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Working in Fusion 360 for Inventor Users

— How and Why

Jim Swain
Applications Consultant
Synergis Technologies LLC

Learning Objectives

¢ Understand 2 good situations to use Fusion 360 instead of Inventor.

¢ Understand 2 good situations to use Inventor instead of Fusion 360.
¢ Understand basic Fusion 360 design workflow, and how it differs from Inventor.
¢ Model, analyze and machine a component.

Description

As a longtime Inventor user | found Fusion 360 interesting, but also challenging. The workflows
were close enough to Inventor that | charged right in, but different enough that | went down
many dead-ends. And just how does this cloud storage thing work anyway? But | kept at it
enough to the point that | am comfortable in either platform. So why did | bother? Besides the
obvious answer that learning new software is in my job description | found that it’s a great
platform for easily doing many simulation analyses. And when | started exploring the 3-D
machining tools | found the same thing applied there. Plus it's easy enough to acquire for home
use. So if you haven't tried Fusion, but you know Inventor or a similar platform, spend an hour to
learn the workflows, and save many more!

Speaker

I am an Applications Consultant with Synergis Technologies LLC, specializing in mechanical
design and analysis. | have worked with CAD/CAE tools for over 30 years as a design engineer,
CAD manager, trainer and consultant. My primary focus has been in the mechanical design and
manufacturing areas. | have taught design classes at Autodesk University, our own Synergis
University and at the college level.
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Introduction: What is Fusion 360 and why have this class?

Fusion 360 is a full suite of design and manufacturing tools in a single package. It can do many
forms of design, including: parametric solids modeling, surface modeling, free-form solid
modeling, sheet metal modeling, mesh modeling, digital simulation, rendering, machining,
additive manufacturing, and drafting. It has integrated, cloud-based document management that
allows team collaboration.

Note: This is being written in September 2020. Fusion 360 goes through frequent updates and
additions to its capabilities. Things that | list here as limitations may go away in the near future.
The Fusion 360 development roadmap is available here:

https://www.autodesk.com/products/fusion-360/blog/fusion-360-roadmap-update-2020/

Again, Fusion 360 is a suite of tools. So is Inventor, and so is AutoCAD. They each have their
uses. When | was first trying to use Fusion 360, | kept trying to use it just like | would Inventor.
That caused a lot of frustration. | would dive into a design concept, then hit a dead-end. | had to
throw out all my work and start over. | was using the tool wrong.

| started talking with others | knew that were learning Fusion 360. | watched videos and taking
notes. And from them came this class.

| also decided | needed a project that would be fun for me to work on. Something where even
though | work with different software tools all day | would also enjoy spending time working on at
night.

One of my hobbies is model railroading. Coincidentally, one of my favorite railroads is working
hard to be operating again in 2021, including restoring a pair of 100-year-old steam locomotives.
Since | can’t buy models of these engines | decided to design and build my own. | haven'’t
finished my design yet, but I've learned a lot about Fusion 360 as I've worked on it. For the
record my model is loosely based on locomotives of the East Broad Top Railroad.

https://www.eastbroadtop.com/

East Brd Top #15 :
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East Broad Top #17
This photograph of #17 was used as the main canvas as | developed my Fusion 360 model.
All photographs by the author, used with the permission of the East Broad Top Foundation.
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Understand 2 good situations to use Fusion 360 instead of Inventor.

Since with the Product Design and Manufacturing Collection | can choose which software to
use, when would | choose Fusion 360?

Conceptual Design

| would choose Fusion 360 if | was going to be working on a
conceptual design project. | like Fusion 360, combined with
Fusion Team, for this fast-paced, small group, interactive
scenario. In my case, my team is typically just me, so it is
even easier.

Fusion 360 has all the tools | need for my project right there:
I can do modeling, simulation, and manufacturing just by
choosing different workspaces. For modeling | have similar,
though not identical tools, to those in Inventor. If they were
identical, | wouldn’t be doing this class.

For some design types Inventor has better tools. These

currently include tools for designing sheet metal and plastic parts. But to be fair, | probably don’t
need the more involved tools at this conceptual design stage. | can do my basic design work in
Fusion 360 and still have confidence in the viability of the resulting concept. | do have to keep
those limitations in mind, but that is true of any conceptual design workflow.

Organic Designs

For projects where the result will be free-flowing shapes or will have a strong human interface
Fusion 360 has several advantages. | find the free-form modeling tools In Fusion 360 easier to
use than their Inventor counterparts. For concepts that start with scanned information

Fusion 360 has more capability to work with the resulting meshes than Inventor at this point. It is
also easier to work with concept drawings and digital images in Fusion 360 than Inventor.

| used a digital photograph “canvas” as the main guide in my design. These canvases can be
digital sketches or digital images. Just attach the image, scale and reposition it and start
modeling. Here | inserted a digital photo of the steam engine that | am basing my model on. |
scaled it and repositioned it to get the origin and size where | needed for the model, then started
building the rest of the model around the image.

Here is a link to an example from Autodesk, where a concept of a race car steering wheel is
used as the basis for a Fusion 360 model:

https://www.youtube.com/watch?v=thOPmBfAurM

Here is my digital photo, scaled and positioned within the design:
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Three Quarters View of the Steam ngine Model Design

Generative Design
There is an entire environment in Fusion 360 that is aimed right at conceptual design, and it
doesn’t exist in Inventor: Generative Design.

You set up your design constraints, such as loadings and keep-out areas, and desired
manufacturing technology. Then the software will develop dozens of potential concepts. From
these you pick and choose which concepts you want to investigate further. You can then
develop these concepts into your final design.

If you haven’t seen this in action check out one of the over a dozen sessions on Generative
Design in this year’s AU alone.

Generative Design Examples
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CAM

Fusion 360 has a very intuitive Manufacturing environment. It includes both traditional CAM and
additive manufacturing capabilities. It is straight forward to learn and operate, but also has quite
advanced capabilities. And for conceptual design work the direct link between the model and
the CAM package is incredibly convenient. Changes to the design push changes to the tool
paths.
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Simulated Toolpaths in the Manufacturing Environment

Simulation Work

I would choose Fusion 360 if | was creating or modifying a model for simulation work.

The tools for simplifying geometry prior to starting the simulation are much stronger than their
counterparts in Inventor and are built into Fusion 360’s simulation workflow.

SIMPLIFY SOLID SIMPLIFY SURFACE TOOLS
=1 x -
SIMULATION + * 1ol n - L [i* (” e [ n o
1 ® T 9 Je ul
CREATE * MODIFY CONSTRUCT INSPECT ~ SELECT~ FINISH SMPLIFY ~

Simplify Solids Environment

These simplification tools include:

e Creating simulation models that include or exclude components.
¢ Removing features.

e Removing faces.

e Replacing objects with primitive shapes.
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The capabilities of the simulation tools in Fusion 360 are
in between those of Inventor and Inventor NASTRAN. It
has both heat transfer and non-linear analysis
capabilities that Inventor's FEA doesn’t have but is much
easier to set up than most Inventor NASTRAN studies.
Fusion 360 doesn’t have all the capabilities that Inventor
NASTRAN has, but for most early studies | find | don’t
miss that extra power.
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Fusion 360 Simulation types include:

Both linear and non-linear static stresses.
Thermal

Thermal stress

Linear Buckling

Event simulation

Electronics cooling (preview)

Be aware that there are a couple types of simulation tools in Inventor that don’t exist in Fusion
360: Frame Analysis and Dynamic Analysis.
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Inventor’'s Assembly Simulation Tools
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Understand 2 good situations to use Inventor instead of Fusion 360.

With all the strengths of Fusion 360 when would | choose Inventor? Here are some keys to
when Inventor is a better choice than Fusion 360:

Large Assemblies

Inventor can handle designs with tens of
thousands of components. There are established
Inventor workflows and techniques for maximizing
performance when working in these designs
which are outlined in the Inventor Help Topics,
under Large Assembly Best Practices.

Specific Design Tools
There are design tools in Inventor that just don’t
exist in the Fusion 360 world. These include:

Content Center

Frame Generator

Tube and Pipe

Cable and Wire Harness
Plastic Part Design

Injection Mold Filling Analysis
Dynamic Analysis

There are also tools that are stronger in the Inventor world than they are in the Fusion 360
world:

Sheet Metal

Bills of Materials
Design Assistants
Drafting tools
Interacting with Revit
Families of designs

Autodesk publishes the Fusion 360 Roadmap as a blog. Check it out to see what is coming
soon, and what is underway for the not-so-near future:

https://www.autodesk.com/products/fusion-360/blog/fusion-360-roadmap-update-2020/
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Understand basic Fusion 360 design workflow, and how it differs from
Inventor.

Let’s start looking at some of the differences between Fusion 360 and Inventor.

Preferences

e Your preferences are tied to your Autodesk profile.

This means that no matter what device you use to login into Fusion 360 your settings will be
consistent.

| won’t go through all the Preferences screens here, but here are a few that | think are some
universal key settings:

General Preferences

o There is an “autosave” in Fusion 360! It's called Recovery time interval, and the
default time is 5 minutes.

o You can set the mouse buttons to behave just like Inventor. You can even swap the
zoom direction if you want to.

Design Preferences:

e Turn on History by default. Otherwise you need to remember to do that for each file you
start. If you don’t have History on you can’t readily edit features, just sketches.
Default Units

e Set this as you wish. You can always change units for any given design and type in the
unit when entering values.

F Preferences x

~ General
APl
Design
Manufacture
“ Electronics
Color
Drill
Misc
Render
Drawing
Simulation
Cloud Credits
Material
Wesh
~ Graphics
RODP Optimization
Nest
Hetwork
Data Collection and Use
~ Unit and Value Display
Simulation and Generative Design
~ Default Units
Design
Manufacture
Simulation and Generative Design
Preview Features

ing general Ul

User language | English | English

‘Graphics driver |Au‘tckselec:i

Offline cache time period (days)
Skip launch tems creation when live update

Automatic version on close D

ﬁ Recovery time interval (min)

Default modeling orientation |Y up

Show toottips

Show command prompt

Show default measure

Show in-command errors and warnings
Show Fusion Team notifications

—- Pan, Zoom, Orbit shortcuts |Inventor

Default Orbit type | Constrained Orbit

Reverse zoom direction |:|
Enable camera pivot

Use gesture-based view navigation

Restore Defaults:

Apply

Fusion 360 General Preferences
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F Preferences x
w General [ Preferences controlling general Design behavior ]
AP
Design Active component visibility
Manufacture — Design History | Caplure Design History (Parametric Modeling)
“ Electronics
Color Animate joint preview

Drill ﬁ Allow 30 sketching of lines and spiines []

Misc Auto project edges on reference
Rend?r Auto look at sketch
Drawing
Simulation Edit dimension when created
Cloud Credits Show ghosted result body
Waterial Auto project geometry on active sketch plane
Wesh
[]
v Graphics Auto hide sketch on feature creation
RDP Optimization Scale entire sketch at first dimension D
Nest Allow creation of Assembly Context during an Edit in Place session
Hetwork

Data Collection and Use
~ Unit and Value Display

Simulation and Generative Design
Default Units

Design

Manufacture

Simulation and Generative Design
Preview Features

<

Fusion 360 Design Preferences

Storage

In Inventor you are always saving to your project locations. Typically, your project’s workspace
will be somewhere on your physical machine and there may be other network locations set up in
your project search paths. If you are using Vault you can check files in and out to have an
archived copy saved to the server.

Projects X
Projectname Project location ~
AU 2020 D:\Autodesk University\AU 2020\
Customer Data D:\Customer Infol,
Default
Designs C:\Users\Jim.Swain\Documents\Vault\
Ember D:\_Autodesk\Simulation\CFD\Inventor 2016, Ember Dataset\Ember),
Experienced 3D CAD Users €:\Autodesk Inventor 2020 for Experienced 3D CAD Users Practice Files)
Inv 2020 Ess Plus C:\Inventor 2020 Essentials Exercise Files\
Inventor 2021 Exploration D:\Inventor 2021 Exploring\
Tnventor Electrical Project €:\Users\Public\Documents\Autodesk\Inventor 2021
JES - Admin €:\Users\Jim. Swain\Documents\Inventor\JES - Admin\,
ks C:\Users\Jim.Swain\Documents\Vault\Designs\
35 Trains D:\Swain\Trains,
Large Assy - Non Vaulted D:\Example Files\Inventor Large Assembly\
Learning Autodesk Factory Design ... C:\Autodesk Factory Design Suite\, v
Project -
€ Type = Vault
[aB] Locatior Example Files\
) Included fi e
+f Use Style Library = Read-Only
@ Appearance Libraries +
@ Material Libraries
@ workspace 7
G5 Workgroup Search Paths
€ Libraries

@ Frequently Used Subfolders
@ Folder Options

@ options

@ Vault Options

[ e swe | ey
Inventor Project Manager
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In Fusion 360 a project is a storage location in the cloud. You are always working on a local
cached copy of your design, but when you Save you are saving the data to the cloud location.
This creates another version of the file in the project’s folder. The earlier versions are still in the
same Fusion Team folder and could be promoted to the active version if needed.

The design files can be viewed either through Fusion Team via a web browser, or by using the
Data Panel in Fusion 360.

If there is no Internet access Fusion 360 can work from the local cached data. When the cloud
is available your next Save will push a version to the cloud.
F Autodesk Fusion 360
< A Jim's Projects
\ Data [ People ]

s

A HOn3 Free Lance Mikado
Content last refreshed: on 10/11/20, 7:55:34 PM

. @ 26" Wheelset
FUSION 9/10/20
Jim's Projects kg

# > Jim's Projects HON3 Free Lance Mikado

-

Content  Project Members (1)  Wiki Pages

s @ 52" HOn3 Driver v3
Name .

m Tresh @ 52" HOn3 Geared
P 26" Wheelset a o
P 48" HON3 Driver
W AU 2020 282
P o AU2020 2-8-2 M 0000

In use by Jim Swain o
V28w

P Gearbox
@ Gearbox

@ HOn3 Mantua-ish Frame ) 8

The Design in Fusion Team and the Fusion 360 Data Panel
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F fusion X

€ c @ © & nttps//myhub.autodesk360.com/ue29ccad2/g/projects/20131105479726/data/dX JuOmFk IwcHNVZDpm: o+ @ ¢ — 100% | 4 28 v MODOO =

@\ Autodesk Education Id... T} Most Visited @ Getting Started G Fusion 360 CAM Tutori.. () One Team Source

Jim's Projects

# ~ Jim's Projects > HON3 Free Lance Mikado Jetails Activity

Content  Project Members (1) Wiki Pages
Sheet Metal Boiler Experiment

P Jim Swain updated
:g 2 s ep 30, 2020

[ |
=
:

2
Name <
o
§ Tresh 2
A Y AU20202-82
P 26" Wheelset Jim Swain Fusion 360 Design
Jim Swain updated
@ 48" HON3 Driver Jim Swain Fusion 360 Design S ss 2
T} 2020 2-8-2 Jim Swain Fusion 360 Design
@ Gearbox Jim Swain Fusion 360 Design
e 26" Wheelset
¥ HOn3 Mantua-ish Frame Jim Swain Fusion 360 Design _
Jim Swain uploaded
ep 10,202
P Mantua 52" HON3 Driver v3 Jim Swain Fusion 360 Design
@ Mentua 52" HOn3 Geared Driver Jim Swain Fusion 360 Design
@ Sheet Metal Boiler Experiment 3im Swain Fusion 360 Design Tall Heat Sink

Overall View of the Fusion Team Project

Additional members can be added to a design project by inviting them, like other cloud storage
tools.

Keep in mind that Fusion 360 doesn’t allow two team members to edit the same design at the
same time. This is the same as Inventor. You will have to divide your design to allow parallel
work.

Details Activity

HON3 Free Lance Mikado

[ 1= |
-
+

sjeyaq oelosd

Manage Members

Adding Members to a Project

Saving Locally
One of my favorite tips for Fusion 360 is that you can save to your local cache without pushing a

new version to the cloud.
o Use Shift+Ctrl+S instead of the regular Save.
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This will save a recovery file to your machine. If your Internet connection is slow, or your design
is large, this won’t pause everything while the regular Save is writing to the cloud.

Internal components vs. Linked External Components
Typically, in Fusion 360 you are working in a self-contained design, but you can also link in
other designs from your project.

¢ Drag the component from the Data Panel into your design. The component will display a link
in the Browser.

S -
‘ 9/22/20 D © @ Analsis W
vzew D © Ml loints
D © @ CcCanvas
» ?.(B-ﬁ‘arbox D ©® il s
o= D © @ Ccogfiction
- Dle (b @ srronvivervavai °
@ 52" HOn3 Driver v3 Dle b & szrom Geare%DrivervSﬂ
a 8/31/20 D © () Frame:1
== I Dle (b @ srhonzrvervavaz

A Linked External Component

Design Workflow Tips:

Editing the Toolbar (Ribbon)

¢ Adding a toolbar button to by clicking the ellipses.

To add a toolbar button for a given command hover over the command until you see the ellipsis
button on the end. Pick the ellipsis, then check the box to Pin to Toolbar.

Dl = fr 4 (45

ASSEMBI
(1§ Press pul : IE| Pin to Toolbar N
(Y Fillet F
& Chamfer Change Keyboard Shortcut...

I
Adding a Toolbar Button

Starting from an Inventor Design
e Use existing Inventor designs in Fusion 360.
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Use File > Upload to upload Inventor files from your machine to the cloud. Individual part files
can be directly uploaded, but assemblies must go through Inventor’s Pack and Go utility. These
articles detail the workflows to bring existing from Inventor or other solids modelers into Fusion
360.

https://knowledge.autodesk.com/support/fusion-
360/troubleshooting/caas/sfdcarticles/sfdcarticles/How-to-import-or-open-a-file-in-Autodesk-
Fusion-360.html? ga=2.166420861.298188360.1602890232-1525448009.1516027422

https://knowledge.autodesk.com/support/fusion-
360/troubleshooting/caas/sfdcarticles/sfdcarticles/How-to-export-Inventor-assembly-files-and-
open-them-in-Fusion-360.html

Starting a New Design from Scratch - Components

e Make a new component right away.

In Inventor terminology, you are effectively doing top-down design in an assembly file right from
the start. In some ways the New Component tool is like demoting an Inventor component. By
making a new component you can to a different material and to call it out on a parts list.

e Joints connect components, not bodies.

This is critical. If you want to have relative motion between bodies, they must be in separate
components. If you want to precisely locate an object with respect to each another object, using
the geometry in those objects, they must be separate components.

This key difference between a body and a component probably caused me the most frustration
in Fusion 360 until | finally understood it. | tried fixing my mistakes by using the tool to create
components from bodies, but the sketches and features were all shown on the overall timeline,
not the components timeline. That got very confusing when | tried to go back and edit extrusion
lengths and such. The sketches were in the Browser, but the features weren’t, so | deleted and
recreated objects to force my way through my work. Not the way to run modern software.

¢ Always keep an eye on which component is activated.

It is very easy to create subassemblies without meaning to. All it takes is to create a new
component while an existing component is activated. If you are just trying to make another top-
level component make sure the very top node in the Browser is active.

Look at the Design History timelines in the two pictures below:

In the first picture the top-level component in the entire design is active, and the Design History
is showing all the features in the entire design.
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In the second picture a lower level component is active, and the Design History is showing the
features in just that component.

== l@ O Motor:1 %%:/E =— ' —
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Lower Level Component Active.

Replacing a Component
e There is no “Replace Component” command.

If you want to swap out one part for another you do it by deleting the old one, inserting the new
one, then locating the new one as desired.
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Locating Components in Space

e Joints, instead of Assembly Constraints.

There are no Assembly Constraints, but there are Joints. The Fusion 360 joints work like the
ones in Inventor, so if you’ve been using them for years you may not notice a difference.

If you haven’t used them in Inventor, here is a quick guide. A Joint tells a component how it can
move with respect to another component in the design. This is pretty much the opposite of
Inventor’s assembly constraints, which tell a component how it is glued to another component.
Note that for a joint you need to pick the component that has to change position first, then pick
the one that is staying in position second.

Generally, a single joint can do the job of three assembly constraints. If you keep thinking about
that you might find yourself using joints back in Inventor assemblies, and there is little wrong
with that.

If you have moved components from their initial placement point before adding the joint, you will
get this message:

I Fusion360 x

Some components have been moved.

*i* Capture the current position or continue in

previous position,

Capture Position Dialog Box

Take the Capture option, otherwise the component will be put back in the original position.

=y
| LHopy | 4
| |

)
| @ JOINT »
Position | Motion
¥ Component 1
Mode E & ¢

¥ Component 2

Mode E g ¢

Snap [ select

Cancel

ASSEMBLE * co

Adding a Joint

¢ Joints can be locked to freeze components in place.
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If a joint normally allows motion between the components, then that joint can be locked. Right
click on the joint in the Browser. The joint can be unlocked later, allowing whatever movement
that joint permits.

[‘i* Create Selection Set

@'. Drive Joints
() Edit Joint

&4 Edtt Joint Limits
() Lock

#) Suppress

{2, Animate Joint

R Animate Model

Select Components

X Delete

© Show/Hide

Find in Window

Find in Timeline

Right Click Options for Joints, Including Lock.

o Use As-built Joints to fix components to each other.

This will quickly fix components in their current position to each other. This is very useful when
components have been built in their final position. Any of the joint types are available through
the As-built Joint tool.

e Use arigid As-built Joint instead of Grounding for a Subassembly.

Use the rigid As-built Joint to lock a component to the top level of an assembly design instead of
grounding that component. Grounding only works within the context of the current design. If a
design is used as a subassembly within another design any grounding in the subassembly is
ignored. Instead it acts as if the subassembly was never grounded at all.

Grounded subassembly vs. As-built Joint:  https://www.youtube.com/watch?v=2w8BuJ-3 80
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&J‘* D?Q E g © AS-BULT JONT
Components QZseiected X
CONSTF

B New Component
(7€) Joint J JointType & Rigid v
() As-buitt Joint  Shift=J Adsie >

(&) Joint Origin s ° = —
E Rigid Group
(B Drive Joints

.":9 Motion Link

¥ Motion

EE Enable Contact Sets
[71) Enable Al Contact

D wotion Study

-_—

As-built Joint Tool

e Use Rigid Group
A Rigid Group is useful for locking down all the components inside a subassembly.

Bl 0 = E |
ferszerey)
ASSEMBLE ¥ % CONSTRUCT ~ INSPECT ¥ INSERT

Rigid Group

Locks the relative position of the selected components. The
components are treated as a single object when moved or
when joints are applied.

Select the components to group together.

Rigid Group Tool.

In general | find | have to be more careful dragging components in Fusion 360 than | have been
in Inventor. This is because subassemblies behave like they are flexible. This means that parts
in the subassembly will move if you drag them unless Joints, Rigid Groups, or As-built Joints are
used to keep components in position.

Content Center
e Insert McMaster-Carr Component

There isn’t a Content Center. Instead you insert components directly from the McMaster-Carr
online catalog.
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Bowa

SELECT ™

2J Insert Derive
B pecal
E Canvas

-a Insert Mesh

T insert SVG
T Insert DXF
2" Insert McMaster-Carr Component i,\\,

E Insert a manufacturer part

Insert McMaster-Carr Component Tool

You can create a folder in your project for those fasteners that you use frequently. You can treat
that like a fastener library. But remember that these are specific size and length fasteners, so
you can'’t just drag a grip to get a longer bolt.

Selecting Objects
o Be sure of the selected object type during operations.
Many commands can operate on bodies or components. Be sure you have selected the correct

type.

I| @ MOVE/ICOPY 23

Move Object

Selection O Components
D Bodies...
Move Type
[:] Faces
Set Pivot I} Sketch Objects
LiJ Cancel

Choosing Object Type (Move/Copy)

Sketching

Sketching is very similar between Inventor and Fusion 360. In Fusion 360 the tools are either in
the Ribbon, or in a Sketch palette. Either pick on an Origin plane, a flat face, or on a
construction plane (work plane). Unlike Inventor, you can’t directly create an offset construction
plane while creating the sketch. The construction plane must already exist.

Be careful that the 3D Sketch option is turned off, otherwise you may end up dragging geometry
out of the original sketch plane.
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| @ SKETCH PALETTE g

¥ Options
Construction <
Look At =)
Sketch Grid “
Snap o
Slice (]
Show Profile
Show Points
Show Dimensions
Show Constraints
Show Projected Geometries

3D Sketch o ’

Finish Sketch
Fusion 360 Sketch Palette

When | add dimensions to my sketches, | find it useful to place the dimension’s value farther
away from the model geometry than | do in Inventor. This makes it easier to pick the text to edit
the value later. If | keep it as close as | do in Inventor, | sometimes have a hard time picking the
text as Fusion 360 selects model edges and faces first by default.

Selecting Objects

Create vs. Modify for Mirror and Pattern
In Inventor tools like Mirror and Pattern are in the Modify panel. In Fusion 360 they are in the
Create list of tools.

Extruding
The Extrusion tool starts off assuming you are making a new body.
| @ EXTRUDE ”»
Profile *x
Start | Profie Plane .
Direction Q One Side T
Extent H Distance hd
ce 0.00in -
Taper 0.0 deg -
Operation Cﬁ New Body r
[i ] Cancel

Extrusion Dialog Box
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If you are making a cut you must enter the distance as a negative value. Otherwise you will get
an error message. You can also drag the distance arrow in the opposite direction to make the
value negative. Be careful if you then type a precise value, you will need to keep the negative
sign.

i i
1Rpey | gt

2N

|| @ EXTRUDE »
Start b Profie Plane -
jrection h One Side v
Exten H Distance v
Distance .005 -
Taper Angle 0.0 deg v
Operation ﬂ Cut v

P Objects To Cut

(] [ | [ cancal

° 1 error(s)
No target body found to cut or intersect!

More Info
$-EaYy Q- Q-E B 1 Profile | Area: 0.05in*2 )
Extrusion Error due to Positive Value

| @ EXTRUDE

Profile X

Start P> Profie Plane -
Direction B one sice -
Extent H Distance v
Distance -0.005in -
Taper Angle 0.0 deg v
Operation ﬂ Cut v
P Objects To Cut

Cancel |

< . - .
Extrusion Cut, with Correct Negative Value
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Model, Analyze, and Machine a Component.

To see how this entire process works let’s look at creating the frame for the tender. Here is the
workflow | used, broken into three phases: Model, Analyze, and Machine. Note that the Tender
Shell has already been created.

Phase 1 - Model the Tender Frame

E
oA 8 e W AU2020282129° « 4+ 2D e 0 2
SOLID SURFACE SHEET METAL TOOLS
w GESUS OUPSLEBn @ = ERoOoeS
CREATE v MODFY ~ ASSEMBLE ¥ CONSTRUCT * INSPECT ~ INSERT * SELECT~
oo =

BROWSER
4 |o YETETTE ©
D £+ Document Settngs
D M Named Vews
D M Orign
D @@ Anyss
D © i Jons
D © i canvases
D © @ Sketches
D © @ Construction
Dle @ @ sztomomervava
D@ (b @ sz 0n3Geareanaver vsit
Dl® () Frame
Dle @ @ szHonsomervavaz
pDle @ @ zvomomervavas
Dl® (J wotort
Dle b @ cexwi
Dle O sowrt
Dle (0 ca
D l® (O cyinderst
plo @ e /
Dle @B T
D/® (J @ 25 Wheesetvis

COMMENTS Y $rEaOQ Q- @ 5 B
Hepop LBLLOLIBNB W HENR D FHNGNO LSS PR R FPrONL QR ENEHC &
Current Design, Top Level Active

1. Activate the Tender subassembly.

D © i Anaysis

D © Ml Jonts

D © @ Ccanvases

D © @ Sketches

D © i Construction

Dle @ @ srHonomwervavan
Dle b @ s2Hon3GearedDriver vs:1
Dl® () Framen
Dle @ @ srvomomervavaz =
Dle @ @ srronoivervavas
Dl® (O wowrt

Dle (b @ ocearboxvat

D e (J soier

Dle (O ca

D@ (J cyinderst /
D |o ETEN ©

Dle @ T N

D@ (J @ 26 Wheeisetvi:s

COMMENTS Y <§> v @ @ Q: @ - . @

Mer s> ODFDOOLBLSDODLINOR G066 M|

Current Design, Tender Active
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2. lIsolate the Tender, for better visibilgy.
V I\:’ L"_J ioed)

; ) Opacity Control »
> I@ [) Boier1 B0 orate
Dle (O car |EE I
® O Cvindars Find in Window
D Y Find in Timeline
P Ll fy  Tender1nees

[ I@ (5 Trackd
D @® [ & 26 Whesketvis
D © [ & 26Wheeketvib

Isolate the Tender

3. Create a new component. | am choosing to create an Internal component, so it will be
within this same design file. The new component is also activated right away.

F Autodesk Fusion 360 - o x
i W~ avoer W AU20202-82130° x . 250 @06 a
soLp SURFACE SHEET METAL TooLs
DESIGN + =l 'I = 53 - Wﬂ ” i . E
L& e = fx = L
CREATE~ MODIFY ~ ASSEMBLE ~ CONSTRUCT ~ INSPECT ~ INSERT ~ SELECT~

4 BROWSER e
Wi
.
[ e

=l

| ® NEW COMPONENT »

D © @ Anaysis
I Do im wms
D © i canvases
D © il Sketches
. D © M Cconstruction
Dl @& @ sromomervavat
Dl ([ & szronsGearesprervs
DS @ Fremet
Dl (& szronomervavaz
D] (b ¢& srromomervavas
D3 () Motort
D] @@ seatonit
Dl (O sower
Dl (O can
D () cyinders:1
dle ®
> i Origin
4 © Wl Joints
Bl Rigacroupt
Bl RigaGroup3
Dle (J mencersnert
Dle (0@ 2 wneasetvr
D @ ()@ 26 wheeketvi2

z.

Type: () standard
External (@]
nternal ®

Name Tender Frame

From Bodies.

Parent

o

COMMENTS. el H-EB O QC Q- O E B Tender:1
4>y Ei?![DDI?!HT!TDDI?!TE CRZEZIZ)- ) L]

Create the Tender Frame Component

4. Create a sketch on the bottom face of the Tender Shell, then project that bottom face
onto the new sketch.

5. Finish the sketch.

6. Extrude the inner profile up into the Tender Shell. The distance is a negative value here
due to the normal direction of the sketch plane. This is different from Inventor, as there
isn’t a Flip Direction option in Fusion 360.
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E Autodesk Fusion 360 - o X
- ar o @ AU 2020 2-8-2130% x+ 3N © e 13
soLp SURFACE SHEET HETAL TooLs
- Hl®O® OUPSHEsn # = B 5 @
1ODFY ASSEWBLEY | CONSTRUCTY = NSPECT™  INSERT™ SELECT™
«& BROWSER el © ExTRUDE

1 D © M Cconstruction Profile ® 1selected BB

Dl & @ srHombieraa Start b Profie Plane
. Dl @ srvomcearsimervs

Direction ey one sige.

D () Frame:t
bl B @ shon Btent [l Dstance
I ol B srwom Distance 0%

Y (J Hotort
D] B @ ceamoxan

TaperAngle  |0.0deg

D] O soiert I { . " Operaton (I New Body
Dl O con f
b | @) et

(] oK Cancsl

rign
4 © | s

g RigaGroupt
Pl Rigacroups

comenTs ol NI e S R === 1 Profile | Area : 2871 in"2
TR X q 3
Extrude into the Tender Shell

7. Expand the Sketches node in the Browser and turn the visibility of the existing sketch
back on. This is like Inventor workflow for reusing a sketch.

4 © @ Jonts

F&  RigiaGroupl

& RigigGroupa
B l@ (] tendersnent
D © [ ¢ 25 whessstvi
P © [ @ 25 wheekstvi2
T D @ () @ 25 wheesatvia
P ©® [ & 25 wheekstvie

SR @ render Frame:t O A
D o e
| D © M Bodes o
4 © [l Sketches
oh; & sketem h
COMMENTS el

Moep s LioT
Turning the Sketch Visibility On

8. Extrude both the inner and outer outlines.
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F Autodesk Fusion 360 - o x
i W v o W AU2020 282300 x4+ 50 ©0 a
50D SURFACE SHEET METAL TooLS
— s = | o = ] 2 A=A A e =
DESIGH + ol k- [ ) i3 GQ (” o E i
HHeo® OuPS fi = e
CREATE ™ MODIFY ASSEMBLE™ | CONSTRUCT™ | WNSPECT® | INSERT™ SELECT~
4 BROWSER el © EXTRUDE
3 (D Frame:t Profile
bl B @ srHomomera i - Start | Profie Piane.
Dl & @ srwomomenaas K
Direction Ly one sige
> (3 Motor:t
Pl B @ ceamoxizn s - Extent | pistance
Dl O soiert [ 0.0625in
H
DI O can 0.0 deg
b @ onens
ale & . B soin
Do (] oK Cancel
4 © Wl Jonts .

K2 Rigecroupt
B RigidGroup3
D@ (O Tendershen
D@ (] & 2 wneesetvin
D © (0 @ 25 Wheshstvi2
Dle (] & 25 wneesetvz
D @ () @ 25 Wheehsetvie
PRLAE encerFrame:t_[O]
g i orign
D> © M Bodies

© Sketchi

COMMENTS ol e e- I E B 2Profiles | Angle : 0.0 deg
Woep >y EET 3
Continuing the Frame Body
9. Extrude the outer profile to form a lip around the frame.
10. Turn off the visibility of the sketches.
<4 BROWSER °|\ o
3 () wotors [ e ’7
DI 5@ ceamwoxwet Z\‘\,F_("“
ool O soient o
Dl @ can
[ () cyinders:1
4 IQ (&5 Tendert
D il Origin
4 © @ Joints
F RigidGroupt
B RigidGroup3

| | D IQ [C) Tender shei1

| D ® [0 @ 26 wnessetviz
D @® [ @ 26 Whesketvi2
D ® () @ 26 Wheeketvi3
D@ (0@ 2 whessetvia
4 |o [IEEEEEEN ©
D i origin
D © i Bodies
4 © § Sketches
4 Sketcht
4 Sketchz
DIl B T
b3 () @ 26 wheesetvi:s
COMMENTS I +H-5 @‘ Qe- @-EE

Tender Frame Lip

11. Use Press/Pull to extend the right face towards the right. The offset value can be
changed later by editing the feature in the Design History.
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© OFFSET FACE

= 7 OffsetType  Automatic v
Distance 0215in -

-
(i ] OK Cancel

021Sin | v

Pull the Frame End

12. Create a new sketch on the underside of the frame.
13. Turn on the Construction option.

@ SKETCH PALETTE

¥ Options
Construction {
Look At @
Sketch Grid
Snap (W]
Slice (W]
Show Profile
Show Points )
Show Dimensions @
Show Constraints

Show Projected Geometries
3D Sketch (W]
Finish Sketch

Sketch Palette with Construction Active
14. Project the axles and add additional construction geometry to determine the truck

mounting hole locations. Draw circles centered on these points for the truck mounting
bosses.
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@ SKETCH PALETTE
* Options
Construction
Look At
Sketch Grid
Snap

Slice.

8 008 @;A

Show Profie

(SIS

Show Constraints.

Show Projected Geometries

9

3D Sketch

@]

Finish Sketch

Locating the Truck Mounting Screw Holes

15. Add bosses at these points. Rename these extrusions by right-clicking on the feature in
the Design History.

© ,':‘ Y [ﬁe Create Selection Set
® ]z ! Edit Featurs
© @l xv Edit Profile Sketch
© n'j XZ Rename h
T n'j YZ | #® Delete
> © g, Bodies,, ¥|* Roll History Marker Here
A © Fl Sketches @ Convert to DM Feature
Suppress Features
COMMENTS o Find in Browser
Find in Window

«ep oy DoEeioy

Sketch Palette with Construction Active

16. Add tapped through holes to those locations. Clear the check mark for drilling through
the Tender Shell, so only the Tender Frame is drilled and tapped.
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118.0 deg -

07 in
Thread Type ANSI Unified Screw Threads v
Size 0.086(#2) in -
Designation 2-56 UNC v
Class 2B v
Direction Right hand v

Modeled (1)

¥ Objects To Cut

\ @ Body1 Tender Shell

Body1 Tender Frame

P-EaYQ Q- B E B 0 OK Cancel
Drilling only the Tender Frame

Add the Truck Mounting Screw
17. Activate the Tender Assembly.
18. Insert a 2-56 UNC x %4” Phillips Pan Head Screw.

Bowi

SELECT~

2J Insert Derive
._DJ Decal
E Canvas

3 Insert Mesh

4 nsert SVG
ﬁ Insert DXF
") Insert McMaster-Carr Component i\\)

E Insert a manufacturer part

Insert from McMaster-Carr Tool
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© INSERT MCMASTER-CARR COMPONENT

McMASTER-CARR.

[Fina | B

CONTACT US ORDER ACTIVITY LOGIN v

Choose a Category All Categories How can we improve?

Abrading & Polishing Fastening & Joining

Building & Grounds

Electrical & Lighting Fasteners

Fabricating r

Fastening & Joining % % @ . g c %

Filtering

Flow & Level Control Screws & Threaded Eyebolis U-Bolls Nuts Washers Shims Helical &
Bolts Rods & Threaded

Furniture & Storage Studs Inserts

Hand Tools

Hardware

Heating & Cooling % \D % R ~ E
Lubricating

Material Handiing Spacers & Pins Anchors Nails Nailers Rivets Rivet Tools Staples
Measuring & Inspecting Standoffs

Office Supplies & Signs

Pipe. Tubina. Hose & Fittinas
Home | Help | Returns | Careers | Mobile App | Settings By using this website, you agree to our Terms and Conditions and Privacy Policy

Close

McMaster-Carr Catalog Home Page

19. Browse to the Zinc-Plated Steel Pan Head Phillips Screws page and select the Product
Details link.

© INSERT MCMASTER-CARR COMPONENT

McMASTER-CARR. :

[screws |
CONTACT US ORDER ACTIVITY LOGIN v
Clear All 14 Products How can we improve? | Print | Forward [ ¥ View catalog page
System of Measurement ) Tensile _ _
ines Head Head Drive Strength, Specifications  Pkg.
Lg.___ Threading Dia. _ Ht Size _ psi Met Qty. Pkg.
= Zinc-Plated Steel
Thread Size Show 256
v 2-56 18"  Fully Threaded 0.167" 0.063" No.1 60,000 ASMEB186.3 100 90272A075 $3.70
318" Fully Threaded 0.167" 0.063" No.1 NotRated ASMEB18.6.3 100 90272A076 5.16
Drive Style 14" Fully Threaded 0.167" 0.063" No.1 60,000 ASME B18.6.3 100 90272A077 3.00

)
o Phillips ' Product Detail 4
Zinc-Plated Steel Pan Head Phillips Screws, Packs of 100

2-56 Thread, 1/4" Long

In stock
518" Fully Threaded 0467500637 ba-4 60000 AGMED1B A0 400 00A0F0ANTA 398
8"

Ful &= Milo Spe; Sﬁginless Steel Pan Head Phillips Sefm :| Mil. Spec. Steel Pan Head Ph_illips Screws =

710"  Fully*rhreaded™=0=1o7 0:063" No.- 1 '‘NotRated ASMEEB18T3

. . . 100 80272A080 750
L 7% " 12" Fully Threaded 0.167" 0.083" No.1 60,000 ASMEB186.3 100 902724081 475
16" 172" 1" orne"  Fully Threaded 0.167" 0.063" No.1 60,000 ASMEB1863 100 90272A082 11.16
Home | Help | Returns | Careers | Mobile App | Settings Terms and Conditions and Privacy Policy

Close

Product Details Link

20. Scroll down the Product Details page and select 3-D STEP format for 3-D Models and
SAVE the fastener. After a few moments the fastener will be inserted into the design.
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@ INSERT MCMASTER-CARR COMPONENT

McMASTER-CARR.

| screws |

CONTACT US ORDER ACTIVITY LOGIN

Is this page helpful? j Print j Forward | [F View catalog page

Zinc-Plated Steel Pan Head Phillips Screws
2-56 Thread, 1/4" Long

oUOICEr v

3-D Models
3-D EDRW
3-DIGES
3-D PDF
3-D SAT
3-D Solidworks

v/ 3-D STEP _

Technical Drawings
2-D DWG

AN Ve

SAVE L

Home | Help | Retumns | Careers | Mobile App | Setlings Terms and Conditions and Privacy Policy

Close

Save the Fastener

21. Move the inserted screw closer to the final location to make selections easier when
adding the joint between the screw and the frame.

© MOVE/COPY

Move Object D Components v

Selection X

Move Type . el ) ‘.{“
.'..("

Set Pivot | it

X Distance -1.714in -

Y Distance 0.00in -

Z Distance 0.00in -

XAngle 0.0 deg v

Y Angle 0.0 deg -

ZAngle 0.0 deg v

Capture Position

(W]

Cancel

A714in v [

Move the Fastener
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22. Add joints for the screws to the Tender Frame. When asked, Capture Position for the
screws. Otherwise they move back to their original location.

F Fusion360 Py

Some components have been moved.

« U ’ Capture the current position or continue in
‘ previous position,

| continue |[c.pmmnc=ng_|

Capture Position Dialog Box

| @ JOINT »

Position = Motion
¥ Component 1 - 90272A077 (1):1

Mode E % -

Snap [} 1selected X

¥ Component 2 - Tender Frame:1

- L

Snap [} 1selected X

¥ Joint Alignment

Angle 0.0 deg -
Offset X 0.00in -
Offset Y 0.00in -

OffsetZ -0.060 in v

(i ) oK Cancel

Add a Rigid Joint
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Phase 2 — Machining the Tender Frame

The Tender Frame is designed as a machined piece of brass, both to add weight for better
tracking and to act as a heat sink for the model’s eventual electronics modules. It is a simple
design, intended for 2-1/2 D milling. Please note that | am a hobbyist when it comes to
machining. | would have a shop supervisor check my program before running it on a CNC
machine.

1. Activate the Tender Frame component and Isolate it for easier visibility.

D |® (O cyinders: B ™
Display Detail Control
4 I@ ,[b_..l%”ﬂ%.f.l. @ ShowMHide
> _- Or.lgm &> Show All Components.
— € Show All Bodies
b I@ D fender Snelit Selectable/Unselectable i
ble D ('9 SN Opacity Control » T
D ® ()& 26 whe [ T=pe
ble D ('0 267 Wihee Find in Window E§
ble D ‘9 ZEthi=: Find in Timeline
ble
D @ (O sozr2a077 (1)1
[ @ (& TenderTruck

COMMENTS. @l - Q@
Activate and Isolate the Tender Frame

2. Switch to the Manufacturing environment.
3. Create a setup for milling the top of the part.

= R IR

\ MILLING
MANUFACTURE ~

SETUP ™
Creating a New Setup

4. Have Z pointing up from the part, and X along the part. Pick the corner of the stock box

for the origin.
5. Set the stock size to 3.5 x 1.5” x 0.5".
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<4 BROWSER el

© SETUP:SETUP3 © SETUP:SETUF3
4 © [ Avz282vas g o E 7|

Units:
O uisi v Machine Stock ls
[ B Named Views
Machine Select -
4 © [}, Mok, Hods Fixed size box

.................... Ground Stock at Moc.. (D)

¥ Setup
4 B setus
DB sewpt O Operation Type  Miling - Width (<) 350
Setups Wodel Postion Center -
b B s O ¥ Work Coordinate System (WCS)
5 | setwps . ®

Depth _1 5 =
Iy Orentation Select Z axisiplane & .. ¥ 208D
s « Moge! Postion Center -
z =

Flip Z Axis @ Height (Z) 05in
HAxis [} Edge X Model Posttion Center -
. Flip X Axis. @ Round Up to Nearest  [0.5in
Q/ Origin Stock box point -
¥ Dimensions
Stock Point [} Box Point
i Width () 350
¥ Model
Depth (Y} 150
1 Model [y Body X
| Height (Z) 05in
(J Fixture
’,O- e oK Cancel
-
- o oK Cancel
COMMENTS el F-a N a- @-E G2 C @ 1Face | Area:2.863 in“2

Setup for Top of Tender Frame

6. Use the 2D Face tool to remove stock to the top of the frame.

NG TURNING |
> Be
SETUP~ 2D
2D Face Tool

7. Select a V4" End Mill from the Tool Library. Initially it can be selected from the Sample
Tools — Inch category. The Type can be set to flat end mill to filter the choices.

@ FACE  FACE4

¥\J & &

* Tool

Tool Select...
/ #3-G144" fiat
Coolant Flood -

¥ Feed & Speed

Preset Custom -
Spindle Speed 3000 rpm
Surface Spesd 196,35 ffmin

Ramp Spindle Speed 3000 rpm

Cutting Feedrate 9 in/min
Fesd per Tooth 0.0015 in
Lead-In Feedrate 9 infmin

Lead-Out Feedrate 2 in/min
Ramp Feedrate 3 infmin
Plunge Feedrate 3 infmin
Feed per Revolution 0.001 in

[i ] oK Cancel

Select Milling Bit
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F Select Toal a x
Filters Info
[ Vx - Toolcategory &
© Milling
o Mame Comerradius  Diameter Fltelength  Overall length  Type pro P
SetupS Turning
« Clovd - Sample Tools - Inch I[:‘:‘t::g
[ s v e Fatendmi. oin 0375in 0875 in 250 flat end mill Holders
- ¥ esiewsmsnsatend. oin 0312500 087510 250 fat end mill - Type ®
ey §  ossuss e ratendmiy  oin 0625 in 150 350 flat end mill —
A Tech Toole ¥ orue s enamn oin 1in Lsin 4in flat end mill [ ——
< Fusion 360 Uoary §  ewe e e Aatena. oin 006250 01875 in 15in flat end mill g B fatendmit
Wolders - Standard Taper Bl ¥ s ve e ratendmit) oo 035in 15in 4in flat end mill B emn
I
ammple Hoblers (T} ¥ evewss e atendmity  oin L oBn 075in 250 flat end mill tapered mil
sarmple Holders i ovsws o rsemdny o 04250 0sin 15in flat end mill radius mill
2316 L0725° (3/16° i i chamfer mill
Sample Probes (Inch) i o wnspneAsnmd. oin oasTsin as2sin 2in flat end mill i
L i dovetail mill
comple probes ¥ ovrurwerrsteemny o 0sin tin 3in flat end mill
lollipop mill
Sample Profle Tools (Inch)
slot mill
Sample Profle Tools (Metrie] (Lo gy -
Sample Tools - Inch 1 fomm
Sample Tools - Matric
» Dlameter
Taps - ANST
» Flute Length
Taps - 150
Select a tool
Turning - Sample Toals » Overall Length
Tutorial - Inch + Corner Radius
Tutorial - Metric
Cancel

Select V4" Flat End Mill in Tool Library

8. Set the Pass Extension to 0.25” choose OK. This will generate the first toolpath.

9. Use the 2D Adaptive Clearing tool to machine the lip for the shell to set on.
TURNING

2D Adaptive Clearing

10. Select the inner edges of the highlighted surface for the contour. Note: the same tool will

be used here, so no selection is needed on the Tool tab.
@ 2DADAPTVE : 2D ADAPTIVEA

¥ OO HE =

¥ Geometry

Pocket Selections 4

(L) stock Contours
(L) Rest Machining

D Wrap Toolpath

L) Tool Orientation

[i] oK Cancel

Selected Edges
11. Use the 2D Contour tool to complete the topside machining. It uses the same tool and
selected edges.
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@ 2D Adaptive Clearing

@ 2D Pocket

Q Face

€2 20 Contour [
€% sint t‘}
Q Trace

- 2D Contour

12. A second setup is needed, with the Z axis going the opposite direction from the first

setup.
\ MILLING
O
New Setup
<4 BROWSER e

4 © (5 Av2020282v33
j:_j Units: in
[ B8 Named Views
4 © [}5 Modes
D @ [ AU2020282 a4t
4 [, 5etws,,
4B sewps O
> @ [13]Faced
3] @ [T3]2D Adaptivel
> &> [T3]2D Contour2

N:

New Setup Orientation

13. The 2D Face tool is used to take the overall stock height down to the top of the two
bosses. The %4” end mill is used for this operation.
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Il @ FACE : FACES »

M=t

¥ Retract Height
From Stock top -

Offset 02in

¥ Feed Height
From Top height -

Offset 02in

w Top Height
From Stock top -
Offset 0in

* Bottom Height

From Model top -
Offset 0in
[i] 0K Cancel

2D Face Dialog Box — Heights Tab

14. The 3D Adaptive Clearing tool is used to make the bosses and the frame bottom. The 4"
end mill is used for this operation.

I| @ ADAPTIVE : ADAPTIVEZ »
% |5 e}
¥ Clearance Height
From Retract height -

Offset 0.4in

¥ Retract Height
From Stock top. -

Offset 0.2in

¥ Top Height
From Stock top -
Offset Uin

¥ Bottom Height

From Model bottom -
Offset Oin
[i ] OK Cancel

3D Adaptive Clearing Heights
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3D Adaptive Clearing Toolpath
15. The 2D Pocket tool is to clear the inner pockets. A 1/16” flat end mill is used, allowing for

tighter corners.
oo

2D~
2D Pocket Tool

I| @ 2D POCKET : 2D POCKET4 [

¥ 70 HEH s

¥ Geometry

Pocket Selections  JLSERS ETIES X

Extension Method Tangent -
D Stock Contours

@ Rest Machining

D Wrap Toolpath

@ Tool Orientation

[i ] 0K Cancel

2D Pocket Tool — Selected Edges
16. Finally the Drill tool is used to drill the tap diameter holes for the 2-56 screws that will
mount the tender trucks. A #50 drill is selected for the operation. Note that | didn’t tap
these holes as | am planning on doing that manually.

5o

DRILLING * MULT

Drill Tool
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| @ DRILL : DRILL2

¥ J O H

¥ Tool

Tool

Coolant

¥ Feed & Speed

Select
#1 - B0.07" drill (#50)

Flood

-

Preset Default Preset b
Spindle Speed 10000 rpm
Surface Speed 183.26 ft/min
Plunge Feedrate 17.5 infmin
Feed per Revolution 0.00175 in
Retract Feedrate 40 infmin
[i] OK Cancel

Drilling Operation

17. Simulate the tool paths to verify the operations.

>$

ACTIONS *
Toolpath Simulation

The Simulate tool can show an animation of the tool as it performs its operation. All the
operations for a given setup can be animated to show the machining progress. One option
in Simulate that | recommend is to show the stock as translucent during the simulations.

F Autodesk Fusion 360

- a x
O av oA W AU 2020 282950 x [ 5“@ 0 2
MILLING TURNNG ADDITIVE INSPECTION FABRICATION UTILITES
MANUFACTURE = D @ & 0o - I =
FE e 8LHe : @ = |
SETUR m 3w DRILLNG ¥ MULTLAXIST  MODFY ™ ACTIONS ¥ MANAGE ¥ NSPECT™ | SELECT™
+« BROWSER el
L —
4 ® [}) Avz0282vs =
| i
O untsiin 11"0}“ ‘Jf['
D il NamedViews -
- = | @ SIMULATE
A B Setups [N I 1 o
A B s O i Diplay | G nfo | Gy Statistics
D @ mm3Face3 ¥ @ Tool
D @ [M3120Adaptivet Tool Holder
D & m3i20contour2 Transparent o
4 B | setwps ©

D @ meFaces

D @ m3jadaptivez

D @ [M212DPocketd
D @ 1o Rapid ou

Programmed Point

Q

v @ Toolpath

Show points. [w]
Mode Toolpath before pos.
v Stock.
Mode Standard
Colorization Operation
Material Plastic Vinyl
Transparent
Stop on colision  [J

KO K[> 20
INFORMATION el 00—
COMMENTS el

d-EYTQ T-E @

Toolpath Simulation
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Phase 3 - Check the Design Strength

The frame design has a tall, thin wall around the gear box. If the model locomotive were
dropped how likely is this wall to buckle?
BROWSER
4 ® D Frame:1
[ Bl Origin
4 © Bl Bodies
°
D Footboard Pilot
> © Bl Sketches
[ @® [ construction

3 I (b @ 52 on3Driver v3v32
Dl (b ¢ szHon3bmvervavas
3 () wotor:1

3 I (b @ cearbox vz

-~ —

Thin Wall Areas

1. Enter the Simulation environment.

Typically, the Simulation workflow is to start with the left most tool in the ribbon, and work
towards the right. In this model the material is already assigned in the design, so the
Material tool can be skipped.

SETUP
e
o - o —
SIMULATION + 1 G @ + 4 |:’|z = E [r—
—
[ > = = v
STUDY~  SMPL.™  MATEL.*  CONS..v  LOADS®  CONT..  DSPL..¥  MANA.*  SOLVE™  RESUL.¥  INSPE..v  SELECT™

Simulation Environment Ribbon

Choose the Simplify option.

In the Simplify tool select the Frame in the Browser, right-click, and choose Remove All
Except Selected. This will limit the analysis to this single body.

= Wove to Group

SIMPLIFY § LS
? ) Create Components from Bodies F
SIMULATION ~ i —
&J lL’.‘l IE} Create Selection Set (” o LN n o
CREAT| I invert Selection CONSTRUCT ™ INSPECT ~ SELECT™  FINISH SMPLFY ~
+ BROWSER BB SelectAll Occurrences

D Ml NamedViews OB select Simiar Occurrences
D i origin @ Appearance
A 38, Model Components. | <fl Texture Map Controls

> @ il Cawvases| Properties

D © il Constructd  COPY

>3 [ sreons|

D> &‘ 52" HOn3 +D Remove

> (B 52 Hona| #O ReMove AlExcept Selected

@ Show/Hide Remove All Except Selected
Dl (& szwom
dle — Selectable/Unselectable
(it Opacity Control
3 B Origin B
4 © 3, poges| T
® ﬁ-ﬁnd in Window

o

D

[1) Footooard Piot
D @® @l Construction

() Motor:1

(& Gearboxvz:1

Limiting t

he Analysis to the Frame
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4. Finish the Simplify.
5. Select Structural Buckling for the analysis type, then Create Study.

New Study X

Simpify geometry for use in Simulstion

Ao By

Static Stress Modsl Fraquancies Electronics Cooling Thermal
(Praview)

Aia.ﬂ ]—l| |/_\/\9 ﬁ‘% ]—] Structural Buckling

Determine the Buckling modes of the model.

Thermal Stress Structurzl Buckling Nenlinear Static Event Simulation The Results indude Buckling Modes and their corresponding
Stress Load Multipliers.
N
Yy
="
Shape Optinizston \

Help me choose a study type Create Study Cancel

Selecting the Analysis Type

= MATEIL. CONS.. ™ LOADS ™

6. Add constraints.

Adding Constraints

7. Select the top rear of the frame. A fixed constraint is added by default.

B Fixed
[ Pin

%@ Frictionless

ﬁ Prescribed Displacement

Adding a Fixed Constraint

8. Add a load to the front corner of the frame.
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@%%:

[El..~ CONS... ™ LOADS ™ col

Adding a Load

9. Add the force with values to simulate a hit on the corner. All values are set to plus or
minus one.

@ STRUCTURAL LOADS

Type %- Force hd

- ,

Direction Type [Q i;h’_ .

Fx -1 Inforce -
‘ Fy 1 Ibforce -
Fz -1 lbforce -

Change Units .E_ﬁ.

[i] 0K Cancel

%.v -1 Inforce - 1 Inforce - -1 Ibforce -

Force Settings
10. Right click on the Mesh in the Browser and choose Mesh Settings.
<« BROWSER e
A = simulations
g Units: Custom
RN 7, simuiation hiocei 1 [O)

[> B® Hamed Views
[ Bl Origin
[> © Bl Construction
[> B# MWodel Components
4

D © @& StudyMaterials

N5 Losacaset [0

0= Contacts

B Resuts Bs Togagle Mesh Visibility

D ({5 Simulation Mogel B Generate Mesh
[E Mesh Settings

Mesh Settings

11. Move the Average Element Size slider approximately 3%.
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F Mesh Settings X
Study Type |51n.|c1ural Buckling ~ |
Mesh [ Mesh ]

A Average Element Size

Modelbased Size @ e —

1% 10%
Scale mesh size per part [_]
Absolute Size ()

[> Advanced Settings

s

F

ok || cancel

Mesh Settings

12. Right click on the Mesh in the Browser and choose Generate Mesh.

b3 EY Load Casel [O)

= Contacts
&
! Results Eg Toggle Mesh Visibility

s

b3 & Simulation Model 2 EﬁGenerate Mesh

[ Mesh Settings

Generate Mesh

Resulting Mesh

13. Pick Solve to start the calculations.

SN

Bl

e

RESUL.. ™

éi Pre-check

2= Solve

Solve Stat%
B Generate Mesh
O solve Details

Solve, with Pre-check Warnings
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14. When the analysis is complete view the results.

Job Status X
Data Generative Designs Simulations
Name Solve Status Action
> AU 2020 2-8-2 - Simulation Model 1 - Study 1 - Structur... On Cloud Complete Results  Web
AU 2020 2-8-2 - Simulation Model 2 - Study 2 - Structur... On Cloud Complete R Display resuits of Study 1 -
AU 2020 2-8-2 - Simulation Model 2 - Study 1 - Static St... On Cloud Complete Results  Web
Close

Accessing the Results

1 Max.
I} Total Displacement =
& 4 0.8
Buckling Mode 1: 227 3% Load ~

0.6
04
0.2
0 Min.

Buckling Results

The results indicate that buckling won’t occur until the load shown is increased
approximately 200 times. So, | feel safe that buckling in the thin section of the frame isn’t
likely under normal operation and handling of the model.
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Conclusion

Fusion 360 has many advantages over traditional modeling tools in a conceptual design
situation. Modeling is quicker. Simulations are easy to perform. Machining is straight forward.

At the same time, if you try and run Fusion 360 just like Inventor you will cause trouble for
yourself. Remember to create and activate components. Remember to use As-Built Joints.

Now go give Fusion 360 a try on your next project!
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