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Learning Objectives

Understand Autodesk Generative Design approach

Understand the new design space tool

Learn how to orient Autodesk Generative Design results

Learn how to increase product performance on machinery components

Description

As part of Fusion 360 Ultimate software, Autodesk Generative Design is the new design space
tool for designers and engineers capitalizing on the power of cloud and artificial intelligence (Al).
During this class, we are going to discover how to use it for expanding and increasing the
innovation on machinery industries effecting products’ performance and production costs. We
will use real customer examples.

Speaker(s)

Matteo Crocetti. With 17-year experience on CAD\CAM\PLM products as Application Engineer
in several companies, Matteo Crocetti joined Autodesk in 2013 as a Technical Sales EMEA
focused on Autodesk Design and Manufacturing Products and Data Management. He is really
passionate for disruptive technologies and in general, everything that can help to find a new way
to make anything.

Alessandro Gasso is currently employed as Manufacturing Cloud Adoption Specialist within the
Customer Success Organization at Autodesk, Inc. Over the past 17 years with Autodesk, Ale has
worked in various roles including product support specialist for Inventor, the lead for the EMEA
Inventor Product Support Team, EMEA technical lead of Inventor software, premium support
specialist leading the PSS Manufacturing Team, manufacturing industry technical lead, and
Enterprise Solutions leads manager. Ale was the co-author of the Being Inventive Inventor blog, and
he has spoken at Autodesk University in 2012, 2013, 2014, 2015, 2016, and 2017. Before Autodesk,
Ale worked for 7 years as a mechanical designer for a company in the defense industry. Ale is a
native of Italy who speaks English, Italian, French, Spanish, and Portuguese, and he holds a
master's degree in electromechanical engineering from the University of Naples (Napoli).
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AUTODESK GENERATIVE DESIGN

Autodesk Generative Design is a design exploration
technology.

Simultaneously generate multiple CAD-ready solutions
based on real-word manufacturing constraints and
product performance requirements.

Designers or engineers input design parameters (such
as materials, size, weight, strength, manufacturing
methods, and cost constraints) into generative design
software and the software explores all the possible
combinations of a solution, quickly generating hundreds
or even thousands of design options. From there, the
designers or engineers can filter and select the outcomes
to best meet their needs.

All the chairs in this picture meet the design

requirements, respect the boundary conditions and can all be produced with the manufacturing
technologies available today.

HOW DOES AUTODESK GENERATIVE DESIGN HELP THE PRODUCT
DEVELOPMENT PROCESS
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In the traditional approach, we must evaluate and validate the manufacturability of few concepts
before sending one of them to production.
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GENERATIVE DESIGN

MULTIPLE VALIDATED
MANUFACTURABLE OPTIONS
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Generative Design generates a wide range of designs, from thousands to tens of thousands,
that meet the requirements.

The result is complex, high-performance structures that human designers would never have
conceived.

Unlike topological optimization, the software explores all possible permutations of a solution,
considering even today's production capabilities and technologies, quickly generating design
alternatives.

What makes the design exploration unique is its ability to analyze all the possible variants of a
solution and present the list of possible choices to the designer, who will be able to make an
educated decision on tradeoffs for a given design challenge and produce it, reducing the time to
go from the design to production and therefore, increasing the productivity.

Another often benefit of Generative Design is the ability to consolidate parts. Because
generative design can handle a level of complexity that is impossible for human engineers to
conceive — and because additive manufacturing can enable the fabrication of the complex
geometries that generative algorithms often produce — single parts can be created that replace
assemblies of 2, 3, 5, 10, 20 or even more separate parts. Consolidating parts simplifies supply
chains, maintenance and can reduce overall manufacturing costs.

The price performance curve is the
way in which teams can make an
educated decision on tradeoffs for a
’’’’’’’’’ given design challenge. You can
make different choices along this
curve, which will each satisfy the
requirements, with both a different
cost as well as a different
performance and experiment. You
Y need to decide which one delivers
Cost to Produce the value that you need.

Performance

Low Cost/Low
Performance
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Performance

Cost to Produce

A popular open sourced design challenge was the GE Bracket challenge. The interesting thing
from this challenge is that many hundreds of designs were created, all satisfying the
requirements, but all with different costs to produce, based on materials, process, and other
design parameters.

The challenge for any design team is how can you produce all these options, which culminate
into multiple man years of engineering effort, with today’s rapid decision-making environments.

The answer is to turn to Generative Design that with the help of cloud computing, can augment
the ability of engineering teams to develop and explore the full design space for any problem
that they may want to explore.

AUTODESK GENERATIVE WORKFLOW

The primary intent of Generative Design is to change the paradigm of engineering where the
CAD software is playing a role mainly related to create 3d content based on human experience.
After 40 years, engineers and designers are still using 3d and 2d applications for developing
ideas based on their experience of the real world.

Those experiences are still the best way for creating digital models but are limited due to human
being capabilities. Personal experience, school, geographic location, family, food, life style...etc,
everything has an impact on the product development.

Generative Design is a tool that helps to augment engineering capabilities during the creation
phase of a project.
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If we take a tour on the traditional product development, it's easy to see that the Design
and Simulation processes could be iterated multiple times for fine-tuning a previous
concept phase.

TRADITIONAL
PRODUCT
DEVELOPMENT

CONCEPT DESIGN SIMULATE

OPERATE £ RETIRE

...Ew@,g,%,

With Autodesk Generative Design, engineers and designers are able to obtain a design space
of hypothetical solution based on stating inputs and needs and add those synthetic suggestion
to their experience for creating new shape, already optimized and ready for final VALIDATION
and FEM analysis.

NEW
PRODUCT
DEVELOPMENT

GENERATIVE
DESIGN

— DESIGN
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MOVE THE REAL ENGINEERS VALUE

Introducing Generative Design on concept workflow means primarily to free time on modeling routine
and move the real value of engineers in setting project needs and boundary conditions.
This new workflow can be a real collaboration between software and humans.

At the moment, generative design is a partnership between the design package and the
engineer. The engineer pulls the strings and the computer does the rest.

Software such as Autodesk Generative Design is highly functional, allowing the design
engineer to input a wide array of design parameters and objectives, such as the type of
material, desired performance and mechanical properties, cost considerations, and fabrication
technique.
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The software then runs through a huge number of generated designs towards solutions that
satisfy the engineer’s requirements. The resulting options are presented to the designer with a
full set of data which includes the mechanical properties of the object. The engineer evaluates
the various results and then has the option to return to the design parameters and adjust them if
necessary.

Generative design ties into another piece of Autodesk software called Netfabb, which fabricates
designs using additive manufacturing (also known as 3D printing). This means that a prototype
of the product can be made very quickly once a design is chosen in the Autodesk generative
design system. This highly integrated approach to design and manufacturing is making the
process more streamlined and efficient than ever before.

WHAT THE FUTURE CALL

Generative design is already making its mark on the world we live in. New Balance has
developed customizable running shoes that are generatively designed to exactly fit the feet and
running posture of athletes, before being additively manufactured.

In the near future, it will be commonplace to see unusual-looking products and
structures that have been generatively designed for optimal functionality.

The challenge for designers and product developers is to stay competitive in the marketplace.
As more and more companies adopt generative design practices, it's likely that their offerings
will become similar. The challenge then will be for design engineers to use their

knowledge and skill to adjust the design requirements, thus allowing the computer to come up
with original designs.

For example if we take this pick and place assembly based on moving things around
using vacuums, engineers can convert that shape into something more performing
increasing lightweight, changing manufacturing and overall reducing machine
consumption at all. The way to do that are based on real needs.
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Engineers have to define manufacturing typology and set expectation of their machine in order
to respect the prerequisite of working condition, materials manufacturability and everything
can impact the products. Than they can decide to redesign existing parts, o substitute all the

structure as a unigue part as below.

They can also be inspired by the design space and create something similar to a Generative
Design resu
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Customer Example

We are going to use Generative Design for redesign a critical component of an automatic pallet
stretch wrapping machine.

Objectives

We want to reduce the mass of this support (wheels and ball bearings excluded) consisting
mainly of steel components with a total mass of about 15 kilograms and consolidate it, moving
from the 50 parts that the old design is consisting of, to just 1!!!

Workflow

The old design has been created in Autodesk Inventor.

So, the first step of this workflow is to create in Inventor a derived component from the main
assembly.

We want to use this component as reference for defining the Preserve and Obstacle
Geometries for the Generative Design workflow.
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Therefore, the derived component will contain the component we want to redesign and few
additional entities from the main assembly that will be useful for defining more precisely the
Obstacle Geometry.

From Inventor we save the derived component to the Fusion 360 project in Fusion Team using
the Autodesk Desktop Connector capabilities.

I Save Copy As

@ Q5_DED_WORK Save in: ALZ018

23 Workgroup Search Paths = Documents
(£1QS_DED_PATH Name ! Music
ﬁ CMR Bovrw m Videos

T Libraries Live F
[C] Content Center Files Pick =} TRIAL102336
[ FACTORY_ASSETS AUZ018
(=] USERLIB | Forvolgitore

| open the Inventor file in Fusion 360, and using it as reference, | start creating the Preserve and
Obstacle Geometries.

From the picture below, you can notice | only provide four fixings, instead of six, as in the
original design. The study will confirm the accuracy of this decision.
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F Autodesk Fusion 360

F Autodesk Fusion 360

W preparation vi* x
B OE- H -~

L Preparation v4* x

soun SuRFACE SHEETMETAL AsseusiE To0LS
v % F= 3. i
- QS POoFSIT W
e et 8 SOLID SURFACE SHEETMETAL ASSEMBLE TOOLS

. o QUS@ITE FODSFSS P
PRA S propanation vi_[O] . -8 S

D £ OocumentSetings CREATE ¥ MODFY ~

D E1 Nemeaviews «« BROWSER LR

D @ B orign

D 9 B3 soes "IN fs _ Preparation v4_[O]

D Q B3 Skeiches D £ Document Settings

D @ E1 Constucton

D B3] nNamed Views
E] Selection Sets
Q Origin
Bodies
Sketches

Preserved v1:2

AR VARV VA A VA v

B
|
B8
B3 construction
®
B

Obstacles:1

Then, in the Generative Design environment in Fusion 360, we define the Preserve and
Obstacle Geometries.

F Autodesk Fusion 360

@ Ppreparation v5* x

B R H -~
DEFINE

T e g8 =4 8 8

STUDY ¥ MODEL ¥ DESIGN SPACE DESIGN CONDITIONS ¥ OBJECTIVES ¥ MANUFACTURING ~

<« BROWSER (& Preserve Geometry

3 Obstacle Geometry

A %5 Generative Studies
(0 starting Shape

@ unis: Custom
PROM fo_ Generative Modei +_[O}
D EJ] NamedViews
D B3] Selection Sets
D @ B3 orign
D @ E3J Cconstruction
4 B3] Model Components
D @ EJ Bodies
D @ (b Preservedviit
D @ (b oObstacks:1
4

D @ (@ -Preserve Geometry

D @ @ obstacl Geometry
® G Starting Shape
='= Objectives
& wanufacturing
&y  Study Materials

" 5 Losa caset [O)

After that, we can hide the Obstacles, so | can apply the design conditions to the Preserve
Geometry, starting from the fixed constraints we apply to the four fixings.
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F Autodesk Fusion 360

@ preparation vs* x

HORH -~

DEFINE
GENERATIVE 28 = -
E = eoD a
o~ ge B2 @ 5 & S E
STUDY * MODEL * DESIGN SPACE » DESIGN CONDITIONS * OBJECTIVES ¥ MANUFACTURNG ~ MATERIALS GENERATE ¥
« BROWSER el
A 85 Generative Studies @ STRUCTURAL CONSTRANTS
[ unzs: custom Type 8 Fied o
49 Generative Model 1_[O] o g x
Named Views
4= ~ HEE

E] Selection Sets

£ omn
£ Constructon o ) oK | [Cancal

D
D@
D@
4 1, Mogs\Sompenents,
D
D
D

@ B Bodes

@ L. Peserysany), 0

Q@ (B ovstaces:1 .
4

D @ [ rreserve Geometry

D @ B obstace Geometry

@ (0 starting Shape o .
B ovecties a-
& Msnutacturing

& Study Materials . .
[ ® £ Losd Caset [O]

Then, we apply a load of 1500 N in the negative Y direction to the four faces in the image below.

F Autode on 360

I . Bt e * _

HOBH A~

DEFINE
GENERATIVE P —2a = T =
. - - .
wsen * B9 G = E < = 0% &l
STUDY ¥ MODEL » DESIGN SPACE ¥ DESIGN CONDITIONS ~ OBJECTIVES ¥ MANUFACTURING ¥ MATERIALS ¥ GENERATE ¥ MAY
SEOROWSER o o @ STRUCTURALLOADS

o
tive St
A 85 Generative Studies Type < Force v

a Units: Custom
VM fs  Generative Model 1_[O] o g X

D E] Named Views <
D FJ Selection Sets o DirectonType (L [ .
D @ B3 origin Fx 0.00N v
D @ E3 construction
Fy -1500 N -
0 Fz 0.00N v

Change Units Q
D @ (B oObstacks: ‘ q

4 ° ok | [Gancel
D @ [ Preserve Geometry
D @ 3 obstace Geometry .

@ (O starting Shape 0
=-= Objectives

& Manufacturing

&  Study Materials
N * Losd Caser [O)

After that, we clone the Load Case 1, so | don’t need to reapply the fixed constraints to the fixings.

N ® 5 LosacCaset [O

@ ShowmMHide

m New Load Case
Clone Load Case
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We just need to edit the Force and apply 1800 N in the negative Z direction to the faces as in
the image below.
F Autodesk Fusion 360

I . AL * _

B R H -~

DEFINE
CEElaluE i ¢+ 4 A - %l O =
o - B @ G =L L7 = @ X &
STUDY~  MODEL™  DESIGNSPACE™ = DESIGNCONDTIONS® ~ OBJECTVES™  MANUFACTURNG™  MATERALS ™ GENERATE ¥
« BROWSER el
PRRPN fs__Generative Model 1_[O} o © EDITSTRUCTURAL LOAD
D B3 NamedViews Type < Force -
Selection Set:
- x
D 9 B3 omn &
5 z
D @ E31 Construction 6
D B3] Model Components DirectonType L Py .
4 = vaon -
D @ [ Prreserve Geometry o ~ 000 .
D @ ¥ obstack Geometry

g Manufacturing

&  Study Materials (i) OK Cancel

- F -1.800E+04 N -
1% G Starting Shape £
&3 Objectives ‘ ChangeUnts [

PRe = Lowcaset [O

A Q L Loads
13 eravay

V] @ == Forcet

D @ = Constraints
4 &l L9992,

We repeat the step above, cloning the previous load case, editing the Force and applying a
force of 500 N in the negative Y direction to the face as in the image below.

I i PIONaIRtion Vo' * _

B OE H -

DEFINE
GENERATIVE Ty 2% 3 S O = .
= — = ¢ =
wson * S5 B =& L0 = ® M & H
STUDY~>  MODEL~™  DESIGNSPACE™  DESIGNCONDTONS™ ~ OBJECTVES® = MANUFACTURNG™ = MATERIALS ¥ GENERATE * MA!
<« BROWSER el
A %5 Generative Studies 6 © EDITSTRUCTURAL LOAD
O  unis: Custom Type <% Force -
WM fs  Generative Model 1 _[O) Targets X
Named Views f
> B o DireconType (L [ .
D B Selection Sets o
- Fx 0.00N -
D @ B3 orign
D @ EJ Cconstruction Fy -S00.00 N v
D B3 Model Components . Fz 0.00N -
4 é

Change Units Q

L] OK Cancel

D @ (@ Prreserve Geometry
D @ FJ obstack Geometry °
@ [ starting Shape 0
:-: Objectives
& Manufacturing \
&  Study Materiais 0
D B Loadcaser .
D B Loadcasez
PN ® 5 LoadCases [O] .

4 Q K Loass,
Finally, repeating the same steps, we apply the last force of 500 N perpendicularly to the
two faces as in the image below.
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F Autodesk Fusion 360
l Q kel * _

B R H ~ -
DEFINE

GENERATIVE s
wa - B @ QB =L
STUDY~  MODEL™  DESIGN SPACE™

<« BROWSER Ll

A .' Generative Studies
@  unis: Custom
VRRON fs_ Generative Model 1_[O}
D EJ NamedViews
D EJ Selection Sets
D @ B3 orign
D @ EJ construction
D B3 Model Components
4
D @ I Preserve Geometry
D @ 3 obstace Geometry
@ (O starting Shape
Objectives
Manufacturing

Study Materials

HEHS DS

howoe

(%" Losa cases IO

@

DESIGN CONDITIONS ¥

&

”~ = S O
W = ©® X & =
OBJECTIVES ¥ MANUFACTURING ¥ MATERIALS ¥ GENERATE ¥ MANAGE ¥

€

© EDITSTRUCTURAL LOAD

Type = Force -
7

Direction Type E B A
Flip Direction 73
Magnitude 500.00 N v

Change Units g

% ‘ (i} oK Cancel

Load Case1 .
Load Case2
Load Case3 .

After having defined the Load Cases, we specify the objectives for our results, that, as | wrote
above, is mainly to reduce the mass of the existing design, using a Safety Factor of 5.

-
]

MANUFACTURING ¥

OBJECTIVES ¥
© OBJECTIVES AND LIMITS
¥ Objectives

Minimize Mass ®

Maximize Stiffness O
¥ Limits

Safety Factor S

(i ] OK

Cancel
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Then, we specify the manufacturing methods we would like to use, so that we can get the
results for each of them

© MANUFACTURING

Unrestricted 9]

Additive 9]

Overhang Angle 45.0 deg v
Minimum Thickness 1.50 mm v
Miling

Milling 1 13, 3-axis v

+ X
Setup orientations X+ . z*

Include all six orientations (&)

Tool Diameter 5.00 mm v
Tool Length 40.00 mm v
(i ] 0K Cancel

Finally, we specify the materials we select the materials we want the software explores for our
results and we are ready to generate them.

= F N = I
= - — ¢ —
M o M S
| = MANUFACTURING ¥ MATERIALS ¥ GENERATE ¥ MANAGE ¥ E

MATERIALS ¥ GENERATE ¥ MANAGE ¥
© STUDY MATERIALS Generate

: \ | \ ' \
A\ ~ o/ -
STUDIES OF THE ACTIVE DOCUMENT

Titanium 6Al-4V M study Status

Generative Model 1 - Study 1 - Generative
Generative

® Ready
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From the final outcomes we select the one that converged and offers a relevant mass

reduction compared to the original design.

The manufacturing method is 3 axis milling and the material is Titanium
W

Sort by Mass

Study 2 - Generative - Outcome ... Study 2 - Generative - Outcome 1
1748 kg

1439 kg 1

For refining the final outcome, we export the result and then insert it in the existing design.

e ®

Create new design from outcome

{ Preparation v9
Export outcome to STL

\

Stress reference

Study 2 - Generative - Outcom...
Tteration 51 (final

Properties
Ideal Stress

\deal  Status Converged

Stress in these regions .
S ethod Organic

performant

Titanium 6Al-4V
s Yo, ¥-
cturing method 3 axis milling
e (mm? 324,731.25

¥ Autodes Fusion 350

< A AU2018
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In the Generative Design environment, we clone the previous study and select the
model inserted as starting shape.

O Preparation v11* X

B O H e~

DEFINE
GENERATIVE _ 2 nn PN
eson * B Y == O
STUDY ~ MODEL ¥ DESIGN CONDITIONS * OBJECTIVES ¥ MA

<« BROWSER G Preserve Geometry

S Obstacle Geometry
G Starting Shape

A =5 Generative Studies

Q Units: Custom
VI°N fs_ Generative Model 1_[O]
B3] Named Views

F] Selection Sets

@ E3J oOrigin

@ E3J Construction

H Study 1 - Generative
Ea Study 2 - Generative

D
D
D
D
D B3 Model Components
D
D
Dl - study 3 _Generative |

We edit the manufacturing option unchecking the unrestricted box.

We leave the other settings as in the previous study and generate the result.

Export the final outcome 79% lighter and that allows to replace 50+ component in the original
design, with one.

We have selected a model to be manufactured with 3 axis Milling in Cast Iron.

< Preparation v12 ® (e

Ideal Stress

Stress in these reglons-
5 the most performant
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Starting from this shape user can move on and elaborate the real 3d model that has to be
manufactured. According to the needs of number of parts, performance and everything that can
impact the production costs, engineer will decide to go for milling from stock or casting.

Let's go for casting. Using the T-spline environment we can modify the output and adapt the
shape for making the mold.

ftodesk Fusion

Starting output for milling +Y-Y] ‘ ‘ Modified for casting

e

° c-ooat BES a

LI ] u;)"a's'a'aﬂ@T @

The final model looks like:

F Autodesk Fusion 360

L B
B OB H e ® wmocoun: @+

- BoUfERABBA W = D88 E i

o ¢-@oQQ B E-E a

er s o @
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As a validation point, we run a stress analysis simulation in Fusion 360 using the same loads
and constraints used for the Generative Design Study, for verifying the component doesn’t
break.

° SO BB a

Also factor of safety respect the rules of Gereative Design setting:

° eEaoaQ BB &
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Cheded the model on Fusion360 Simulation, we can go for moulding the part using surface
modeling and solid boolea like this.

F Autodesk Fusion 360 o

x
B B H &~ © oo @

- BoDF @ B BR W = o & B

CREATE®  MOOFY® ~ASSEMBLE®  CONSTRUCT®  WSPECT®  MSERT® MAKE® ADOMS®  SELECT®

pop—— e

4 ? [IEZTIN O

The mold is ready also for machining in the manufacturing environment:

F Autodesk Fusion 360 - o
W ok ve*
oW oe H & ~- @®  ameoCrocem (2]
5 e
w BB 26 & HEE = 3@ 8 S
ot g It A LS| i S| | Pl sy e :
* BROWSER ° »*
49 (B cammon o
O et om
D 1 CAMNamed View
D @ & canConporm
4B Sees @ SMULATE »
4 = (sl ©  Osoly |G bro | gy Sttmscs
o @
- o
Transparent (=]
@ Tootpatn
Show ponts Q
— -
v @ stock
o e
O e
,,,,, =
Transpacent Q
Stop on comon @
e
Ko &[>® 0 N
O
° 529 q- PR
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After that, in Fusion 360, we insert the model in the Inventor file we’ve created as derived
component and saved to Fusion 360 project in Fusion Team and we remove the components
from the original design that are meant to be replaced with the new design.

nterterenze v2 x

B H = = © wstwoncmc @~

w: BoRFO0@ BB W = e R B

SwETCH - CREATE>  WODFY<  ASSEMBLES | CONSTRUCT=  WSPECT=  WSERT= WAKE-  ADDAS= | SELECT®

« BROWSER °
PRCR Fs intecterenis v2 [O]

Semegs

CE R R

° S@ox Q- B-EE
Heb sy @dddbtdtsbade ~

Finally, in Inventor, we replace the original design with the file created in the step above.
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