so that the front edge

of the fixture is a minimum of 1-1/8” from the front edge of the machine table as shown

above.

4. Note that the bottom side of the fixture is keyed to align with the t-slot of the machine
so that when its clamped tightly to the table, the fixture is aligned perfectly with the X
axis of the machine.

5. This keyed feature on the fixture removes the need for dialing in the fixture to ensure
alignment with the machine axis.

w
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LESSON 9
Qualify Tool Lengths & Work Offsets

After completing this lesson, you will be able to:

e Understand Machine Offsets

e Set Tool Length Offsets

e Qualify G54 Fixture Work Offsets- X & Y axis
e Qualify G54 Fixture Work Offsets Z axis

e Calculate G55 Fixture Work Offset

CNC motion is based on the Cartesian coordinate system. A CNC machine cannot be
successfully operated without an understanding of how the coordinate systems are defined in
CAM software in conjunction with the CNC machine controller and how the two systems work
together.

Typically, the machine work coordinate system (WCS) is set on the CNC machine so the
machine knows where the part is located within the machinable workspace.

00L_INF TOOL OFFSET TOOL_INFO >>
DIA;

OFFSET | POSITION | GEOMETRY VEAR GEOMETRY

kﬁv
g |5

PPPPPPPPP
epppoPRd

<<_TOOL OFFSET T00L_INFO TOOL_OFFSET
TooL 1 ACTUAL T00L
T

SPINDLE

1
2
3
4
5
6
7
8
9
EN

os
TER A VALUE

When a CNC machine is first turned on, it does not know where the axes are positioned in the
workspace. Home position is found by the Power On Restart sequence initiated by the operator
by pushing a button on the machine control after turning on the control power.

The Power On Restart sequence simply drives all three axes slowly towards their extreme limits
(-X, +Y, +Z). As each axis reaches its mechanical limit, a microswitch is activated. This signals to
the control that the home position for that axis is reached. Once all three axes have stooped
moving, the machine is said to be “homed”.

Machine coordinates and offsets thereafter are in relation to this home position.
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Step 1: Understanding Machine Offsets

For the most part, it is difficult to place a vise or fixture in the exact same position on the
machine each time; the distance from the Home position to the WCS is usually not known until
the vise/fixture is set and aligned with the machine axis.

To complicate matters further, different tools extend out from the machine spindle at different
lengths. For example, a long end mill extends further from the spindle face than a stub length
drill. If the tool wears or breaks and must be replaced, it is almost impossible to set it in the
exact same length out of the tool holder each time.
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Therefore, there must be some way to relate the Machine Coordinate system to the part WCS
and take into account varying tool lengths.

This is done using machine Tool and Fixture Offsets.
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Step 2: Tool Length Offsets

Every tool loaded into the machine is a different length. In fact, if a tool is replaced due to wear
or breaking, the length of its replacement will likely change because it is almost impossible to
set a new tool in the holder in exactly the same place as the old one.

The CNC machine needs some way of knowing how far each tool extends from the spindle to
the tip. This is accomplished using a Tool Length Offset (TLO).

Setup: Jog | $ [13:54:57 =]

Memory/101.nc N195 Tool Work Tool Info
000101 (Desktop); Active Tool 1 Coolant Position: 0
(Using high feed G1 F650. instead of GO.); Tool Offset Length Length Diameter Diameter
(T1 D=0.25 CR=0, - ZMIN=-0.3 - flat end mill}; SISER Geometry(H) Wear(H) Geometry(D) Wear(D)
N10 G90 G94 G17; | | 58 0. 0, 0. 2
N15 G2©; 0. 0. 0. 0. 2
N20 G53 GO Z0.; 0. 0. o o >
(2D Adaptive2); g' g' g' g' g
S o. o. 0. 0. 2
N30 S15000 M3; . : : :
N35 G54; 0. 0. 0. 0. 2
N40 M8; 0. 8. 0. 0. 2
N45 Gl X-2.3416 Y-2,4851 F100. : 0. g. 9, 0. 2
N50 GO G43 20.85 H1; 8. L 9, 9. 2
NS5 GO Z0.45; 0. 0. 0. 0. 2
NEO Z0.35; 0. o. 0. 0. 2
N65 G3 X-2.3496 Y-2.4785 £0.3243 10.071 |0.0952 0. 0. [ 0. 2
F13.333: 0. 0. 0. 0. 2
N70 X-2.357 ¥-2.4713 £0.2986 10.079 )0.0887; 0. Q. 0. 0. 2
N75 X-2.3638 Y¥-2.4635 Z0.2729 10.0864 0,0815; 0. 0. 0. 0. 3
NBO X-2.3699 ¥-2.4551 Z0.2472 10.0932 |0.0736; - y 0. 0. 2
NBS X-2.3752 ¥-2,4462 20,2215 10.0992 )0.0652;
NSO X-2.3797 Y-2.4368 Z0.1958 10.1045 0,0563; > r :
NG5 X-2.3834 ¥-2.4271 Z0.1701 10.1091 J0.047; - Tool Offset Measure - Tool Presetter U1 set value
N100 X-2.3862 ¥-2.4172 Z0.1445 10.1127 |0.0373;
N105 X-2.3881 ¥-2,407 Z0.1188 10.1156 0.0273; f— =
N110 X-2.3892 ¥-2.3067 Z0.0931 10.1175 J0.0172; - Add To Value - Work Offset
MITR ¥.2 2007 V.2 2RRT 7N NARTA IN 11 8AF 1IN ARRG L J

Main Spindle Hand Jog

Spindle Speed: 0 RPM Position: (IN) |og Rate: 0.0010
Spindle Power: 0.0 KW Work G54 Distance To Go Machine Operator
Surface Speed: 0 FPM
Overrides Chip Load: ©.000 IPT X 0.9440 0.0000 0.0000 0.0000
Feed Rate: 0.0000 IPM
Feed: 100% .
Spindle:  100% (eiiva(Faedh D T ¥ 2.7790 0.0000 0.0000 0.0000
Rapid: 100%
spindle Load(%) s ommm| 0% z -2.3580 -2,6060 -2,6060 -2,6060
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In it’s simplest use, the TLO is found by jogging the spindle with tool from the machine home Z-

position to the part Z zero position.

1. To begin, mount the %” endmill into the spindle collet so that the tool length sticks out
approximately 1.125” and securely tighten with wrenches. You can use the 3d printed
tool gage provided in your workholding fixture kit to help with setting the approximate
tool length below holder.

2. On the Haas controller, select the Offset button to display the Offsets page, scroll to

highlight the tool 1 offset values.

Work

Active Tool: 1

Tool Offset

- Tool Offset Measure

=]
Tool Infa
Coolant Position: 0
Length Length Diameter Diameter
Geometry(H) Wear(H) Geometry(D) Wwear(D)

0. 0. 0. 2
0. o. o. T 2
Q. 0. Q. . 2
a. 0. 0. 0. 2
a. 0. 0. 0. 2
0. 0. 8. 0. F
0. 0. 0. 0. 2
0. 0. 0. 0. 2
Q. 0. Q. Q. 2
0. 0. 0. 0. 2
a. 0. 0. 0. 2
Q. 0. Q. Q. 2
Q. 0. 0, Q. 2
0. 0. 0. 0. 2
0. 0. 0. 0. 2
0. 0. 0. 0. 2
i i 0, 0. 2

- Tool Presetter - Set Value
BE3) vork offset

- Add To value

3. In manual Jog mode, jog the Z axis down carefully towards the 1-2-3 block resting on the

table as shown below.
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4. Make sure to move the 1-2-3 block out of the way slightly so that you can jog the tool
down lower than the 1-2-3 block on purpose. Do not jog the tool into the 1-2-3 block
causing damage.

5. Then gently jog the Z-axis upward in 0.001” increment mode until you can slide the 1-2-3
block under the tool smoothly and safely, taking care not to damage the tool cutting
flutes.

6. Once satisfactory, on the Haas controller, press Tool Offset Measure button.

7. Notice that the Z length of the tool (from Z home position) is recorded in the Tool Offsets
Length column, establishing the recorded length for tool 1.
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Step 3: Qualify G54 Fixture Work Offsets- X & Y axis

Fixture offsets provide a way for the CNC control to know the distance from the machine home
position and the part WCS. In conjunction with Tool Offsets, Fixture Offsets allow the programs
to be written in relation to the WCS instead of the Machine Coordinates.

They make setups easier because the exact location of the part in the machine envelope does
not need to be known before the CNC program is written.

Setup: Jog \ $ [13:55:25 =] Offsets

Mernory/101.nc N195 Work SSIREIEE

000101 (Desktop); i
{Using high feed G1 F650. instead of GO.): s
a, 0. No Material Selected
(T1 D=0.25 CR=0, - ZMIN=-0.3 - flat end mill}; C
N1O GOO G94 G17: -2,7790 -0.2480 Mo Material Selected
N15 G20; -7.7780 -0.4480 Mo Material Selected
N20 G53 GO Z0.: G356 0. a. a. No Materla: Se:ecteg
; G57 0. 0. 0. No Material Selecte
(2D Adaptive2); GS8 0. 0. 0. No Material Selected
N25 T1 ; G59 0. 0. 0. Mo Material Selected
N30 S15000 M3; G154 P1 0. 0. 0. No Material Selected
M35 G54; G154 P2 0. 0, 0. No Material Selected
M40 Me; G154 P3 0. 0, 0. No Material Selected
N45 G1 X-2,3416 Y-2,4851 F100. ; G154 P4 0. 0. 0. No Material Selected
NS@ GO G43 Z0.85 Hl; G154 PS o. 0. 0. No Material Selected
N331G0176.45: G154 P6 0. 0, 0. No Material Selected
V140 el G154 P7 0. 0. 0. No Material Selected
N65 G3 X-2.3496 Y-2.4785 Z0.3243 10.071 J0.0952 GI4Fs o 0 o Mo Mot erial Solacted
kel G154 P8 B. 0‘ 0. No Material Selected
N70 X-2.357 Y-2.4713 Z0.2986 10.079 J0.0887; : - - el Selected
N75 X-2.3638 Y-2.4635 20,2729 10.0864 )0,0815; Gl34Pl0 | 0. 0. 0. No Material Selecte
NBO X-2.3699 ¥-2,4551 20,2472 0.0932 )0.0736; Gl34P1l | o 0, 0. No Material Selected
NBS X-2.3752 Y-2,4462 20,2215 10.0992 0,0652; Gl54Pl2 | 0. 0. 0. No Material Selected
NS0 X-2.3797 ¥-2,4368 20,1958 10,1045 )0,0563; G154 P13 0. ] 0. No Material Selected
NSS X-2.3834 ¥-2.4271 Z0.1701 10.1091 J0.047;
N10O X-2.3862 Y-2,4172 Z0.1445 10.1127 10.0373; JE8) Frobing Actions
N10S X-2.3881 Y-2.407 Z0.1188 10.1156 J0.0273; S— - —
N110 X-2.3892 Y-2,3967 20,0931 10.1175 J0.0172; Set Value Add To Value Tool Offsets
Main Spindle Hand Jog
Spindle Speed: 0 RPM Position: (IN) Jog Rate: 0.0010
Spindle Power: 0.0 Kw Work G54 Distance To Go Machine Operator
Surface Speed: 0 FPM
overrides Chip Load: 0,000  IPT X 0.9440 0.0000 0.0000 0.0000
Feed Rate: 0.0000 IPM
Feed: 100% )
Spindle:  100% FriRFEEs TR [ Y 2.7790 0.0000 0.0000 0.0000
Rapid: 180%
Spindle Load(%) = T 0% Z -2.3580 -2.6060 -2.6060 -2.6060

As long as the part is positioned where the tool can reach all machining operations it can be
located anywhere in the machine envelope. Once the Fixture Offset values are found, entered
into the control, and activated by the CNC program, the CNC control works behind the scene to
translate program coordinates to WCS coordinates.
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1. With this project, we will use the paper shim method for qualifying a Work Offset fixture
position.

2. With tool 1, %” endmill, installed in the spindle, (spindle off) ; proceed to manually jog
the tool position to the left edge of the fixture as shown below.
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Set jog increment to 0.001” mode, and jog in the Y direction very carefully until the paper
drags.

On the control, in the Work Offsets page, ensure that G54 Work offset Y position is
highlighted, press F1 to Set Value.

Repeat this process for qualifying the X position for the G54 Work Offset, which will be
touching the tool and paper on the inside face of the fixture.

Once G54 X and Y positions have been qualified, you will need to adjust this offset
position accordingly to compensate for the radius of the tool.

In this case, you will need to adjust these X and Y offset positions by 0.125” in there
rightful direction.

. Typically, you will need to add or subtract an amount equal to the tool radius; this is
because you touched the side of the tool using the paper against the fixture reference
face and recorded the X position of the tool. You want to have the G54 X and Y position
recorded using the centre position of the tool.
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Step 4: Qualify G54 Fixture Work Offset Z -axis

The Fixture Offset Z value is combined with the Tool Length offset to indicate to the
machine how to shift the Z-datum from part home to the part Z-zero, taking into account
the length of the tool.

Fixture Offset Z may or may not be used, depending on how the machine is setup and
operated.

For example, if you had qualified the tool length with a paper feeler gage off the top
reference surface of the fixture, then the tool length recorded would be directly
referencing the WCS, Z-datum, of the part.

1= .

Tool Tip at
Machine Home

Part
Z- Datum

[ o J 1-2-3|
O ' Block

CACHCICICH
CACACICICH
QOO0

Considering you qualified the tool length off a 1-2-3 block resting on the machine table,
the Z amount difference between the top of the 1-2-3 block and the Z reference face on
the fixture becomes the G54 Z-offset value.

In some situations, the G54 Z-offset value can be either be negative or positive.

1. Withtool 1, %” endmill, installed in the spindle; proceed to manually jog the tool position
down towards the 1-2-3 block on table.

Note that the 1-2-3 block will be flat on machine table and will look a little different than
the image above.

2. When close, Set jog increment to 0.001” mode, and jog in the Z direction very carefully
until the appears to be lower than the 1-2-3 block (make sure 1-2-3 block in not in the
way) than jog up slowly until you can slide the 1-2-3 block under the bottom edge of tool.
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3. Onthe Haas control, in positional display, you can zero out the Z axis position so that we
can use the controller to measure the distance from the 1-2-3- block up to the top
surface of the fixture.

4. Zero out position on operator display.

5. Then, jog z-axis upward and over towards the top reference face on fixture.

6. Carefully jog Z-axis down until the bottom of the tool drags on the paper resting between
the bottom of the tool and the top of the fixture.

7. On the control, in the Work Offsets page, ensure that G54 Work offset Z position is
highlighted, and enter the positional value. This Z value for G54 should be approximately
-0.250”.

8. Once complete, you will now have G54 Work Offset X, Y and Z position accurately
qualified so that this position is easily called upon in your NC program when it calls G54.
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Step 5: Calculate G55 Fixture Work Offsets

The advantage of using Fixture Works offsets on a CNC control is that you can identify
multiple positions with in the machining envelope and easily activate them in your nc

program by calling work offset G-code commands that can normally range between G54-
G59.

When specialty work holding fixtures are used to accurately position and securely hold
parts for machining you can calculate from known datum positions on the fixture to
easily define other work offset positions that can be called upon in different nc
programs.

1. To calculate the difference between the G54 X/Y/Z position and the G55 X/Y/X position
we can easily use the 3d CAD model fixture designed in Fusion 360.

2. Launch the Fusion 360 application and open the Fidget Spinner_Fixture Base document
file.

3. In either the Design or Manufacturing workspace, you can use the Inspect, Measure
command shown below.
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O Fidget Spinner_Future Base v16* x - S0e 208

4. With the Measure command active, ensure XYZ Delta check box is turned on.
5. Select both Zero Origin Points labelled on the fixture body.

© MEASURE
Selection Fitter ﬂ EQ
Precision 0123 v
Secondary Units None v
Restart Selection 49

Show Snap Points (@

¥ Results

Distance 5306 in
XYZ Detta
Defta X -1.758in
Defta Y 5.00in
Dettaz 0.25in
v Selection 1

6. Or, alternatively in the Design workspace, you could create a new sketch on the top face
of the fixture component and create dimensions between both Zero Origin points as
shown below.
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7. You can repeat this process to identify the difference in Z distance between both Zero
Origin positions as well.

8. Through either process you can identify from the CAD model geometry of the Fixture;
that the difference between G54 and G55 is X 1.757, Y 5.0, and Z0.150.

9. Now having this accurate information identified, we can use these values to calculate the
Work Offset position on the controller for G55.

10. On the Haas Controller, in the Work Offsets page, copy the G54 X/Y/Z values into the G55
X/Y/Z parameters to be the same.

11. Now that both G54 and G55 work offset positions are the same, now apply the CAD
calculated values to the G55 X/Y/X offsets.

12. Once complete you will see that G54 has unique X/Y/Z coordinates that are relative to
machine home position.

13. Likewise, the G55 X/Y/Z coordinates are relative to machine home position as well.
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LESSON 9

Post Processing G-code
After completing this lesson, you will be able to:

e Understand NC Programs

e Select a Post Processor

e Adjust NC Program Settings

e Load NC Programs to Machine Control

Post Processing is when you convert the image of the toolpath on your screen, into the
language for a specific NC machine. This output is usually in the form of G-Code, an alpha
numeric format used to drive the machine tool. Different machines will use variations of this G-
Code format for their controls. So while there is some standardization of codes, not all
machines use the identical G-Code format. Because of that, Fusion 360 has a variety of Post
Processors available.

Think of the Post Processor as a language translator; so you can Post Process for any single
toolpath or any combination of toolpaths.

In the Fusion 360 manufacturing workspace you can post process toolpaths for additive 3d
printing, milling and turning operations.

4 © Q_j Fidget Spinner_Fixture Base v23

Q Units: in

D B Named Views

D ® [ Modes

016081 (15T SETUP TOOLPATHS)

(Tl D=2. CR=8.05 - ZMIN=-0.84 - BULLNOSE END MILL)

(T2 D=6.5 CR=8. - ZMIN=-0.695 - FLAT END MILL)

(T3 D=0.2491 CR=0. - ZMIN=-0.695 - FLAT END MILL)

(T4 D=6.312 CR=8. TAPER=45DEG - ZMIN=-0.327 - CHAMFER MILL)
(T6 D=0.5 CR=0@. TAPER=9€DEG - ZMIN=-€.1225 - SPOT DRILL)
(T9 D=0.125 CR=8. TAPER=118DEG - ZMIN=-8.7326 - DRILL)
N1 G99 G94 G17 G49 G40 GB8@

N15 G2@

N28 628 G91 Z76.

N25 G9@

W@ e s W N

-
=)

N
@
¥

V/RECM IS Setup1 Operations O]
D @ [T1]Face3
@ [T1]2D Adaptive3

e
W

(FACE MILL TOP)

N30 T1 MO6

(MAX DEPTH OF CUT = 8.168)
N35 T2

N3O S2500 ME3

e
[FR=Ragag

N45 G54

H50 Mea

N6@ GB® X5.68 Y-0.79

N65 G43 70.6 HB1

N7 GB® Z8.2

N7T5 GBL Z0.16 F40.

NE® G18 GB3 X5.48 7-0.84 I-08.2
N85 GOl X5.38

N9@ X-1.

N95 GR3 X-1.2 70.16 K@.2
N10® GB® Z0.6

N1@5 G17

N11& M5

N115 G28 GOl Z@.

N128 G%@

N125 G649

N
°

[T1] 2D Adaptive3 (1)

MR
[

[T1] 2D Contour _Bore Chamfers

Y
S o

@
& [71]2D Contour2
N

v

[T1] 2D Contour _Profile Chamfer

WK N
S W m

A [® setup2 Operations O

@ [T1]2DAdaptive3 (2)

W W w W
[ i

&> [T1]2D Contour2 (2)

w
o

(OUTSIDE MILL)
H13® Me9

N135 Mel

H14© T2 M@6
H145 T3

W1SA S115AR MAR

w
]

VVV@VVVVVV

&2 [T1] 2D Contour _Profile Chamfer (3)

B ww
E88 &
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Step 1: Understanding NC Program

NC Program is the new, preferred way of creating your NC code. The old “legacy” style of Post
Processing will be retired at some point in the future.

NC Program performs several tasks. All of these have to do with the output of your toolpath

operations such as:

e Post Processing your operations to create the NC program for your machine tool
e Grouping multiple setups for output as a single NC program with multiple

fixtures and offsets

e Creating documentation setup sheets and tool lists of your selected operations

Legacy Style Posting NC Program
[ E NCProgram: *
— e Settings | Operations ©-®
Machine and post Post properties i
=) Data' ocal 51708b79e2252910265220 Setup
AN =] [—] Use machine configuratian » Groupd
[PostConfigmaten - SRR e s ST
- Use cascading post
Enter search text [ ~] [Avendors -] SR e
Program Sequance number increment s
[FAAS - As (ore-NGE) / haas with a-axs =) [ openconis ] Name/mumber 1001
Siocknumer only on tock change
Output folder NC extension e D Start sequence umber 0
o T - g o - oupn e s g ecatuenscocunn: Be | =
Post o Fusion Team
[Fogsmsetioss T e
— NC Extension h
Write machine
Program name o number 2 Unit Document unit
1001 Property Valu Write ool list  E
(Buitr) Alow hebcal moves Yes cpenNChleinaditor B e verson
Program comment (Builtn) Figh feedrate mapping Preserve rapi... !
Post Test Program (Built4n) High feedrate 500 ~ General
{Builtn) Maximun dirouiar radius 1000
. Fast tool change
it {Built-n) Mrimum chord length 0.01
(o =) || ) i cecuder radios 0.01 Opticnal stop =
|\
{Built-n) Tolerance 0.002 Optionally cycle toals at start
[[Jreorder to mnimize tool changes Use chip transport No
Optionally measure tools at start
NC file i editor Fast tool change Mo
Home position center Yes hd Preload tocl
S oo ot ] [x] (st
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Step 2: Selecting a Post Processor

1. For this fidget spinner project, please browse to the online Fusion 360 post library found
here: https://cam.autodesk.com/hsmposts

FAUTODESK‘FUS|0N350' Posts Machines Tools Certified Release Notes

Post Customization s }| Support ) APl & || Examples & | RSS R\

Post Library for Autodesk Fusion 360

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.

I Q, Find your post here

I
Milling ~ |[Any time v | Haas Automation ~]
L

HAAS (pre-NGC)
Download » Sample s Share  RSS
Haas Automation

Purpose: Milling

Version: 43496
Changed: 18 days ago

Extension nc

2. Inthe Any Vendor drop down list, choose Haas Automation
3. Scroll down list, and download current Haas -Desktop Mill post processor; this post
processor should download into your local download folder

HAAS - Desktop Mill
Download y Sample / Share / RSS

Haas Automation
Purpose: Milling
Version: 43510

Changed: 10 days ago
Extension: nc

Downloads: 3
Generic post for the HAAS Desktop Mill with a Next Generation control

Recent changes

4. We will save this post into your local post directory upon post processing
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https://cam.autodesk.com/hsmposts

Step 3: Adjusting NC Program Settings

The Settings tab is where you can define presets for post processing. The items you see on this

page will be determined by the machine you selected in your Setup or the Post Processor you
selected.

If no Post Processor is shown, you will be prompted to select a Post from the library.

1. Right Click on Setup1 and choose Post Process or, from the toolbar, expand the Actions
drop down menu and choose Post Process.

N R B A

T Fidget Spinner_Fidture Base v23 c+BO0O0 K09
MILLING TuRNmG ApTvE nSPECTON FABRICATON umues
- B 890 BOTWOM HO ® 0 S3E HARD =
senvee me 0 oRUNGT  MuTAXS® worve TSI wAnaGE » weecre | seiecre
« sROVISER o) @ ona

4 © [}y FegetSpnner_Fudure Base v23

O uesin
D W Nemed Views
D ® [ voses
4 © 5, 59,
4 o T ]
D @ @ [ifaces
4 @ [T1120Ad0ptive3
4 @ (11120 Ad8ptved (1)
4 Q)20 Contour2
D < [T1120 Contour _Bore Chamfers
D &2 (T1)2D Contour _Profie Chamfer
4 © [ setwp20peratons O
D @ @ MDA @)
4 & [T1)120 Contour2 2)
4 & (71120 Contour _Profie Chamer (3)

2. Inthe NC Program Settings parameters, proceed to select post from library as shown
below.

F NC Program: NCProgramé

Operatiors 0@

Machine and post Post properties

Use machine configuration

- 7 /

Use cascading post

Program

Name/numi ber 1001

Comment Side1 0

Output Folder lata\Local\Fusion 360 CAM\nc ~ [r
Post to Fusion Team

NC Extension

Unit Document unit

Open NC file in editor

Post oK Cancel

3. Select your Local libraries, and choose import.
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Post Library X

# Clear filters Filters | Info - (7]

. ~ Capabilities X
e Vendor File name Description P
~ My posts frogmill - Standard.cps -v110 Milling
Cloud Turning
Local SAXISWORKS Saxismaker-custom_Deans.cps SAXISMAKER 3 Setup sheet
Linked
i Intermediate
Fusion 360 library ACU-RITE anilam conversational rlcps Anilam Conversational 3
’ Jet
ACU-RITE anilam conversational.cps Anilam Conversational I Cascading
Additive
Anderson America  anderson Apr29 2020.cps Anderson i Inspection
~  Vendor
Autodesk iconic REV3 - clearance Iconic
value.cps All -
Autodesk iconic REV3 - Initial position Iconic

clearance.cps

Autodesk iconic.cps Iconic
Biesse biesse cix.cps Biesse CIX Router 3
Biesse biesse Biesse IS0 multi-axis 3,

iso_MultiAxis_Adesk_BS_Augé4
2020 RFTA cps

Select Cancel

4. Browse to your local downloads folder, and choose haas desktop mill.cps post processor.

Downloads
Name
v Today (1)
| haas desktop mill.cps
5. Select haas desktop mill.cps
Post Library
e S SE R 2ar filt Filters | Info -0
— ~
Recent Vendor File name Description Vendor
- My posts Haas Automation  [haas desktop mill.cps HAAS - Desktop Mill Haas Automation
Cloud Description
I Local l Heidenhain Heidenhain Adesk MillPlus £, Generic post for the HAAS Desktop Mill
Firkad Oct21_20millplus.cps with a Next Generation control.
Fusion 360 library HSMWorks ApS Rytech_fanuc_old original.cps Generic FANUC Caﬁablllty
¢
HURCO Hurco SXAC output_11_2_18 HURCO 3, Version
Crystalcap.CPS
43510 Vv
KERN LASER kern Kern Laser [y
SYSTEMS laser_ADESK_02-03_2020.cps Extension
Langmuir Systems | FireControl-v16_ Nov 16 FireControl Plasma v16 -nc
2 -
2020.cps Security settings
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6. You will notice that some details update such as Name/number and Comment, which
match what you confirmed when defining your CAM Setup1.
7. Move into the Operations tab and ensure that only Setup 1 Operations are selected.

F NC Program: NCProgram1 X
©-®
- [& Setupl Operations Reorder to Minimize Tool Changes
v
& @ Faces Operation Instance Setup Work Offset Tool
@ 20 Adaptive3 ° :
@ Face3 1 Setupl Operations 1 #1- 014" flat
@ 2D Adaptive3 (1) | Y =etupl Up v/
< 2D Contour2 @ 2D Adaptive3 /1 Setupl Operations 1 #1- @1/4" flat
< 2D Contour _Bore Chamfers é 2D Adaptive3 (1) 1/1 Setupl Operations 1 #1- 01/4" flat
< 20 Contour _Profile Chamfer &2 2D Contour2 1/1 Setupl Operations 1 #1- 91/4" flat
- & Setup2 O ti
upe Uperations &2 2D Contour _Bore Chamfers 11 Setupl Operations 1 #1- BL/4" 45° .
@ 2D Adaptive3 (2)
@ 2D Contour _Profile Chamfer 1/1 Setupl Operations 1 #1- 01/4" 45°

< 2D Contour2 (2)
& 2D Contour _Profile Chamfer (3)

8. Proceed with selecting Post.

9. Upon confirmation of where your nc program will save, you should notice a temporary
note in the lower corner of screen confirming NC code successfully posted.

10. You can select the link to View NC Code.

F Autodesk Fusion 360 - a8 X

I- | R - IO e T Fidget Spinner_Fudure Base v23* x n H 0 © £ 0 .

MILLING TURNNG ADOTVE WSPECTON FABRICATION uTures
woew: 75l @O BLIHOM FP? % R 0IE HALR = N
SETUP r- 04 £ A DRILLING * MULTLAXIS ¥ MODFY * ACTIONS * MANAGE ¥ INSPECT * SELECT™~

« BROWSER el

7
4 © () FagetSpnner_Fudure Base v23 -
0 vasin Fhgy, s
D W Named Vews !

D © (Y wvodes
4 5, M5 resers..
4 © 5 seuws

4 © B EITITTETNG

[ @ [T1)Faced
D @ @ MM20Adsptivel
3 @ [T1]2DAdaptive3 (1)
D @ & 20 Contour2
D @ & (71120 Contour_Bore Chamfers
D @ & [T1120 Contour_Protie Chamfer
4 © B Setup20perators O
D @ @ [m20Adsptvel 2)
D @ & (120 Contour2 2)
D @ € (1120 Contour _Profie Chamfer (3)
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11. Your NC g-code program should open inside of Visual Studio Code viewer.
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) File Edit Selection View Go Run Terminal Help

1001.nc - Visual Studio Code

=1001nc X

1

12. It’s always safe practice to reviechode if possible, to ensure both beginning and ending

program structure is safe and ready for use.

13. Choose file Save As, and save onto a usb key, or network location where you easily can

access your NC g-code program. Save your program as 1001.nc

14. Proceed to repeat this process by Post Processing your toolpaths for Setup2 Operations
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15. Choose file Save As, and save onto a usb key, or network location where you easily can

access your NC g-code program. Save your program as 1002.nc

% AUTODESK

Learning Partner

122 |Page

[ 1



Step 4: Loading NC Programs to Machine Controller

Your Haas Desktop CNC milling machine comes with a standard Haas cnc machine controller.

Gcode/.NC Program Files fromaUSB Device to the HAAS Conirol Panel

1. Insert your USB device into side of your Haas control panel
2. Proceed to select List Program Button

3. Use the cursor keys to scroll up and over to the USB tab and down to the program your
interested in.

4. Select nc program 1001.nc and copy program to controller memory

Repeat this process for nc program 1002.nc and copy program to controller memory

6. With caution, proceed to cycle start program 1001.nc followed with 1002.nc

v
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Additional Learning Resources

e Self-paced Learning for Fusion 360

e Autodesk Learning Partner Faculty Training Workshops
e Autodesk Fusion 360 Certifications

e Haas Operator Certififcation Progarm

Step 1: Self-paced learning pathways for Fusion 360

Get started with self-paced learning pathways that include videos, step-by-step tutorials, and
downloadable 3D models to help you learn Fusion 360 at your own pace.

In Fusion 360, select the help icon in top right corner, choose Learning and Documentation,
then Self-Paced Learning.

Q|
IE 15 [r_h _ﬁ Show Learning Panel
;'“5 5 | set-Paced Learning | |Learning and Documentation | »
Product Documentation Quick Setup
Fusion 360 AP| Community »
T supportand Diagnostics »
What's New
About
v E—— °
- . ' [
. seee
= B

W

Introduction to Fusion 360 Introduction to 3D modeling
Video series
@ video series ®
@ 18videos
@ 10 videos
@ Beginner
@ Beginner

@ Beginner

Highlights the powerful capabilities of Fusion 360, and \ o series is designed to give you quick
introduces key features to help you get the most out of designer, engineer, machi nuf g questions. Th

s a process, but you can jump ahead for information
on any specific task

Fusion 360. curious, this video series s you take your first steps

towards professional 3D modeling

Start learning
Start learning Start learnin

https://help.autodesk.com/view/fusion360/ENU/courses/
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Step 2: Autodesk Learning Partner Faculty Training Workshops

Autodesk Authorized Training Centers and Authorized Academic Partners deliver quality
professional training from Autodesk Certified Instructors and industry experts to students,
educators and customers.

»#4 AUTODESK

Learning Partner

I Fusion 360

Want to teach Fusion 360 in your
classroom? We can help!

Autodesk Learning Partners are offering a fully funded virtual workshop
that will bring you up to speed on Fusion 360 software—fast. It even
comes with a free plug & play CAD/CAM curriculum that you can
incorporate into your classroom immediately.

Request a workshop >

"The workshop showed me a much easier way to approach teaching my students
about design for manufacturability. | am excited to schedule more sessions with
my colleagues!"

—Jeritt Williams, Engineering Technology Faculty, lllinois State University

Fully funded personalized virtual workshop
with plug and play curriculum

We have some good news for educators who are looking for new ways to improve distance learning.
Autodesk Learning Partners are offering a fully funded virtual workshop that will bring you up to
speed on Fusion 360 software—fast. It even comes with a free plug and play CAD/CAM curriculum.
This will allow you to provide your students with a solid grounding in CAD/CAM fundamentals, plus
manufacturing and engineering skills. In this personalized workshop, where you can invite your
peers, an Autodesk Learning Partner expert will provide:

* Anintroduction to Autodesk Fusion 360 and its cloud-based collaboration features

* Specific curriculum that can augment your existing coursework

* Ways to distinguish between traditional task-based mindsets and holistic engineering

The Fusion 360 software, the curriculum, and the workshop are all provided by Autodesk at no cost
to your school, your colleagues, and your students. Finally, when you've finished your half-day
workshop, you'll have a dedicated partner to guide you and answer any questions that come up.
Don't miss out on this opportunity!

https://www.autodesk.com/campaigns/education/workshop-registration
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Step 3: Autodesk Fusion 360 Certifications

Autodesk offers certifications that map to your skill level and career goals allowing you to earn

recognition for your expertise, accelerate your career, and continue your lifelong learning
journey.

Uplevel your skills

Autodesk learning and certification

Introducing a new way to learn and certify for today’s adaptive industry
professionals and innovators. Whether you are looking to change careers

or build skills in your current role, we don't think you should have to go.itszzs
alone. At Autodesk, we're here to help you stay on the edge of industry
convergence and changing roles through self-paced learning. \

Autodesk Certified Associate in
CAD for Mechanical Design

e Ir CAD sk ind knowledge

prototyping methods 1o earn your Autodesk Certified Associate in
ertificatior AD for mechanical desfgr CAM for 2.5 Axis Milling

PUL YOUF BXPertise ora

Generative Design for
Manufacturing

our mastery

https://www.autodesk.com/certification/overview
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Step 4: Haas Operator Certification Program

Team up with Haas Automation and stand out in the industry as a qualified CNC operator, or

ensure your team has the skills they need to properly and safely operate a CNC machine — by
becoming Haas Certified.

Haas’s online CNC Certification Program provides you, or your team members, with the
knowledge and skills necessary for basic CNC machine operation.

Start the Haas CNC Certification Program EH EER"HED

Stand out in the manufacturing industry.

For New Operators

Stand out in the industry
Prove your knowledge
Professional credibility

https://learn.haascnc.com/
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