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Stressing Out: Simulation Workspace in Fusion 360

Elizabeth Bishop
University of Warwick, UK

Learning Objectives
e Learn about the basics of setting up a simulation in Fusion 360.
e Learn how to understand which simulation study type to use.
e Explore simulation outputs and how to use them.
o Explore iterative design methods.
Description

Fusion 360 software could be your most powerful tool as a designer, maker, or engineer. Fusion
360 is an all-encompassing piece of software that helps users with processes from start to end,
design to manufacture, utilizing CAD, CAM, Simulation, and Rendering to envisage a design. This
class will focus on the middle of that process—Simulation for Fusion 360. Simulation lets
designers test (simulate) their designs before reaching the manufacturing process. This enables
iterative changes without the time and money (and potential waste) that can go into making a
product only to find it doesn't meet the standards needed. The Simulation workspace in Fusion
360 can feel a little intimidating at first glance—with so many options to choose from. This class
will take you through the steps, showing you which study type of simulation can be used
depending on what your aims are. You will leave this class feeling more confident and ready to
improve your whole design process!

Speaker

Elizabeth Bishop is a Postgraduate
Researcher at the University of Warwick
researching Large-Scale Additive
Manufacturing (3D Printing). She has been
interested in 3D printing for several years now,
following a successful project surrounding
designing and making a humanitarian rescue
UAV. Elizabeth also volunteers as a Maker in
Residence in the Engineering Build Space at
Warwick University where she explores
making, CAD and CAM alongside 3D printing.

@LizBish94
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Introduction

In this class we are going to go through the entire Simulation workspace in Fusion 360. We will
go through the basics of setting up a simulation; how to choose the study type; how to review the
results; and how these can be used to influence future design decisions. We will cover the
following study types in the simulation workspace:

Static Stress

Modal Frequencies
Thermal

Thermal Stress
Structural Buckling
Nonlinear Static Stress
Event Simulation
Shape Optimization

N~ WNE

There is a supplied data set for this class which you will need to upload into your data panel. For
each section follow the example through the step-by-step instructions to solve the simulation
study.
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Static Stress

Static stress analyses can be used when a known load is applied in a static (non-dynamic) way to an
object. The resultant stress, strain, and deformation results analysed to determine the likelihood of
failure of the design. For a Linear Static Stress analysis, it is assumed that the model will behave in
an elastic way i.e. will return to the original shape when the load is removed.

Exercise 1A+B: Static Stress, Spanner
In this exercise we will perform a static stress simulation on a spanner.

1. Qpen the supplied file 1A_Spanner_No_Fillet

[T TR——

- o x
[y — ~+mE0De0H

RIS BOULSLABHN H = B W

PRy IQ BEE

Webow Dmun] o

2. Move from the Design Workspace into the Simulation Workspace

Fusion 60 iducation License)

3. Choose a static stress simulation from the study type menu

New Study

N R
A 1 ke 4
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4, Set your material to Steel (Same as Model)
© STUDY MATERIALS
View Al Materials ~| [search...
Category Name Component Study Materials Safety Factor
Metal Steel Simulation Model 1:1 (Same as Model) Yield Strength
Material Lirary | All Lbraries v << Properties

5. Apply the constraints to the two surfaces as below, use a fixed constraint, and click ok

W —— Eesse@EN e weose0

— a3 e W vIIBeE T RLTO L v

" e - e
= =
. R 8 PP
F Autodesk Fusion 360 [Education Licersel - -] *
N R B T 14_Spanner_No Filstsa® ~+=ENDEB0H
sene
. * i L = ¥=o F B e
- | o | @ @ E L S Eﬁrﬂ B B GS2E0 L =
SOV SMAFYT  WAERALST  CORSTMAMIST | WOADST | COMACTS® ospuar - wanace = souve- mesarse | wsecr | smecr
 srowsen .
b | @ sTuCTAAL CousTRAMTS =
P e @ Feae
b -
4@ ) st smscse . uRE
D G Sty eatonan
D @ Lesacem o oK Cancel
p—.
|
B sents
4 W
© @ sty usras
b EENTTETG
fpr—
B uen
B meuts
LY T8 A BE 2o | M Ditance : 2508 mm

6. Apply the loads. Select the split face. Using a force load, change the direction type to
angle and a magnitude of 500 N.
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F hutodesk Fusion 360 {Education License) ) - o x
[ R BRI @ 1_Spanner_HoFiletva* <+ E D8 QH
semue
= y= o P I
swoaon - o % OF R ZE2E0 L =
e s ‘:.iﬁ =] ) = ¥ e E em — &
SWOYe  SWAFYe  WATIRALS® | CONSTANTS®  L0ADST | CONEACTS® oispLav - anage - souve dsaTse | wsmcte  suscre
« mRowsen o)
A= Smusions
B unts: Comtom
4 o [EITEIXECIN ©
D B e vans
b o B own | @ STRUCTURAL LoADS -
[ i Constructen Type s Force
D B odelCompanents e [N
4@ J sy - Svens
od Ut (3
D@ Sutyascas
b B Losocaser e - ES
Epy—, Refwreoce [y Semct
B reus —
v ange = -
PN suirz siavc suesa |
D © @ SwudyMsteisis Zangle 0.0deg
» EEETETEG L]
Smcomnch Magntude £
B e
Coanae Ut
B e B
° oK | [ Gancal
i G
COMMENTS o) R - R 1 Face | Area : 571047 mme2

7. Check that the pre-check is ready

F Ready to Salve X

o —
&5 The study setup has all the information required.

o]

8. Click Solve and choose either on cloud simulation (requires 5 cloud credits) or solve
locally.

Solve X

SOLVE « FAQ @® On Cloud O Locally

STUDIES OF THE ACTIVE DOCUMENT View Options ~
M study Status Cloud Credits

Simulation Model 1 - Study 1 - Static Stress Solved

Static Stress S

B simulation Model 1 - Study 2 - Static Stress
Siatic Stress @ Ready

Solving simulation studies uses cloud credits Learn More

The document is modified. 4 new version will be created before the solve.

Solve 1 Study Close
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Review your results. You can change the result type using the drop-down list

D 14_Seanner s Faet 2

-+ @00 01
o1
s | a2, ) = T
- SR@ 0 "~ & @ #6+R ©
ST TONS COMMAE CEFORMATON * DERLY MANADE T sacT PRI RESLLYS
pepe— o

D B tesecams
@ concn
B v
B s
.
[ e
oosmn
o o

S BITR- G-B-

10. You can also animate your results, change the deformation scale, and share your results
by generating a report.

¥ Actodest Fuson M0 (Iducaticn Lcense)

O 1A_Spamer_No Filet Y

coE e D asr B O

stcre

Von s
“
-
@ 4 oy
»
006 Mn

SHamnto. mo@m.
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Exercise 1C+D: Static Stress, Spice Shelf

1. Open the supplied file 1C_Spice Shelf Bracket_No Cross Brace

- o x
~+E0D00H

1 1C_Sskce et Bracn s Cross Brace

K‘
PBoTQ G-E-E
Hepow OUWOCNOTHEBDEDD] o
2. Move from the Design Workspace into the Simulation Workspace
'Iv:nh:ﬂ.‘x:e:\l(md
TR ®
(o §
Sl < no ot i[O}
3. Choose a static stress simulation from the study type menu
New Study X
N gty geometry for e n Smuston
T
Al By
3 a3 . ™~
nﬁ ﬂ m “"a Dl simplify

Simplity Model
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4, Change the material to ABS Plastic

@ STUDY MATERIALS

View |AJI Materials - | |5earch...
MName Component Study Materials Safety Factor
Bracket:1 ABS Plastic Yield Strength
Material Library | All Libraries ~
OK Cancel

Apply a fixed constraint to the back face of the bracket, then click ok

BB 8 &0~ W 1C._Spice ShexBrackel_No Cross Brace 12"
serue
smumon s (3 &5
[ ?-

STUDY< | SMPLFY <

- a8 x

RN

i

= < E3MRL 2 5250 L
e |

LOADS ™ | CONTACTS = DEPLAY

=
 BROWSER

= Ly

LR
4 B smanons
O wnes custom Nep| gtk
PRY P _simuistion Mode 1 o) b
D W Hamed Views
[ | cogn | @ STRUCTURAL COI -
D M Wotel Components e @ P
- EEE
o oK [=

[Yeu can seect more faces.

Ll CrEas e 8@

1 Face | Area: 1636100 mm*2
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6. Apply a load of 60 N to the top surface, acting downwards. Change the type to Force.
Direction type to Normal (acting downwards) and a magnitude of 60 N.
7.

F Autodesk Fusion 360 (Education Licenze)

- a X
B B B 4o 9 1C_Spice Shew Bracret_No Cross Brace 2 ~+ERDGOH
won- o @ B = 2 FFMARRE E SSEO L = O
4 5 smaatoes
O unts Custom
PR Ps _cimuiation Masei + o)
D W Nomes Views Select location(s) for i6ad (rly faces)..
)3 W onon { @ EDT STRUCTURAL LOAD "
D B Model Components Ty = Foron
‘ D © & Sty Materas 4+ ol Targes B -
4 EENTETEG kel - T
4 © i Loads FloDresson [
] % oy Uagntude sn00H
W] ® & Forcet Changetnts [
o
Fle g mn o oK Cancel
o
B Mesh
B Resuts
comuENTS o) . a- g 1 Face | Area: 1536408 mm*2
8. Click Pre-Check to ensure that everything is set up for the Simulation
F Readyto Solve *

o —
&6 The study setup has all the information required.

o ]
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9. Select Solve and either solve on the cloud (using 5 cloud credits) or solve the simulation
locally. Then click Solve 1 Study

Solve X
SOLVE + FAQ @® On Cloud O Locally
STUDIES OF THE ACTIVE DOCUMENT View Options ~
Study Status Cloud Credits
Simulation Model 1 - Study 1 - Static Stress Solved
Static Stress T
Simulation Model 1 - Study 2 - Static Stress 5
Static Stress ® Ready

Solving simulation studies uses cloud credits Leamn Mare

The document is modified. A new version wil be created before the solve,

Solve 1 Study | Close

10. Review the results. Observe that the displacement is quite high.

F Autodesk Fusion 360 (Education License)

- -] X
F I R B T 1C_Spice ShelfBracket_No Cross Brace v2° ~+ @I OB 0N
ResiuTs
. pa M rMm == -1 L ’1 ® 43 i
— BEE T C~El b P NG )
RESULT TOOLS ~ COMPARE [DEFORMATION * DISPLAY * MANAGE * INSPECT SELECT~ FINSH RESULTS ~
pp— ¥

A4S smatoes
O voes custom
4 © PEZTITTIE ©
D B NamedViews
D #m omn
D @ vodel Components
4
D©@ sueyuserss
> MERETETNG
P
B Mesh
B Resas

D ofl Sty 2- Statestress

1502 Max

B osscoser-

Doplacemant. + -

o+

. 096

@ 4 _
03
omn

P-Eme Q- B E
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11. Repeat steps 1 to 10 using the supplied file 1D_Spice Shelf Bracket_Wtih Cross brace
and compare the results. Note the reduction in displacement.
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Modal Frequencies

A modal frequency study can be used to determine a part’s natural frequency. This is important
as you do not want a design to naturally vibrate when in use and to shake itself apart. Structures
exhibit multiple natural frequencies, and this study type can be used to determine the fundamental
mode (lowest frequency) and its harmonic modes. Engineers need to design components so that
the natural frequency is not close to the frequency at which the component operates.

Exercise 2A
1. Open the supplied file 2A_Fan_Mount. We are going to perform a modal frequency study
on a mount for a fan, the fan operates at 50 Hz so this is the frequency we want to avoid.
2. Move from the Design Workspace into the Simulation Workspace
“.:.Yv:n):;(;«:o:-lim!
= AR ®
:;-: ..... v wo tiswt vt {03 ,

3. Choose a Modal Frequencies simulation from the study type menu

New Study

4, Select the material, choose ABS Plastic
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@ STUDY MATERIALS

View | All Materials

V| |Search...

Category Name Component Study Materials Safety Factor

Material Library | All Libraries

< < Properties

OK Cancel

5. Set the contraints. Choose a pin constraint and apply to the two cylindrical pins as shown
below

F Autodesk Fusion 360 (Education License)
R R B
- d A 8 EH = =3l%k 5 G20 L

CONSTRANTS™  LOADS™  CONTACTS ™ DeRLAY MANAGE *
= BROWSER e

W 24 Fan Mountz*

a X
~+ERDGOH

= ¥

RESULTS™ | MSPECT= | SELECT™

4 S smasioes
B unts Cusiom
PR Fo_simuiaton Maei+ [0}

D M tomeaviews

b | ongn

3 i consructen

D W votel Componente

A @ ol Sy - sl Frequences
D @ Sy usieras

| @ STAUCTURAL CONSTRANTS

Type B Fusa

~

D B tomcaser

Cancal

o) ©-moca- g @

2 Faces | Min Distance : 48,587 mm

6. Apply the Loads. Apply a load across the two mounting holes for the fan. This will be a
load of 1 N and an angle pointing directly downwards.
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F Autodesk Fusion 360 (Education License) = a X
3 R - BN 24 Fan otz +rm0 e 00
e | 2 e 4 Crm B s2Ee 1 =
o o @ B = B EEMARE B GLE L | =&
STUDY * SMPLFY ~ MATERIALS ~ CONSTRANTS ~ LOADS ~ CONTACTS ~ DSPLAY ~ MANAGE = SOLVE~ RESULTS ~ INSPECT ~ SELECT~

Model Components

i s B v

D © @ stoyMsterais ZAnge 0.0deg
> MCETTETEG fotecor B
et e B
) oK Cancel
COMMENTS o e-Emecq- B @ 2Faces | Min Distance : 32.00 mm
7. In the pre-check we can see there is the following error.
F Ready to Solve with Warnings >
J—

&E The missing input may impact your results.

A Loads are not considered for the analysis. To include them,
check Compute Preloaded Modes in the Settings dialog,

Click here to select 'Settings’, to change the option
Compute Preloaded Modes,

8. Go to Settings and click ‘Apply pre-loads’
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@ 2A_Fan Mountv2*

SEFOe L = [N

SOLVE ¥ RESULTS ¥ INSPECT ¥ SELECT™

.
View and modify all settings for the current
simulation study.

Load Case Attributes
B Local Mesh Control
El Adaptive Mesh Refinement

&N
F Settings X
Study Type | Modal Frequencies v|
General General ]
Mesh )
Adaptive Mesh Refinement Name |Study 2 - Modal Frequencies

Number of Modes ]
8

Frﬂueng Range |Hz|

Compute Preloaded Modes ]

| If checked, structural loads will be included and the frec

| OK Cancel

9. Recheck the pre-check

 Ready to Solve X
“ —
:; 5 The study setup has all the information required.

[ o ]

10. Select solve and Solve on the cloud (requires 5 cloud credits) or solve locally
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Solve X

SOLVE » FAQ @® On Cloud O Locally

STUDIES OF THE ACTIVE DOCUMENT View Options v
K study Status Cloud Credits

Simulation Model 1 - Study 1 - Modal Frequencies
Modal Frequencies

[ simulation Model 1 - Study 2 - Modal Frequencies
Modal Frequencies ® Ready

Solving simulation studies uses cloud credits Leam More

The document is modified. A new version will be created before the salve.

Solve 1 Study Close

11. Review the results. Look at the different modes using the drop-down list. You can animate
your result, edit the deformation scale and share your results by creating a report.

Bl 8 6o @ 2 Fanoutz- ~+EN®0H
pesuirs
. m ™ — [ =
e | 65, 0 68 [T | 5 E N ©
RESATTOOS® | COMMGES | DEFORMATON® | OSMAY® | WAMGET  MSwCT | SELECTS | PeeMRESATSe
- o .

> 4

D © D Sudybsterni
D IR G

A J Stoy2-ModsFrequences.
D @ sway v
D B wascue
@ Comacn
B Mesn
B e

Totai Modsl Duplscemet +

coumenTs ° ©-eox QA P
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Thermal

Thermal analysis can be used to modelling thermal problems such as cooling fins for heat
distribution or to look a\at multiple possible materials for an insulation. In the tutorial we will look
at a pipe and different insulation materials and thicknesses.

Exercise 3A
1. Open the supplied file 3A_MultiLayer_Pipe_1
2. Move from the Design Workspace into the Simulation Workspace

Fusion 60 (fducation License)
O R

SueT el

=TV RUC®

couav s ETTIIIN ©
o

AMNATION

3. Choose a Thermal simulation from the study type menu
New Study X

N
3
Y | Simpify geometry for use in Smulation

Ao By d

Static Stress Modal Frequences  Blectronics.
(Preview)

3 q1 = 3 | —
nﬁ H /\/‘ = Simplify
model for simulation,
Thermal St

Choose "Simpify..." to clean up your CAD
Structural Bucking Nonlinear Statc Event Smulation or select a study type from the left and “Create Study”. Yo
Stress can also choose to simpify your model after you've created a
study.

g

Set up the materials. We will need to set three different materials
Inner Piper set as Copper

Middle Pipe set as Polyurethane Foam

Outer Pipe set as ABS Plastic.

cop s
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@ STUDY MATERIALS

View | All Materials ~ | |Search "

Category Name Component Study Materials Safety Factor

Metal Steel Inner Pipe:1 Copper Yield Strength

Plastic Steel Middle Pipe:1 Polyurethane Foam Yield Strength

Plastic Steel Outer Pipe:l {ABS Plastic * Yield Strength

Material Library | All Libraries w

< < Properties

OK Cancel

This will also update the appearance of the three pipe sections in the display window

F Autodesk Fusion 360 (Education License) A g X
I R BN 34 wunLayer_Pipe_1va" ~+=m0DE 0N

e @ @ 2 SRR B B2E0 L = R
e i

ADS® | CONTACTS ™ MANAGE * SOWVE ™ RESUTS | WSPECT»  SELECT™

O vots custom T
PR o simuation Moset+ [0}

D B Namesviews

D omn =

D &) Losscaser
@ Coacs

\\\
B Mesn \‘\
B e <
4

D © @ suyMateran
> MENETETNG

e Conacts

D @ voselCompssents V.

D A o Sutyt-Tema (

D © o Stuty2-Therms 4

4@ J suey3-mems "
D @ SuoyMeterais J

B mesn
B Resuss

59 B @

5. Hide the Middle and Outer pipe in the browser tree by clicking the eye next to them. Apply
a Load to the inner pipe.

a. Select all three sections of the Inner Pipe.
b.  Choose type to Radiation
c.  Setthe value to 100°C
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- =3 x
] I I Qv T 34 MumLayer_Pipe_1v4" ~+@mIROE 0N
. N C = o !
- o @ @ BEHHkk %#&EO L = [
SToY SMPLFY ~ MATERIALS LOADS * CONTACTS ~ MANAGE = SOLVE RESULTS * CT™ SELECT~
« oRowsER °

T
e [Selact locatin(s) for 1 orly Fces). \.\’ f

D omn @ THERMAL LOAD: -
A . H9niSeTeeremy ¥ Geometries
D © [, mossers PR %
D (O v roe Seectaitaces 88
D (D Ouerppe 88
D A swoyt-mems Selectons Selecsor
D © ol Sudy2 Thems .
D @ ol Sty Therms
4 Troe £ Rodaton
D © @ suoyuseran Emmsatyiabaor 190

> MENETETEG

v Ambient Temperature
@ contacs
B mesn Tompesature Vok 10000 C
B Rem Change U n-
o oK Cancel
comenrs o) eEmo Q- @ E Multpie seiections

6. Show the Middle and Outer Pipe and set a thermal load to the outer surface of the pipe.
This is going to represent room temperature. Choose the type of Radiation and apply the thermal
load of 24°C. The click ok.

F Autodesk Fusion 360 (Education License) - o x

I R BN 34 sy _Pie_1ve" ~+@m NS0

@ @ BEIlALE B G2E0 L = O

STUDY® | SMPLFY®  WATERALS™  LOADS® | COMTACTS™ MANAGE =

8
E
8
]
i
9
Ed
s

« BROWSER o)
4 S smates |
O vors custom I
PR fa_simulation Madet 1 {OF N~
D M temedviews
D & omn
A . Hoomisarearemy.
D @ () wnerdpes
D © (J wmdderpet
D @ (), oneress.
D & J swoyt-Teme

S

D@ J sus2mems -

D @ Jl Sty Therms )

4 = £ Rasato
D © @ suyuseen Etyataon (190

> MENETETEG

i v Ambient Temperature
B e Tompeatoe Vil 2000C
B resns Change Unts o
o ok | [Cancei
couenrs o) emox Q- @@ Multpie selections

7. In this simulation we have multiple components (or bodies) so we need to apply contacts
between the surfaces so the model knows how to behave.
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#H E- 8 &9~ @ 3A_MultiLayer_Pipe_1 v4*
SETUP
v ¥ is = f = & [ B
mav: O @ @ 2 EBMAR %LE0 L o= [N
STUDY ¥ SIMPLFY ¥ MATERIALS ¥ LOADS ¥ DISPLAY ¥ MANAGE ~ SOLVE~ RESULTS ¥ INSPECT ¥ SELECT™
<« BROWSER el 25 Automatic Contacts  §
= Manual Contacts m | Icula! the n be n
4 B smustons ?-”ci g e e e
O unes: Custom ElManage Contacts | [RANNTI
4 © @ To ensure all contacts are included in the simulation,
run Automa ‘ontacts before assigning manual
D W Named Views (on:a(!ts. Nolt:,(vn::can then later (.ganqqe l‘he
contact types from the automatically generated one
D Ml Origin to the desired type. Also, you can suppress contacts
4 B to be excluded from the simulation.
D © () innerppet
D © (J) Midde Pipe:t
D @ () outerppet
D A ol Study1-Thermal
D @ J Study2-Thermal
D @ A Study3-Thermal
4 .
D © @ StudyMaterials W\“\‘
Dl 75 _Load Caset [O]
3  Contacts
By Mesh
B Resuts
8. Select a Contact Detection Tolerance of 0.1 mm and click Generate
| & AUTOMATIC CONTACTS (13
¥ Contact Detection Tolerance
Solids 0.10 mm =
Generate Cancel
9. We can review and manage these under Manage Contacts
F Autodesk Fusion 360 (Education License)
= K 8 &~~~ @ 3A_MultiLayer_Pipe_1v4*
SETUP
SIMULATION ~ ¥ 33 % g . V=N f—l
D [?. @ = Ha f &B ES! = Ve mo qr] Ly
STUDY ¥ SIMPLIFY ¥ MATERIALS ¥ LOADS ¥ DISPLAY ¥ MANAGE ¥ SOLVE ¥ RESULTS ¥ INSPECT
<+« BROWSER el £ Automatic Contacts

o Manual Contacts

A B Simulations TR
[l Manage Contacts

[  units: Custom

View the list of all contacts.
WA fs  Simulation Model 1 [O]

- The list allows you to sort, edit, rename, suppress,
D @@ Named Views and isolate contacts.

D il Origin

A # Model Components
D e D Inner Pipe:1
D ® () widdie Pipe:t
D @ (O outerpipet

D A A study1-Thermal

D o J Study 2 - Thermal

DO

A

Study 3 - Thermal
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| @ CONTACTS MANAGER [
() List by Bodies (@) List by Contact Set S Create Contact Set
S
Contact Set Contact Type Penetration Type Bodies Entities

~ Bondedl ¢ Bonded ~ Symmetric -
‘Middle Pipe:1/Body1  Face 38
Outer Pipe:1/Bodyl Face 35
~ Bonded? & Bonded ~ Symmetric -
‘Middle Pipe:1/Bodyl  Face 37
Outer Pipe:1/Bodyl Face 34
~ Bonded? ¢ Bonded * Symmetric -
‘Middle Pipe:/Bodyl  Face 36
Outer Pipe:1/Bodyl Face33

> Bondedd & Bonded + Symmetric -
> Bonded5 ¢ Bonded ~ Symmetric -
> Bondedé ¢ Bonded ~ Symmetric -

OK Cancel

10. Review the Mesh Settings by right clicking on the mesh in the browser tree and Generate
the Mesh — we can see that the mesh is quite large and may not be suitable for the simulation.
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F Autodesk Fusion 360 (Education License
W 34_MultiLayer_Pipe_1v4*
# N 8§ &7 o
SETUP : y= o - »
o S 5| 2E0 L R
SIMULATION + ¥ 3 DISPLAY ¥ MANAGE > SOLVE™ RESULTSY  WNSPECT™  SELECT®

() =

STUDY * SMPLFY * MATERIALS * LoADS *
+ BROWSER el

4 & Simulations

Q Units: Custom

®
D Wl Named Views
> W origin
A Wl Wodel Components
D @ (O inerriet
D ®© () wistepipet
D @ (J Outerpipe:t

D A | Study1-Thermal
)3 ° J Study 2 - Thermal
o
4
D © @& StudyMaterials
b EENTTETEG

B Contacis

Bs Toggle Mesh Visibity
B Generats Mesh
Hig Mesh Settings

@ Auto Setup - RoboDK

a9 Q- @@

11. Modify the mesh by clicking on Settings in the Tab at the top and selecting the following:

a. In Mesh - Change the Model-based Size to 3%
F Settings X
Study Type | Thermal v
General [ Mesh ]
Mesh
Adaptive Mesh Refinement A Average Element Size
O
1% 10%
Scale mesh size per part |:|
Absolute Size ()
[> Advanced Settings
[ ok ]| cance |
b. In Adaptive Mesh Refinement — Change Refinement Control from None to High and

change the Results for Baseline Accuracy from Heat Flux to Temperature
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F Settings X
Study Type |Thermal V|
General [ Adaptive Mesh Refinement ]
Mesh
Adaptive Mesh Refinement Refinement Control
—
None Low Medium High Custom
Maximum Mumber of Mesh Refinements |E |
Results Convergence Tolerance (%) |E |
Fortion of Elements to Refine (%) |40 |
Results for Baseline Accuracy |Temperature V|
[ ok ]| cancel
C. Click ok and regenerate the Mesh for review
F Autodesk Fusion 360 (Education License) - o x
E I T BN W 24 MumLayer_Pie_1wt* -+ mDB 0N
e of @ @ (2 EWBRE B
SUOY® | SMPLFY+  MATERALS® | LOADS® | COMTACTS® [yt
L

O vots custom
4 © TN O
D B tamed Views
D | Ongn
4 W votel Components
D © () wmerrper
D © (J wisgerpet
D ® (J ousrpper
D & o sweyt-mems
D@ ol suoy2-Thems
D © ol sty Therma
4
D © @ suoyustrn
> MENETETNG
s
© B v

B e

coumENTS o

Check the pre-check

MANAGE = RESUTS >

59 B-@

F Ready to Solve

ﬁ_ The study setup has all the information required.

X

[oc |

13.

WSPECT

SELECT ™

Solve the study on the cloud (using 5 cloud credits) or using a local solve
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Solve X
SOLVE + FAQ ® On Cloud O Locally
STUDIES OF THE ACTIVE DOCUMENT View Options v
®] Study Status Cloud Credits
[ simulation Model 1 - Study 1 - Thermal
Thermal ® Ready
Simulation Model 1 - Study 2 - Thermal .
Solved
Thermal
Simulation Model 1 - Study 3 - Thermal -
Solved
Thermal
¥l simulation Model 1 - Study 4 - Thermal ® Ready 5

Thermal

Solving simulation studies uses cloud credits Learn More

The document is modified. A new version will be created before the solve.

Solve 1 Study ‘ Close

14. Review the results. In an thermal simulation we can review the Temperature Heat Flux

and Thermal Gradient.
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B8 &0 20 e _Pipe_tva -4+ E0DE 0N
pesuurs
- BE D kD H0 B ©
MSUTTONST | COMPET  DERAYY  MAMGET | MSRCTs  SELECTS  FMSRESUTSY
w srowszn .
4 8 s
B unes custom N T ok
PR, simiston wosei 1 [} L
D M Nemed View:
4 L

[ B ogelComponsats
D A ol Sty t-Tems
a
D © @ Sutyumesns
b EENTETEG
pr—
B e
B e
40 dl suoys-mema
D@ Sueyusrnn
D & Londcamet
= comcs
B vesn
B e
4’ Sty
D@ susyssan
D Lenscanes
P

B esn
B s

ol S Eo A §E
15. Use the inspection tools such as surface probes, point probes and slice planes in the
Inspection tab to further analyse the results

F Autodesk Fusion 360 (Education License)

o av e

RESULTS
— =
SIMULATION i Hlil
: s oS o BN o
RESULT TOOLS ~ COMPARE DISPLAY ~ MANAGE ~ SELECT - FINISH RESULT!

e Show MinfMax
|D Create Surface Probes
[;D Create Point Probe

44 BROWSER

A B simulations

],:_5. Units: Custom
Show All Probes

RN Fy  Simulation Model 1 O] @ff Create Slice Plane
[> B8 NamedViews © solver Data
3 B Origin

[> W Wodel Components
B A Bl study 1 -Thermal

16. Investigate the pipe by selecting different materials for the Middle Pipe and see how the
surface temperature changes. You can also change the thickness of the insulation. Compare your
results. The supplied file 3B_MultiLayer_Pipe_2 has a thicker insulation layer.
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Thermal Stress

Thermal Stress analysis combines both the Static Stress Simulation as well as the Thermal
Simulation Types. This exercise will consider the thermal stress on a high temperature steam pipe
hanger.

Exercise 4A
Open the supplied file 4A_ThermalStress_PipeHanger

- o x
LY P ~+4m@mneo0n

OUECT LRSS TN N |

et

. e q- @@
Wer o a] o

2. Move from the Design Workspace into the Simulation Workspace
B
=\ RO ®
--------- T ©
3. Choose a Thermal Stress simulation from the study type menu
New Study X
\W\‘] Sempify geomatry for use in Seation
A O g
* H I ___'\ %
S| {1 e -4 }

rrrrrrr
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4. Select Simplify from the top bar to enter the Simplify Workspace. Remove the Nuts from
the Model Component list to remove them from the simulation. This removes them from the

simulation only, they will still exist in the Design Workspace. When you have deleted them click
FINISH SIMPLIFY.

N R B W 44_Themaistress_PipeHanger2* ~+ @I ROEe 0N
SMPLEYSOLD  SWAFVSURRAGE  TOOLS
= =1 = X T =
o FOHBS% # =HN ©
CREATE > MODFY * CCONSTRUCT * NSPECT~ SELECT~ FNSH SMPLFY ~
« oRowsER °
4 smasovosen
PR 7. sinuiation Modatt O]
B vesen
D B Namsdviews
[
A 3B, 1599\5o0550e0m3.
4 © [, BI%RaN1,
3
D © D st
ped
D © (0 szt

> o CEEPEO

COMMENTS

ey @@

er >

o
5. Set the materials for the study using the MATERIALS, change all the components to Steel
Alloy.

@ STUDY MATERIALS

View |All Materials v| [search...

Category Name Component Study Materials Safety Factor

Metal Steel /_B3102-12_body:1 Steel, Alloy Yield Strength

Metal Steel /21 Steel, Alloy Yield Strength

Metal Steel /_B3102-12_top:1 Steel, Alloy Yield Strength

Material Library | All Libraries ~ << Properties
OK Cancel

6. Change the Mesh settings using the Settings button in the top bar. Change the Model-

based Size to 3%. Tick Scale mesh size per part to ON, and generate the mesh to review.
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F Settings X
Study Type |Thermal Strezs w |
General [ Mesh ]
Mesh

Adaptive Mesh Refinement 4 Average Element Size

B L

1% 10%
Scale mesh size per part

Absolute Size ()

[> Advanced Settings

[ ok ]| cancer |

7. Apply the Loads, start with the Structural Load. Apply a Load of 500 N to the curved inside
face as shown below. This represents the weight of the pipe inside the hanger.

F Autodesk Fusion 360 (Education License)

- o x
E R B W 1A Themaistress_PipeHanger a* <+ RN e0H
e
smoation s N 2 = 3 33| % O 3 c Y= o & o B B,
el I | (-?. @ P Sl = - | m‘fﬁ kB G&E &2 b S
SWOYe | SMPLFY®  WATERALS® | CONSTRANTS®  LOADS® | CONTACTS® osPLaY uANAGE * sowe~ RESUTS® | WSCTe | SeLEcTe
« srowsen ° Y 1
A4S smawes B
\ )
D vo con N
PR fo _siivon woseis Jol z X
D W temedViews
b R { @ EOT STRUCTURAL LOAD "
Twoe & Force
L -

et O
ovectonype (1. PN 2.
netwcsncs | Iy Seker

ZAnge 00deg

fotrecion 3§

B Fosmn
4 o) Suoy2-Themaswess

Vagnsuge 500.00N

owgeven [y
@ sty otras

. L:“,:m‘ o oK Cancel
i
@ o LR - S -1 B 1 Face | Radius: 160475 men
8. Apply a Thermal Load to the same inside face. Change the type to Applied Temperature

and set a Magnitude of 500°C.
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=3
BB @ e [P e ——  +mne 00

s o @ @ = L2EFHRE E G280 L = O
DISPLAY *

STUDY® | SMPLFY®  WATERMLS®  CONSTRAMTS®  LOADS™ CONTACTS * MANAGE SOWVE~ RESUTS® | WSPECT=  SELECT™

D © @ suyuseas

4 EERETETEG

4L
] ey

W ® 4 foret
AR orics rese | e
¥] ® & coovectont ype it Appied Tempera v
D © zx Constus
s pr— I
B e
B e o oK Cancl
4 o] suty2-Tamusrees
@ sty Materais
D B tosdCaset
o oot
B vesh
B e

coumenTs o) PrEme Q- B 1 Face | Radius : 160,875 mam

9. Add an additional Thermal Load. Select Load > Thermal Load. Change the Type to
Convection. Toggle on Select all Faces and choose all the faces of all the parts (except the face
we have already applied a load to). Set the convection value to 30 W / (m? K) and the Ambient
Temperature to 20°C.

F Autodesk Furion 360 (Education License) - o x

3 R BN T 45 Themaisiress_PipeHanger 3 +E0Ee0H

e

CONSTRAMTS™  LOADS

1 @ = 2B HRE B 2320 L = [
= ; -

CoNTACTS * MANAGE » RESUTS®  WSPECTT | SELECT®
° v
o >
\ <
2N select ocatniz
@ THERMAL LOAS »
 Geometries
e Y
Seectattaces 38
Slectons Seectins
v Loss
o 452 Convecto
Convecton Vel 30.00 W/ (2
Crasgeunas [}
B resm
4 Q) sty 2 Themsi Swess Chasgeunts [
@ sty uteras
> S dds | loowrm2K) + | 200C v ° oK Cancal
B Resuns
CoMMENTS o) eEmo Q- @ Multpie seiections

10. Check the pre-check
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F Ready to Solve X

\"';- ,o The study setup has all the information required.

[oc ]

11. Solve the simulation on the cloud (requires 5 cloud credits) or solve locally.

Solve

X
SOWVE « FAQ @ On Cloud O Locally
STUDIES OF THE ACTIVE DOCUMENT View Options v
B study Status Cloud Credits
Simulation Model 1 - Study 1 - Thermal Stress

Thermal Stress

[ Simulation Model 1 - Study 3 - Thermal Stress
Thermal Siress LG

Solving simulation studies uses cloud credits Leam More

The document is modified. A new version will be crealed before the solve.

Solve 1 Study Close

12. Review the results. With a Thermal Stress Analysis you can review both the results that
are available in a Static Stress simulation as well as those available when performing a Thermal

analysis.

.

R R W 44_ThermatSiress_PoeHangora® ~+82 0000
- BE D o~ B B #0+ B ©

e Q- B8
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Structural Buckling

Buckling is when there is a sudden change in the shape of an object when subjected to
compressive forces. This usually happens when the length is long compared to the cross-
sectional area of the object. You may have experienced this when pushing on the end of a long
tube, it suddenly pushes out to the side.

There are two ways to approach buckling in Fusion 360, the results given are in the form of a
multiplier based on the inputted force. The first approach is to apply a known load, and the result
will be a multiplier of that load at which the object will buckle. Alternatively, we can apply a load
of 1 N and the output will be the load at which the part will buckle.

Exercise 5A
1. Open the supplied file 5A_Bar_Stool. We are going to investigate some different materials
for the long tube to see what might be suitable for the design. Our target load is that the stool
must be able to take a weight of 110 kg.

F Autodesk Fusion 360 (Education Lic

o x
E R B W 54 s swoet ~+ERDGOH

::::: SuRFA EET METAL

- HEeJl® FDuPS+Arsn ¥ = E N

ATE - \SSEMBLE * WSPECT™ | WSENT® | SELECT™

ol -0 a- 556
Heps») JO000CEDECEDECO00CRAR AMODENWDSDDD0O0FD IVT o
2. Move from the Design Workspace into the Simulation Workspace
| e
= THROL®
u-a‘u'm;u».- [or Wo rnt vt [0 ;
3. Choose a Structural Buckling simulation from the study type menu
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New Study X

\ﬂ
N
v

Sevpily gecmatry for use i Sevation

Aow Uy

Seatc Strems Modsl Frequencies Bectronics Cocling Therma
(Prevew)

=1 851 1 ““E ]j

Simplify
Choose “Srpify..." to dean up your CAD model for simubtion,

Thermal Stress Structurd Bucking Noninear Statc oc select 2 study type from the left and "Create Study™. You

Stress. (.adv;sa choose to simplfy your model after you've created a
=)
&

Shage Optmazaton
4, In the Simplify Workspace remove the Components: Seat; Upper Strut; and Lower Strut.

You can do this by right clicking on them in the browser tree and selecting remove. When you
have finished click FINISH SIMPLIFY to return to the Simulation Workspace.

@ oo c+a00009

B B- @ &~
s 0 SMPLFY SURFACE Toous
e FEBESH # =GB O
cREATE® WODFY CONSTRUCT= = WSPECT+ | SELECT=  FMSHSMPLFY ™
- BROWSER °) ;
4 Smustontoden
4 o [N @ ki #
0 uviesem
D B NamedViews
[ | cogn
A 3. Nevyisemeoreny,
(@]

Uap Conlrols
Praperiies
ot

Sava Copy As

COMMENTS

o8- @8

Hepsp 2o

5. Set the Materials for the first study to Steel (Same as Model)
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@ STUDY MATERIALS
View |All Materials v| [search...
Name Component Study Materials Safety Factor
Base:1 (Same as Model) Yield Strength
Metal Steel /Single Strut:1 (Same as Model) Yield Strength
Material Library | All Libraries v << Properties
OK Cancel
6. Apply a Constraint to the bottom face of the base
= o X
 + R0 e0H

F Autodssk Fusion 360 (Education License)

B M@ &0
sew

e G @
SUDYS | SMRLFYS  MATERALS®
<« BROWSER
4 5 Smestoos
O uots custom
4 o [DEITTIIITEE ©
D W e views
D\ omn

D @ ofl Sty2- Srechrsbucting
4@ J suy-sicnmutocsing
D @ suoyversn
D & Losacasst
& Contecs
B e
B e

o

7.

W 54 800l 5"

4 o4 Cm = Y= & = o R -
=" | B.PEQSI =l Ve mo = ™ —
LoADS> | CONTACTS ™+ [ MANAGE ® sowe - RESUTS®  WSRECT=

seLecT~

ey @@

1 Face | Area: 13856405 mm*2

Apply a load to the top of the tube — use a Force load of 1 N. This will give our results so
we can find the load at which the chair will buckle.

Page 35



4\ AUTODESK

UNIVERSITY

F Autodesk Fusion 360 (Education License) - o x
E R B L E——" ~+ERDGOH
senve
smmon - (8 = R = B ZSEFe L =
] ?. = = EJ; .fE kB E Y% wn 2] e — 3
SO SWALFYT | WATERALST | CONSTRANTS® | LOADST | CONTACTS® oeRLAY - wanace s sower mesuwTse | mseecT | seecre
-4 BROWSER L

4 & Smastons
D unts custom
4 © DRI G
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4 EENETETEEG e &
FE R Fgorecson 3§
] 8 ey Uagnaude LoaN
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8. Generate Automatic Contacts

F autodesk Fusion 360 (Education License) - o X
i B @ «vo- T 54_Bar Sl s ~+E NG eH
e
5 + [ = i (= ',r ES E Y=o F o B =
A | 5.} BB = e B o) =| Y% mo [ e = %
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« ERowseR o)

4 B smoons
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4 o EEITEIETIE © ﬁ
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© @ Sty inieran
4 EENCETEG
4oL s
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9. Check the Pre-Check
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F Ready to Solve X

E:_ The study setup has all the information required.

10. Solve the Simulation on the Cloud (requires 15 cloud credits) this study type cannot be
solved locally

Solve X
SOLVE « FAQ ® On Cloud ) Locally
STUDIES OF THE ACTIVE DOCUMENT View Options ~
Study Status Cloud Credits

Simulation Model 1 - Study 1 - Structural Buckling Solved

Structural Buckling SHEE

Simulation Model 1 - Study 2 - Structural Buckling Solved

Structural Buckling Solved

Simulation Model 1 - Study 3 - Structural Buckling Solved

Structural Buckling

Simulation Model 1 - Study 6 - Structural Buckling ® 15
Structural Buckling

Solving simulation studies uses cloud credits Learn More
The document is modified. 4 new version wil be created before the sobve.

Solve 1 Study ‘ Close ‘

11. Review the Results
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N R B T 54_Bar Stoolv5* ~+m0DE0H

Resurs
we: SE@ D &« 2 B0R ©
RESUTTOOLS® | COMARE®  DEFORMATON®  DSPLAY® | MANAGE®  WSPECT= | SELECT®  FMSHRESUCTS®
« oRowsen ° )
4 S smauteos i
— \
PR Mo simulation Mosei1{O}

L, e-me Q- Sl Study 1 - Structural Buckling

12. Clone the Study by right clicking on the study and selecting clone study, do this twice so
you have 3 studies in total. Change the material in the 2 new studies to:

a. Aluminium for the tube

b. ABS Plastic for the tube

Leave the base as Steel as it is not part of the study.

N ( g::; = $ 3 4 [Chm
SMULATION * . z
bl ! = o = |BR
STUDY®  SWPLFY®  MATERALS®  CONSTRANTS® = (OADS®  CONTACTS®
w0 BROWSER o

4© J susy:-Swcsssited
D @ sucymateras
D & tosacaset
= Contacts
B besh
B e

13. Compare the results of the different materials to determine which of the three materials is
most suitable. Remember that the chair needs to take a load of 110 kg. Use the Compare option
in the top bar to view multiple results at the same time.
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Nonlinear Static Stress

Many materials do not behave in a fully elastic way. i.e. when a load is applied, they do not return

to their original shape. Most materials follow a elastic-plastic behaviour and have the following
characteristic stress strain curve.

/N
Yo,ﬂfi
S’f(ﬂf\j)fl" ) T
U tmate
—~ Strengtin Braalkk
b oint
N~ P
a
£ E \ask
Z Lo
Strain (&) ”
Exercise 6A

1. Open the supplied file 6A_Thin_Beam
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F Autodesk Fusion 360 (Education License)
B OB 8 «ve- W 64_Thin Beamva
‘‘‘‘‘ —m oo me
w DE@SJIL® FOUPESAsn @ = B R
e e e
-4 BROWSER L
z
PR @ A thin beam va_[0]
D & Documeet Setngs o
D Bl MNamedViws k
D oren
D © M ooses
D @ M s

QMUENTS o ErE o - @B .-
Werww Dol

2. Move from the Design Workspace into the Simulation Workspace

Fusion 60 (fducation License)

O R

3. Choose a static stress simulation from the study type menu
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New Study X

\ﬂ
N
v

Sevpily gecmatry for use i Sevation

Simplify
Choose “Smpify...” to cean up your CAD model for smubtion,
o« select 2 study type from the left and "Create Study”. You
can akso choose to smplfy your model after you've created 3
study.

Cancel

4, Set up the materials. Choose from the Fusion 360 in built library of Nonlinear Materials.
This leaves far fewer materials to choose from. Set the material to Aluminium — Pure (low
Strength).

F T B W 4 ThinBeama ~+E 08089

e
oy — 4 s= o P
smucamon + i [ o ‘4 4+ [ B ¥= & o " —
g B B = &£ FETR n = B & E L = L
o | cmre | - | o | e | e | ot | s o e | ez | emocee

8

& STUDY MATERALS

View | Al Materias o] [search.

Category Hame Companent Study Mtesials Safety Factor
Wetal Steel " Adumirasen -

gt Vield Strength

Material Ubrary [Fuson 360 Norknear Materal Lbrary
Al Lbrares

comuEnTs o) ey a- @ W

5. Select Properties and then click view advanced material properties.
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@ STUDY MATERIALS

View |All Materials v [search... | Material Aluminum - Pure (Low-Strength)
Category Name Component Study Materiz
Metal Steel Simulation Model 1:1 Aluminum - Pure (Low-Strength)
‘Your material data is using advanced properties, dick below to
view it.
View advanced ial properties
< >
Material Library |Fusion 360 Nonkinear Material Library | Properties >>|
OK Cancel

6.

This takes you to the Materials Properties Browser. Click on the double arrow to expand
the window then click on the pencil next the Aluminium to edit the material properties.

F Material Browser x
Physical
| search q\‘ Mdentity | Appesrance  Physical
Document Materials > 0i=- Name Aluminum - Pute (Low-Strength)
Name & Category Descriptive Information
B Aluminum . Strength)  Metal Description
B steel Metal Type  Metal
Comments  Stress-Strain curve following ASME B&PV Code 2015, S.
Keywords
S v) Fusion 360 Nonlinear Materisl Library 7> B s Fodecisformation
P. Gas - Mame - Categnry ~ Manufacturer
:: f:;s . [ Aluminum - High-Strength Alloy Metal (2]
T Metal B Aluminum - Moderate-Strength Alloy Metal Cost
" Mi“‘ B Aluminum - Pure (Low-Strength) Metal URL
:::::: [ Copper - High-Strength Alloy Metal
T Wood B cCopper - Pure (Low-Strength) Metal
%“m B Steel - Carbon Steel for Pressure Vessels | Metal
[0 Fusion 360 Appearance Library (3 Steel - High-Strength Structural Metal
¥ | Bl Giaal . Liinh.Stranath |ausAll Mistal )
@ B8 « Add to Favorites & Edit

7.

Click on the tab called Physical and the Advanced Properties. Here the Material Model,

Behaviour and Type can be changed. Change the type to Elasto-plastic(Bi-Linear) this matched
the curve shown above. Click Ok, then close the panel.
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F Material Browser x
Physical
\E"‘-‘" q\‘ Identity Appearance = x | Physical &= x
Document Materials > 0 =- Basic Properties I Advanced Properties }
Name a Category
Material Model  Isotropic L&"”
B Auminum .Strength)  Metal
B steel Metal Behavior Nonlinear
Type | Elasto-plastic(Bi-linear) -
¥ Plastic Parameters
H v) Fusion 360 Nonlinear Material Library v> 8 = -‘ Tangent Modulus  6.855 GPa =
i Gas 2 Mame a Category G Hardening Rule | Isotropic -
T Gl
L Li.::d [ Aluminum - High-Strength Alloy Metal ¥ Yield Function
T Metal B Aluminum - Moderate-Strength Alloy Metal Yield Citerion |von Mises -
" Misc Aluminum - Pure (Low-Strength) Metal . -
T Plastic L] gt Initial Yield Stress  14.809 MPa 2
i Stone [4] Copper - High-Strength Alloy Metal
T Wood B cCopper - Pure (Low-Strength) Metal
W B Steel - Carbon Steel for Pressure Vessels  Metal
[ Fusion 360 Appearance Library (@ I8l Steel - High-Strength Structural Metal
V| BBl Chasl . Liinh-Stranath | oumAll MAatal hd
m-@- B « oK cancel | [ Apply |
sion hue: nsa) - o X
@ B RN )
sene
. * . =1 E y=o ,
e o @S = 2 SRAMBE F 5200 L o= O
SOV SMPLFY- | MATEWALS® | CONSTRANTS® | LOADS= | CONTACTS DepLAY = WAnAGE » sonve= RESUTET | MSPECT= | SELECT-
‘e BROWSER LR rd
4 B smenons ‘I
O unes cusm A
4 o [N © N
D W Mamed Views :
[ | cogn | @ STRUCTURAL CONSTRANTS -
T
LN - - B
4 EENTETEG ~ HER
[ L Lo (] oK Cancel
403 consn
Flef mn
@ contacts
B mesn
B s
You can select more faces.
COMMENTS. T ﬂ ¥
ol T-EY T A B

9. Apply a Load to the top face. Apply a Force load of 350 N at an angle of 20° then click ok.
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F Autodesk Fusion 360 (Education License) - o x
G B @ 7o W o geam iz + 506 0H
senve
o * =n 44 o Crm = v=o F B "
o o @ H = L2 SRR B 52E0 L = O
sowe~ mesuwTse | mseecT | seecre

SIUDY®  SMPLFY™ | MATERALST | CONSTRANTS®  LOADS®  CONTACTS ™ DeRLAY MANAGE ¥

- BROWSER e /@ D =
- =
A4S smioes
|
E=]

D unts custom

PR Fo_simuiaton Maei+ [0}
D B Named Views
] M onon { @ EDT STRUCTURAL LOAD .
Type = Forca

T 3
Twecton Trpe (AL u A

Reforsnce | fy Sekeet

[y e—
P
ceaeves 9 0

° ok | [ cancal

comenrs o) S-@ e a- B @ 4 Face | Area: 100,00 mm<2

10. Change the Mesh Settings in Settings > Mesh to 3%

F Settings X

Study Type | Nonlinear Static Stress “ |
General [ Mesh ]
Mesh

A Average Element Size

Nodehbased Size (0 o

1% 10%

Scale mesh size per part |:|
Absolute Size ()

[» Advanced Settings

[ ok ]| cancel |

11. Finally, we set up the number of steps in the Simulation. This is how many discrete points
in time the simulation will perform over. Set this to 10 Steps in Settings.
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F Settings X
Study Type |Nunlirraar Static Stress V|
General [ General ]
Mesh
Name F.tudy 1 - Nenlinear Static Stres.5|
Number of Steps |1I] |
ok || cancel
12. Solve the simulation on the cloud (this requires 15 cloud credits).
Solve X
SOLVE « FAQ ® On Cloud ) Locally
STUDIES OF THE ACTIVE DOCUMENT View Options ~
Study Status Cloud Credits
Simulation Model 1 - Study 1 - Nonlinear Static Stress Solved
Monlinear Static Stress SeEs
w| o . ) ) . .
Simulation Model 1 - Study 2 - Nonlinear Static Stress ® Ready 15

Maonlinear Static Stress

Solving simulation studies uses cloud credits Learn More

The document is modified. 4 new version wil be created before the sobve.

Solve 1 Study ‘ Close ‘

13. Once the Simulation has solved the results can be reviewed. The results can be reviewd
at each of the steps in the simulation.
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F Autodesk Fusion 360 (Education Licensa)

B B 8 "0
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N ey _— e =i -
swon- o5 B @4 [T] 5 > b B
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A 2D chart can also be reviewed over the steps.

F Autodesk Fusion 360 (Education License)
B OB B G

RESULTS

W 64_TinBeam®

Mo+ R ©

o e o~ 0
SIMULATION =
e O s > | B
RESUTTOOLST  COMBMRET DEFORMATONT | DSFLAYT | MANAGE® nesecr -
« erowseR ¥
4 & Smastons
O unts custom
PNt sisiason bt o)
D B Named Views
b | ongn
D @ Model Compsnents
4
D @ @® TAENT RESUTS ROT
A I s [ Gt ezl
4 e
I Results s Result scape.
I: ‘Stress (Von Mises), Max. v MPa v Clobal
40
[
e
= o i
=
LI e
B o || £ w0 -
)
0 ~
g 150 _//
i= ]
£ )//
(5
2 N s s m
Step.
Curent Vakwe
(.20 ] [ass.12e
Q[ al & ®
Close
COMMENTS. L

SELECT™  FNSH RESULTS ™

©-meca- g E

591 M
Y e
vonuses. +
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& 4
Step 8200 Y — [ 1”0
®
19Mn
- o x
~+ERDGOH
501 Max
B b
Vonmes
weur 10
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Event Simulation

Event Simulation in Fusion 360 can be used to explore dynamic problems. Event simulation is a
fully dynamic tool — it can take into account, the mass; the acceleration; the velocity; the inertia;
throughout the simulation. This is really important for simulating impact events, for example a bird
strike, or a crash test. We will briefly look at 4 different examples to give an idea of the study type

is capable of.
Exercise 7A

W 74_snagFn

im

®l OSSP B W =

A

ol SEca BEE

2. Move from the Design Workspace into the Simulation Workspace

Fusion J60 iucation License)
v @ N A
sussace ST v

=\ RO ®

coenmve sy ITCIIOTEN ©
oy

AnATION

3. Choose Event Simulation from the study type menu

& 2026

o °
o =
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New Study

\ﬂ
N
v

Sevpily gecmatry for use i Sevation

4.

| Simplify
Choose “Smpify...” to cean up your CAD model for smubtion,
o« select 2 study type from the left and "Create Study”. You

can also choose to smplfy your model after you've créated 3
study.

Cancel

Usually we work from left to right along the top bar, but this time we will start by setting up

the simulation settings. Click Manage > Settings to open up the settings menu. Chage the

following:

a. Movement to Dynamic (considers inertia)
b. Total Event Duration to 0.006 s
C. Number of Result Intervals to 12

F Settings

Study Type | Event Simulation

General [ General ]
Mesh

Damping
Result Output

Name |Stud).r 1 - Event Simulation |

Movement |Dynamic (considers inertia) w |

Total Event Duration |D.EI-D'B kS |

Mumber of Result Intervals |12 |

Solve Status Information Interval (Heartbeat) |5E+ |

ok || cancel

For the Mesh settings:
a. Change the mesh to absolute size of 3 mm and then click ok.
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F Settings

Study Type | Event Simulation

General [
Mesh
Dramping
Result Output

A Average Element Size
Modekbased Size ()

Absolute Size @ |3 mm

[» Advanced Settings

[ ok ]| cance |

5. Define the stationary and moving bodies. Set Body 1 to be rigid and Body 2 will be moving.
We will set Body 1 to be rigid as we are not concerned with its movement or stress in the

simulation. In the browser tree select Rigid Bodies, click the pencil to edit, and select Body 1 as
the target body. Then click ok.

T Actodesk Funcn 30 (tducation Leene) i o x
B R 8 6o @ 7As0mFn

~+ @m0 e0N
B =M =0 E2MARLE B HE0 G
CONBTRANTS + LoADs o ™ DSRAY > KV

SMOVS | SRRV MATERALS®

OATACTS *

o S@mox Q- B

Beayt

6. Set up the materials for the study. Change the materials for both parts to be Nylon 6/6.
Then click ok.
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@ STUDY MATERIALS

View |All Materials v| [search...
Name Component Study Materials Safety Factor
ABS Plastic Simulation Model 1:1/Bo... Nylon 6/6 Yield Strength
Plastic ABS Plastic Simulation Model 1:1/Bo... Nylon 6/6 Yield Strength
Material Library | Fusion 360 Nonlinear Material Library << Properties
OK Cancel
7. Apply the constraints. Start with a constructural constrint. Choose Body 1 and set this to
be fixed.
W8 e = . 4anee®
e @ @ =00 %20 ETHl%BE B 250 L = 0

(D) Suiason oset 1 4Bodyt
D © & Stuymsterais
4 MEETETNG
D © i tosds
4 © =x Conatants
Wea ma
W] © & rescrbedtie

@ Contacs

Dl ™ Tw':‘um
D B e
comens o LRS- O - -
8. Apply a constraint of a prescribed translation. This is to allow the Body 2 to move into

Body 1 in a single direction and axis. Choose Constraints > Prescribed Translation
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I R B A W 7A_SnapFitva*
- WF (3 @ =00 2L=0 TR B £2E0
swove  sweve  woeesse COSEUEREN  lowse comTAcTS osPLAY + WANAGE sowe

D v bere(s)
PR Fa simaiation Mose: 1 [OF

D Nemesviews

D | own

D © i Comsucti

D B vodeComponents

() smusion ogel 1Bsayt
D © B suyuserss

4 MENETETNG

9. Select the face on Body 2, and enter a value of -10 mm in the Uz magnitude box.

F autodesk Fusion 360 (Education License) - o X
6 B 8 «v o~ W 7_snapuit ~+E D009
5 o [ &Ou = : «:ﬂor — ™
s oF (4 & =MO 20 EMRE B 523 L | = | [}
SUDY | SNAFY® | MATERALS® | CONSTRAMTS- Loaos conacrs - besLY = unce = sowe= pesurse | meecte | seecre
pa— . oL
4 EDSMM‘ You can select more.
[rs—
z M L
| @ PRESCREED TRAYSLATON -
s | *

Object Type =]

Conswrait Type  Dmpiscement

OrscsonType L. Components iy, ¥
DO s P | | |
4 EENTETEG Vemeex 900
© b Losds
L4 ol Magnbsde Uy .00 mm

4 © =x Constaints
Wl e 8
W] ® f FrescrbedTee
@ comes
[
P By Locsiwesn covon
DB Ao

1000 mm

* wagnuosUy | 000mm v magnmosuz -000mm v b o oK Cancel

* Mageuos Uk | 0.00 mm

1Face | Area : 43702 mn2

o) ©-meca- g E

10. Click on the Multiplier Curve and enter the following values. This is where we define how
the motion will be over time during the simulation. We will set a movement which will decelerate
into the second part over the course of the simulation. Click ok to save the curve, then ok to save

the constraint.
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|| @ PRESCRIBED TRANSLATION -
Selection x
Object Type
Constraint Type  Displacement -
Direction Type A, Components (x, y,.. ¥
Components . . .
Magnitude Ux 0.00 mm -
Magnitude Uy 0.00 mm -
Magnitude Uz -10.00 mm -
Change Units E mm -
i} | OK ‘ Cancel
F Multiplier Curve X
Time (s) Multiplier
1i0 )
2 0.002 0.6
t 3 0003 0.85
4 0.00388 0.96
5 0.005 1
0.8
6 0.006 1
7
_ 0.6 3
o /
2 S/
£
2 Ve
0.4 b
.'/)’
7/
0.2 J,"
/
/
i
s
0 [ ]
0 0.001 0.002 0.003 0.004 0.005 0.006
Time (s)
[ Log(Time) Selection Curve  Slope
[ Log{Multiplier) |L|naar ramp V| 300

11.

Set up the Loads. Start with Load > Initial Linear Velocity. Use Vector for the Direction
Type and set a value of -3000 mm/s in the Z component.
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F Autodeck Fusion 360 {Education License)

- o x
E R B W 7 sz ~+ERDGOH
smmon - [ @O” @ &f—F E = o F [ = | 1
o a8 =00 20 EHHARk B FL£EO0 L o= L4
STUDYe  SWRLFY- | WATERALS® | CONSTRAMTS® Loags » conmerse DL - Az - sowe- mswrse | mesre | seeore
* BROWSER L A
4 = Smaiues L
[3 uns Metrc (55 | |
z X
M Named Views
—— o NmAL LA veLGCTY -
[Epe—
e - E
oot 1 ]
* Velacky Compansats
D © & StudyMsterais x 0.00 mm.
4 ENTETEG 990 s
g Losds
40 z 3000 00 e / 5
(15 oy
F @ o mosiiessrw. e = B
D © =R Conatants [ oK Ci
[
B Mesn
D By LoosiMesh Contros
D B Resus Velncty X 000MM/E v ¥ 000meis v Z -300000MS/Ev mmis v
o P-Eme e g Bodyz

12. Define the contact between the two bodies. If this was a complex problem you may need
to enable to check for self contact. In this case we know that the parts will not intersect so we can
disable this option which means that the simulation will compute more quickly. Set this in Contacts
> Global Contacts.

a. Ensure that Global Separation Contact is enabled

b Proximity Bonded Contact is disabled

C. Under Advanced Settings, Enable Allow Self Contact
d Click Generate

| @ GLOBAL CONTACTS (1]

Global Separation Contact IEI
Default Friction Coefficient 0.00 i
Proximity Bended Contact I:I

¥ Advanced Settings

Allow Self Contact (]

(i ] Generate Cancel

13. Apply Mesh refinement. This allows us to put a finer mesh in an area of interest, without
wasting computing power on areas that are not of interest. In Manage select Local Mesh Control.
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STUDY® | SMPLFY®  MATERALS®  CONSTRANTS® LoADS
w0 BROWSER °)
45 smaes

D uots: metrc (s9

PR o sinuation Moset+ [OF

D B NemedViews

D omn

D © @ constructon

D @ Model Components

D © @ suoymmscen
ER 5 LosdCaset [O]
40 b s

U3 ooy

V] © =+ mhsiLnesr Ve,
D © xx Consvoms
@ Comas
B vean
D B Loceitiesn Convon
DB Ress

o of @ @ =00 220 EFHARL

¢soTQr B

 + 30800

Select the central area (using a left to right selection) which will detect 18 faces/edges. Then
change the mesh size in this area to 1 mm.

F Autodeck Fusion 360 {Education License)
B B @ 02
SETUP

v o (| @B =HO 2@

STUDY " SMPLFYT | MATERALS ™ CONSTRANTS = Loaps =

-~ BROWSER L
4 & Smastons

O unts wete sy

PR fa_cimuiation Modei + o

D B NamedViews

D o onn

D © @M commomn

[ B Model Comosoente

4 [P Rigdbodes
(D) Sinulaton Wodei Byt
D © & StudyMsterais
4 EENETETEG
4 ® & Lows
[ % ey

[V] © == ialLinesr .
P o Constraints
@ commes
B wesn
D By Locsivesn Comvos
DB Ao

W 7 snzprna

OEE bRk B GL£E0 L

CONTACTS ™

e-aoca- 8@

- o x

~+EDRDG OB

WoLLcd

1 LochL uess oo -

[ .

Body Selecton Iy seiect

Vb P o
—_——

- Ziem

o Cancel

14. Check the pre-check. There may be a warning that a nonlinear material has been selected.

In this case this is fine so click ok.
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F Ready to Solve with Warnings X

o —
5% The missing input may impact your results.

Warning: One or more of the physical materials do not

A centain nenlinear properties, The material may not behave as
expected in the current analysis type. Monlinear properties are
recommended.

@ Click here to select "Study Materials' to set a material,

15. Solve the simulation in the Cloud (requires 15 cloud credits). Again, it shows the warning
about the nonlinear material. Click Solve 1 Study. This may take some time.

Solve *

SOLVE + FAQ @® On Cloud O Locally

STUDIES OF THEACTIVE DOCUMENT View Options v

i study Status Cloud Credits

Simulation Model 1 - Study 1 - Event Simulation
Event Simulation

[ simulation Model 1 - Study 2 - Event Simulation : : 15
Event Simulation ® Warning - Repair

Solving simulation studies uses cloud credits Learn More

The document is modified. A new version will be created before the solve.

Solve 1 Study ‘ Close

16. Review the results.

Page 56



4\ AUTODESK

UNIVERSITY

F Autodesk Fusion 360 (Education License) = =3 x
i R BN 7 snsprnar ~+m DB 0N
Resiurs
. pm M o =] W _\ m 43 i
woo: B [ TS B EH N (]
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D vors metrc (s9 2 i
PR o simution Moset+ [0} o
D M NamedViews
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4 EEEETETEG
40 hi s
1% oy
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@ Contacs
B mean
D By Locaibiesn Coton
B Resss
4 ol Sty 2 Event Seiston
D 7 myasodes Swess s
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Shape Optimization

Shape Optimization is a simulation tool which can be used to remove mass in areas not needed
based on a given load. This is for a single material and does not take manufacturing methods into
account. We will consider a robot gripper arm and use a mass target for the simulation target to

remove material along non-critical load paths. We will then look at using the output to influence
future designs.

Exercise 8A

1. Open the supplied file 8A_Gripper_Arm. It is important that our new design will comply

with the original design specification so we will aim for a safety factor of 2.

A ey 420808
~ eSO ® FouPStLsn W o= @ B

 BROWSER ®)

e-a0 e §FE.

AR |

2. Move from the Design Workspace into the Simulation Workspace

L SR

N GRS
L oot

cemoy

ANATION

3. Choose a Shape Optimization from the study type menu
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New Study X

‘ﬂ
2
\

Sempify geomatry for use in Seuaticn

Aﬂ 1_] I/—\a ""'B “I__'g]l Sl;pliW

Choose “Srpify..." to dean up your CAD model for simubtion,

Tharma Stress Structursl Bucking Noninesr Statc Event Sevaton o¢ select 2 study type from the left and "Create Study”. You
Stress can akso choose to smplfy your model after you've created a3
study.
)
Shace Optmzatce
Help me choose a study type Simplity Mocel Cancel
4, Set up the materials. Leave as Steel (Same as Model)
@ STUDY MATERIALS
View |All Materials v| [search...

Category Name Component Study Materials Safety Factor

Metal Steel Simulation Model 1:1 (Same as Model) Yield Strength

Material Library | All Libraries ~ << Pruperﬁs_

OK Cancel

5. Apply the Constraints, change the Type to Pin and select the cylindrical surfaces as below.
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F Autodesk Furion 360 (Education License) - 8 x
B B @ -0 W 8A_Grigper_Armv1* « + I3 OB O ’
serve
- @8 * E Rk 2B B GLEO L =
SToY SMPLFY ~ MATERIALS CONSTRANTS ~ LOADS CONTACTS * DSPLAY SHAPE OPTMZATION MANAGE = SOLVE RESULTS * INSPECT» SELECT~

« oRowsER °

4D smaes 5

— |
PR Mo simulation Mosei 1 O] \’\

D NamedViews
D own
D @ vodel Components
4
D () Shaoe Optmzston Target
© @ suoyimeran
D O Shaos Optmaston Sesings
b CEEETNG
[Eepr—"
By Mesn
B sesons

coumenTs o) PrEme Q- B 2Faces | Min Distance : 21,086 men

6. Apply a Load to the gripper arm end. Use a Force Load of 500 N to the face as below.

F Autodosk Furion 360 (Fducation Licenss) - o x
B N8 a0 o4 Groper A c+ BN 0H
serun
NG ) : % O I 8 ==L o |
smuATon s : . By - T Y= & = =
e e @ £ = = S| g P;'\ E Vo mo = o] — =
SUOY | SMPLFY+  MATERALS®  CONSTRANTS® | LOADS® | COMACTS® DsRLAY - SHAPE OPTMIZATION® | MANAGE ® souve~ sesutse | wxcTe | selecr
« GRovSER °

42 smetos
B vots custom
4 o ETTITIITIN ©
D M Named Views
D | ongn
D M wodel Components
4
D () Shace Optmezabon Target
D ® @ susysersn
D CF  Shaps Optimaston Sesngs
> EENETETNG
s
B Mesn
B Resens

L, 59 B @ 1Face | Area :90.00 mm+2

7. Next, we want to set the Preserve Regions — these are the areas which will be kept when
the simulation is performed. From the top bar select Shape Optimization > Preserve Region.
Select the First Cylindrical surface and set a radius of 8 mm.
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F Autodesk Fusion 360 (Education License)
B OB B G

W 34_Gnpper_amyv1
SETUP

- o x
~+ 006080

MULATION = * [ — ) of O ) F ¥= C F Il
wr- WFT @B = 2 E2FMRE BRE B ££E260 | =Ly

e | e | ws | e | e | st | e | vt | wase: = znmte | e | st
% BROWSER L

D @ Model Compsnents

PN suoy 1 shape Otimization |
() Shape Optimzaton Target
© @ Sutyustrms

| @ PRESERVE REGION

prep— x

Boundary Shape  Cyinder

l; Shape Diecton Algned
D T Shape Optmaation Sesings
3 o]

* Centroid Offset

@ Contscts

o - o
8 e s
coMmENTS o) Tradca- g @ 1 Face | Radius : 400 mm
Do the same for the second cylinder surface and set a radius of 5.5 mm.
F Autodesk Fusion 360 (Education License) - o X
B B @ &0 T 24 Sroperamye ~+ 200800
@@ = o2 a3 EE BEEO L o= O
4 B smenons
O wnes custom B Top
4 o DETITEIETNG ~
g - :mm\;:ws e 1| @ PRESERVE REGION Ld
D @ Model Components
PR sty i Shape Optimization |

P x

Boundary Shape. | Cyfindar
D () Shape Optmization Target

D © @ Suoyumeran
[ O Shaoe Otmaston Seance
[l = Losacaset [o]

ShapeOrecton  Algned

 Centroi Ormset

Xt 000mm
= contacte v 000 me
B e
zam 000me
B ros
Boundary Size
o 200mm
faous 55
ok | [

CrEaY e 8@

1 Face | Radius : 260 mm

8. Under shape optimisation select a symmetry plane. This is so that when material is
removed it is symmetric across this plane.
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F Autodesk Fusion 360 (Education License) - o x
E R B W sn_crper_amyr ~+ERDGOH
serue
smmon - [ =5 i 58 OF e B 8 [] I Z2FEe I it
el ?. = = ‘:.'_2 ) o S L] s
SO SWALFYT | WATERALST | CONSTRANTS® | LOADST | CONTACTS® ospLAY + SHAPE OPTMZATON® | MANAGE ® sowvee mesurse | wecre | selecre
-~ BROWSER L

4 & Smastons
D unts custom oy 19
4 © DRI G

D B Named Views

D M onon 1| @ SYMUETRY PLANE |
D M votelComponenns saerane ] 2 2
PN suoy 1 shape Otimization | = E—
[ () Shaoe Otmzabon Target
D ® @ Suyuserns
D T Shape Optmaation Sesings
4 (0]
[r—
B wen
B ress
coumenTs o -8 a- B 4 Face | Area: 3387624 mm*2

9. Now set the criteria for the study. Select Shape Optimization > Shape Optimization
Criteria. Set the Target Mass to be 40%. Click OK.
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| & SHAPE OPTIMIZATION CRITERIA 23

Parameter Expression Value Units

¥ Global Objectives &

Torget Mass TROR= 0
Stiffness - |Maximize -
~ Global Constraints %
Preserve Boundary 1 MN/A
Preserve Boundary 2 .N.."A
Symmetry Plane 1 .N.."A

Preserve Entities with Loadz and Constraints @

OK Cancel

10. Set the Mesh Settings under Manage > Settings. Choose a absolute mesh size of 1 mm

then click ok.
F Settings X
Study Type | Shape Optimization |
General [ Mesh ]
Mesh

A Average Element Size
Medekbased Size (O

Absolute Size @ |1 mm

[» Advanced Settings

ok | cancel

11. Check the Pre-Check.
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F Ready to Solve

— C

ﬁ . The study setup has all the information required.

[ oc ]

12. Solve the study on the cloud (requires 5 cloud credits) this type of study cannot be solved
locally. Click Solve 1 Study.

Solve X

SOLVE + FAQ ® On Cloud O Locally

STUDIES OF THE ACTIVE DOCUMENT View Options w
Study Status Cloud Credits

Simulation Model 1 - Study 1 - Shape Optimization
Shape Optimization

® Ready 5

Solving simulation studies uses cloud credits Learn More

The document is modified. A new version will be created before the solve.

Solve 1 Study ‘ Close

13. Once the simulation is complete, we can review the results. The results are shown as
Load Path Criticality. You can drag the arrow to view how the material was removed over the
study, you can also go beyond what the mass request was in the criteria.
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o Grpper_m 2 ~+m DB 0N
Y NG ©
3 W by
WnEe | NECTe SeEcT  FMeHRESUTS®
4
D () Shape Optmczation Target
D ® @ sudyeeren
D [ Staoe Optimaatin Semngs
b MCHIETNG
o
By Mesn
B Resoms
'
Load o Galy®
@ 4 08
06
Targat
04
02
™

coumenTs o) PrEme Q- B

14, We can use this output in our design to influence new designs. In the toolbar under Results

Tools select Premote.
F Autodesk Fusion 360 (Edt

£ K- av o
RESULTS

oo 53 O T A T B N Wl ¢

RESULT TOOLS ¥ COMPARE ¥ DISPLAY ¥ MANAGE v INSPECT ¥ SELECT ™ FINISH R

« BROWSER 34 Animate
%L' Promote

ré] Legend Options Converts the Shape Optimization results to a new
Q Units: C Mesh Body. The Mesh Body can be edited using the

-
i Legend Min/Max modeling tools.

4 o [[IEl .

D O Shape Optimization Target
D © @ SstudyMaterials
D [ Shape Optimization Settings

= F Losa caset [O)

= Contacts
Bs  Mesh
B Results

We are going to add this mesh to our design workspace
| ® PROMOTE "

Add mesh object to: De=sign Workspace v

i ] OK Cancel
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15. Click Finish Results to move back into the Design Workspace. You can see we now have
the original body and the new mesh body.

F Autodesk Fusion 360 Education Licenso) - o x
B OB & «ro- W a4 Grigper_Am 2 X.-Q...
SURFACE  FORM  WESH  SHETMEAL  TOOLS

- HU®GIC $OLSS-sn @ = E B

ASSEWBLE™ | CONSTRUCT®  WSPECT™ = WSERT~  SELECT™
- BROWSER o

PR S i Gopper Az [O) 1
D £ Documsst Semngs k{;‘»ﬂ
D e views |
> | ocgn X
D © M o
B ™

COMMENTS o

C-EevT Q- G @8-

16. Option 1 — Convert Mesh to BRep
Right click on the Mesh and select Mesh to BRep

B Aok Funion 360
B N8 avo-

® s cum s +m0e0f
s0uD SuRFACE FoRu = SHEET VETAL TooLS
= 51 — —u - o e ‘
w DE®RSL FOUPSH B B = [ o
CREATE > WooeY + ASSEMBLE® | CONSTRUCT®  WSPECT® = WSERT™  SELECT®
w0 BROWSER °)

4 o CNIXTTEETE ©

D % Documeetsangs o[ !
D B oo views g
D W ocgn X

4 © J. 5.
® () sooyr

°
P +» Moacony "
B Move 1o Oroup
5 Creste Components from Bodes
5 Creste Seectin Set
W conven
B wesn 10 BR0p
2 Prysicaiuaseri
@ Aspenance
<f Texture ap Contron
Propartes
Pt Shaced

comenTs o
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MeshBody1_Study 1 - Shape Optimization

Choose the operation type as New Body and select OK.
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i ] OK Cancel

This gives you a new TSpline body that can be manipulated as you would a design in the Design
Workspace. This can be re-simulated using a Satic Stress Simulation (see Exercise 1 for how to
do this). Check that no areas exceed the safety factor of 2.

17. Option 2 — Use the Mesh as a guide to edit the original Body and simulate using a Static
Stress Simulation to check the safety factor does not fall below 2.
a. Copy Body 1 and paste so we have a hew body to work with.
b. Create a sketch on the top surface and using the mesh as a guide create areas
which will be removed from the body.
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C. Exfrude cut the sketch through the part and fillet any sharp corners where needed.
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d. Move back into the Simulation workspace and set up a new study as Static Stress
type. Perform a static stress simulation to check that the safety factor does not
drop below 2. If the results indicate it does, then go back and edit the design and
repeat until happy with the design.
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Conclusions

In this class we have covered the entire Simulation workspace in Fusion 360. Including the basics
of setting up a simulation; how to choose the study type; how to review the results; and how these
can be used to influence future design decisions. The following study types in the simulation
workspace were covered:

1. Static Stress — A Spanner and Spice Shelf Bracket
Modal Frequencies — A Fan Bracket
Thermal — A Pipe and its insulation options
Thermal Stress — A Pipe hanger and how it reacts to a hot steam pipe
Structural Buckling — A bar stool style chair
Nonlinear Static Stress — Simple beam example
Event Simulation — Dynamic examples
Shape Optimization — Removing mass on a robot gripper arm
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