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Learning Objectives
At the end of this class, you will be able to:

e Open models in Sim 360
e Simplify models for simulation
e Set up structural thermal and fatigue calculations

e Compare results from multiple designs

About the Speaker

James Herzing has been using the Autodesk Simulation software for 10 years, working in
various positions that deal with customer issues, ensuring their success, and creating highly
viewed marketing material. Currently, he works as part of the Industry Strategy and Marketing
division as a member of the Go-to-Market team, focusing on Simulation TV and customer
nurturing and enablement. He graduated from the Pennsylvania State University in 2004 with
a BS in Mechanical Engineering and a minor in Engineering Mechanics. He has presented
and assisted in over 12 courses at Autodesk University in the past, receiving multiple top rated
speaker scores in these classes.

Email Address: james.herzing@autodesk.com
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Opening Models in Autodesk Sim 360

Launch Autodesk Sim 360

1. Launch Sim 360
e Start > All Programs > Autodesk > Autodesk Sim 360

2. Create a new analysis named “Thermal Stress Analysis”
e Simulation Tab > Type name “Thermal Stress Analysis > Create

New Data

& simulation -B Import

Thermal Stress Analysis

Share with Tips on Sharing

Iy First Graup = o

Add: Description - Tags Cancel

3. Launch a thermal stress analysis
e Click Thermal Stress > Insert model > OK

T

B | Studies: 6

Thermal Stress

(\FIy8 Study 1 - Thermal Stress CAD Model Options

©® Insert model

stress-free reference temperature is defined in the Study Settings. Average Element Size is 10 % of model size,
Default Contact Type is Bonded, Contact Tolerance is 1E-04 m @ Create model

Determine temperatures and stress distributions on the model resulting from both thermal and structural loads. The

v 0K X Cancel
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4. Choose to insert the Engine model
e Filter > Engine > OK

Group Name

Autodesk 360 Experience

Simplify Geometry before Analysis

Simplify Geometry

1. Go to the Simplify workspace
e Setup button > Simplify

EDI

IT DESIGN

RESULTS

&

COMPARE

&
0
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2. Find all features of the model

e Features > Find Features

e Box Select the entire model > OK
Click Return on the ribbon bar

| CREATE MODIFY ASSEMBLE SKETCH CONSTRUCT INSPECT IMAGE SELECT RETURN

d —
8 ® 6 o> ® = 5 ¢
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4« BROWSER el
Select faces or bodies or components to find features
a ) [H Engine " TIROFERTORES £ )
> -
£ Named Views Faces/Bodies/Com...
[ units: mm
it e Select Al @
> 19 £ orgn Fillet @
> @ () Componenti:1 Hole @
| |
N © T Component2:1 Chamfer 1%}
> Component3:1
Q0 pol 1 Extrude @
> | () Component4:1 |
> @ () Components:1 e =
Mirror @
Circular Pattern @
‘ Rectangular Pattern (&)
‘ Cancel

3. Automatically select holes to suppress
e Features > Select Holes > Drag Diameter handle all the way to the left > Enter

FEATURES

&)

E“'E Find Features
[* select Filets

@ Select Chamfers

@ Select Holes

4. Choose to suppress the selected holes
e Suppress/Unsuppress Panel > Suppress
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SUPPRESS/UNSUPPRESS

), &)

Dx Suppress

D‘, Unsuppress

5. Go back to the FEA Setup screen
e Click Edit Setup

SHELLS  SELECTION TOOLS FEATURES  SUPPRESS/UMSUPPRESS  VISIBILITY  INSPECT  SELECT | EDIT SETUP

&~ w668 B = DB v

Setup a Thermal Stress and Fatigue Analysis

Define Materials

1. Choose to override the default material definitions
e Materials > Override Material

MEW  MATERIALS  IDEALIZATIONE

i % “

<4 BROWSER -«i'a_-_'- Override Material

4 B Thermal Stres e@ Material Properties

nf. .
== Units < Cu Manage Physical Materials

4 & Engine Suppress Appearance Overides

2. Select all of the materials and choose to make them cast iron

e Select All
e Override Material > Iron, Cast
e Click OK
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‘ Material Overrides

Yield Strength

Yield Strength

Yield Strength

Yield Strength

Yield Strength

Define Boundary Conditions

1. Select surfaces where boundary conditions will be placed
e Select the surfaces shown below

2. Apply fixed boundary conditions
e Constraints > Fixed > OK
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‘ © STRUCTURAL CONSTRAINTS

Selection

Constra... (& Fixed -

Axis

OK

Apply Loads

1. Apply aninternal heat load to the cylinder head
e Loads > Thermal Loads > Internal Heat
e Select the cylinder head part
e Value =150 W > OK
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| @ THERMAL LOADS

Selection

Load Type & Internal Heat

4

Value 150.00 W v
Override U... Q
Unit Volume D

Temperatul.., E]

OK Cancel

iy 15000 W v &3

2. Hide the cylinder head to more easily select other parts/surfaces
e Double click any surface on cylinder head (below) > Right Click > Hide

Note: You could also expand the model tree to the left and click the light bulb next to
Component3 to hide this part.
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Thermal Stress

2 Units < Custom >
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,,.5 ulation, Model,

. Enaing;:2,
O Componentl:1
O Component2:1

¢

&

SJ

() Component4:1
O Component5:1
§~ Shells (List by Part)

> Material Overrides

@ Idealizations

() &% Constraints
> ) & Loads

= Contacts (List by Type)
> O [ Mesh

B Results
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Apply a convection load of 10 W/m”2 C to the surfaces of the cylinder barrel

Loads > Thermal Loads > Convection
Click the “Select all faces” button
Pick a surface on the cylinder barrel

Convection =10 W / (m~2 C)
Click OK
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@ THERMAL LOADS

Select ...
Selection
Load Ty... &= Convection v
Selectic... Selections v
Ambien.., 20.00 C v
Temper... a
Convec... 10.00 W/ (m~2C) v
Convec.., Q
Temper... D

OK Cancel

2000C + 10.00W/(m2C) =~ %

4. Activate visibility to the parts that were hidden

Click the arrow next to Simulation Model > Engine:2
Turn on the light bulb next to Component3:1
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Thermal Stress v7

2 Units < Customn >

4 [} Engine,

Define Contact between Parts and Analyze

L

® il Study 1 - Thermal Str...

& [] componenti:1
& [] component2:1
Fle
7 (] component4:1
& (] components:1
b~ Shells (List by Part)
4% Material Overrides
€y Idealizations
;) == Constraints
7 &2 Loads
3 Contacts (List by Type)
2 [l Mesh
% B Results

v v T v 7
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1. Automatically detect contact between the parts in your model

e Contacts > Automatic Contacts

CONTACTS

—

e

MESH DI

Ff; Automatic Contacts ><|

I Bonded

T Spring

BB Separation (Mo Sliding}
2 Sliding (Mo Separation)
- Separation + Sliding
& Shrink Fit (Mo Sliding)

™ Shrink Fit + Sliding
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2. Analyze your model
e Solve > Solve

SOLVE MANAGE

DECIS

0 Pre-check

Adaptive Mesh Refinement

! Solve

& solve Details

@ Solve Log
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Note: If your model is sufficiently set up, your light will be green, indicating you are ready
to analyze the model.

Review Your Results

Below are just a few of the steps that you can do to review your results in Autodesk Sim 360. After performing these
steps, feel free to take a few minutes to explore some of the other features in the results environment. We will take a
look at a few of the other options, such as comparing multiple designs in the same screen.

1. After reviewing your factor of safety, change the result type to stress
e Legend Safety Factor

Temperature * Cr {3 a
Safety Factor
I Siress 1 A33E+02 Max.
Displacement
1.250E+02
Strain
Contact Prezsure
& Temperature 1.000E+02
Heat Flux
0.750E+02
0.500E+02
0.287TE+02 Min_

> Stress

12



Getting Started with Autodesk® Sim 360

2. After reviewing your stress, review your temperature results
e Legend > Temperature

Temperature v Cr {3 a Stress v VonMises * MPav £ 4

1.433E+02 Max. 72.50 Max.

1.250E+02 60.00

1.000E+02 4500
0.750E+02 30,00
05006402 15.00

0.287E+02 Min 0.00 Min.

Create a Fatigue Analysis

1. Return to the Setup Environment
e On the ribbon bar, click on Results and select Setup

SETUP

SIMPLIFY

EDIT DESIGN

COMPARE
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2. Create a fatigue case based on the thermal results
e New > New Fatigue Case

3. Choose a stress based method for fatigue calculations
Fatigue Life Calculation > Stress based

[ ]
e Click OK
NEW MATERIALS

&

D

E’é New Model

[ New Simulation Study

’Iﬁ New Fatigue Case

J
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& Settings

Name

Fatigue Case 1

Fatigue Life Calculation

Stress based (SN)

Stress based fatigue analysis assumes that the stress
remains in the elastic region of the material. Mo correction is
made for plasticity. Therefore, this method is suited only for
high cycle fatigue (more than 100000 cycles).

Define Fatigue Parameters

1. Define your materials the fatigue analysis
e Fatigue > Fatigue Materials
e Select All > Steel AISI 4130 366 QT > OK

FATIGUE ~ MESH
ASE
T

Qx Exclude Fatigue Parts

DISPLA

[ |
|
L]

[ Fatigue Materials

# Fatigue Life Factors
[P Cycle History

s=s Output Options

ﬁ Calculation Options

Settings

@ Fatigue Material Properties

«F OK ] [ 3 cancel
\ g,
r-i Fatigue Materials E@gﬂ
Material Library [Autodesk Material Library ']

Parts/Bodies | Stress Material | Fatigue Material | Steel |‘
fComponentl:1 Iron, Cast lSteel AISI 4130 366 QT ']
fComponent2:1 Iron, Cast lSteel AISI 4130 366 QT ']
fComponent3:1 Iron, Cast lSteel AISI 4130 366 QT ']
fComponentd:1 Iron, Cast lSteel AISI 4130 366 QT '] B
/Component3:1 Iron, Cast ISteel AISI 4130 3606 QT '] v
f Update « 0K ] l # cancel I l Properties == l
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2. Define the fatigue life factors
e Fatigue > Fatigue Life Factors
e Select All > Polished > OK

- |
' Fatigue Life Factors -
FATIGUE MESH  DISPLA
b & E I Surface Finish Stress Concentration
T S Body Endurance Limit Factor T Sl
_ _ Limit Factors
ﬂx Exclude Fatigue Parts D (>=1.0)
[% Fatigue Materials /Componentl:1 ’P‘)“She'd hd ] | 1 | 1 1
£ Fatigue Life Factors I /Component2:1 ’P0|ished - ] | 1 | 1 1
[Po cycle History /Component3:1 [Polished v] | 1| 1 1
[2 output Options /Component4:1 ’pmm v] | 1 | 1 1
ﬁ Calculation Options /Component5:1 ’Polished v] | 1 | 1 1
Settings
@ Fatigue Material Properties Select All [ J QK ] l x Cancel
L A

3. Define the cycle history
e Fatigue > Cycle History
e Choose a curve > 0K

' Cycle History

FATIGUE MESH DISPLA

N B B
P T

x Exclude Fatigue Paris
[% Fatigue Materials

# Fatigue Life Factors

IJ

|Bg cycle History

E‘, COutput Options
ﬁ Calculation Options
Settings

@ Fatigue Material Properties

4. Perform the analysis
e Solve > Solve
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Review Fatigue Results

1. Review the fatigue life of the engine to determine cycles to failure
e Click on Safety Factor display > Fatigue Life

* Total

Safety Factor
Stress

® Displacement
Strain
Contact Pressure
Temperature

Heat Flux

Fatigue Life

Fatigue Damage

Fatigue Log10(Life)

“|m &

4.970E-04 Max.
4.000E-04
3.000E-04
2.000E-04
1.000E-04

0.000E-04 Min.

2. Review the other fatigue options

e Fatigue Life > Fatigue Log10 (Life)

e Fatigue Logl0(Life) > Fatigue Damage

Fatigue Log10(Life)* No Mean Stress Correct.. v $ 4

32.00 Max.
30.00

2250

15.00

4.08 Min

’
%)

S

%
"oi
%

","’
KX

X0
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Create a New Study to Compare Results

Create a New Study

1. Return to the Setup environment
e From the ribbon, click on Results > Setup

2. Clone the first thermal stress study
e Right click on Study 1 — Thermal Stress > Clone Study

e Choose Use an existing Simulation Model > Copy Simulation Model
e C(Click OK

+« BROWSER CHl & Clone Study L&J

a = Thermal Stress v21

% nits < Custom > k_:_,l Create a new Simulation Model
a ﬂj Engine, =) l:Ise an existing Simulation Model
a ® Jd] study 1 - Thermal Str.... | |+ Copy Simulation Model |
b [& Simulation Model I Clone Study I | Share Simulation Model
Delete Stuady ; -
D Material Overrides — - Study 1 - Thermal Stress (Simulation Model)
Settings
(fz'g Idealizations @ Pre-check

b ) =% Constraints ¥ Sohe

b & Loads

P 3 Contacts (List by Type)
b Q@ [y Mesh

b =3 Fatigue

B Results

«F 0K l l 3 Ccancel

3. Modify the convection coefficient to help reduce the engine temperature
e Right click Convection:1 > Convection Coefficient =40 W / (m”2 C)
e C(Click OK
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44 BROWSER |

a 2 Thermal Stress v24 @ THERMAL LOADS

an ;
= Units < Custom > Select i... EE

« (& Engine .
a @ ] study 1 - Thermal str.... selection

+ i . o
> 5 Simulation Model Load Ty... &= Convection
b &% Material Overrides Selectic... Selections -
% Idealizations Ambien... 20,00 C -
> :
@ == Constraints Temper... [}
4 £ Loads
5 I convec.. 40.00wW/(m~2c) 1
X £y
i & convection:1 Convec... [
7 & Internal Heat:1 Temper... [J
b 03 Contacts (List by Type)
b Q[ Mesh oK Cancel
b 5 Fatigue
B Resuts r 2000C *  4000W/(m2C)

> O ol study1.1-Thermal Stre..

4. Analyze the new thermal stress study
e Click on Solve > Solve

Create a New Study

1. Inthe results environment, compare the two studies
e From the ribbon, click on Results > Compare

SETUP

R

N

SIMPLIFY
2

EDIT DESIGN

=i
|L 5

RESULTS

COMPARE

Nalli]
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2. Verify that both of your studies are being displayed
e On the left display > Engine — Study 1 — Thermal Stress
e On the right display > Engine — Study 1.1 — Thermal Stress

& Autodesk Sim 360
(13) My Home | Exl  ThermaiStr... X |

= gearg
SYNCHRONIZE ~ANIMATE OPTIONS MESH DISPLAY LAYOUTS DECISION CENTER INSPECT SELECT EDIT SETUP

HE 0 L0 L = T = O S 1

Safety Factor v & a

15.00 Max
12.00

9.00

® Engine - Study 1 - Thermal Stress o

3.00

Engine - Study 1.1 - Thermal Stress

0.78 Min
0.00

#EUTQ OB
3. Link the two design studies for easier comparison
e From the ribbon, Synchronize > Check Synchronize Result Type

SYNCHRONIZE ~ ANIMATE
g &
e =
T |
Synchronize Camera

Synchronize Result Type
l:' Synchronize Min/Max
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4. Review the various results to determine the improvement
e Safety Factor
e Stress
e Temperature

¥ Autodesk Sim 360

Safety Factor  ~ & 4

-
A
F

Engine - Study 1 - Themn...» 28 qQ OB

Boom! That’s it! Thank you for coming, please come again.
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