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Safe Harbor

= We may make statements regarding planned or future development efforts for
our existing or new products and services. These statements are not intended
to be a promise or guarantee of future availability of products, services or
features but merely reflect our current plans and based on factors currently
known to us. These planned and future development efforts may change
without notice. Purchasing decisions should not be made based upon reliance
on these statements.

= These statements are being made as of Tuesday December 1, 2015 and we
assume no obligation to update these forward-looking statements to reflect
events that occur or circumstances that exist or change after the date on
which they were made. If this presentation is reviewed after Tuesday
December 1, 2015, these statements may no longer contain current or
accurate information.
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FEA with Autodesk Nastran Track Schedule

1 Tuesday

8:00Class 1: Let’s Get It Started! An in-depth kick-
off to the FEA with Autodesk Nastran Power

Track
9:00- Sualp Ozel

10:00

Opening Session Keynote

11:00

12:00

1:00

Class 2: All meshes aren't alike! Tips and tricks

for getting the best mesh
- Mitch Muncy

2:00

3:00Class 3: Prep School:
Prepare Those Crazy
Juvenile CAD Models for
the Real World of
Simulation
- Tyler Henderson

4:00

5:00Class 4: Simulate what
you test: Modeling
assemblies for more
realistic digital
prototypes
- Andrew Sartorelli
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Innovation Forum

STRESSED - Take an
Inventor Simulation
Chill Pill! - Wasim
Younis

2 Wednesday

Class 5: The World is Nonlinear! Seeing and
capturing nonlinear in real-world problems
- Vince Adams & Dave Weinberg

Beyond Linear and AlJob Weld

Static: What all the

other buttonsin In- the bottom of

CAD are used for modeling welds
in FEA...

- Bart McPheeters - Vince Adams

Innovation
Forum

Class 6: Goal Driven Design - Using
Simulation and Optimization in the
Design Process

— Mike Smell

Class 7: How do the experts see Simulation in the
Future of Making Things? - Expert Panel — Angie

Schrader, facilitator

3 Thursday

Class 8: If your products make an
impact, let me introduce you to
Explicit Dynamics

- Lee Taylor

Innovation Class 9: Shaking All Over - Using
Done: Getting to Forum

simulation to understand vibrating
products
- Allen Fowkes

Class 10: What BAM! Let's Throw a
do my answers Little In-CAD into
mean? All your Simulation
about results in Soup

FEA- Jim Byrne - Andrew Sears

Closing Keynote

Faculty Includes:

Sualp Ozel
Mitch Muncy
Tyler Henderson
Andrew Sartorelli
Vince Adams
Dave Weinberg
Bart McPheeters
Mike Smell

Lee Taylor

Allen Fowkes
Jim Byrne

Andrew Sears

Simulation Product Manager
Nastran Product Manager
User Experience Designer
Technical Specialist

Product Specialist

Software Architect

Technical Specialist
Simulation Product Manager
Distinguished Research Engineer
Technical Specialist

Technical Marketing Specialist

Sr. Software Quality Engineer

AU General Session

Track Course

Extra-track Opportunity
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Class summary

This class will cover the basics of finite element
analysis (FEA) and explore examples in order to gain
additional insight and improve product design for ol
and gas, and industrial machinery:.
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Key learning objectives

At the end of this class, you will be able to:
= Understand the basics of finite element analysis
= Learn how to generate a finite element mesh
= Learn how to set up a problem
= Learn how to post process results
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Agenda

= Session Approach

= Finite Element Analysis (FEA) Overview
= FEA Parameters

= FEA Best Practices

= FEA Software Introduction

= Analysis Walkthrough
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Session Approach

This session will not cover theoretical information... there’s just not
enough time to teach everyone matrix algebra
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Session Approach

= We are going to apply and leverage modern technology to gain
Insights into the use cases and capabilities
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FEA Description

Finite Element Analysis (FEA) Is a computerized method for
predicting how a real-world object will react to forces, vibration,
heat, etc. to determine whether or not it will function as planned
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FEA Benefits

* Predict Product Performance

= Reduce Raw Materials

= Ensure Optimal Design

= Reduce Manual Testing and Prototypes
= Test What If Scenarios

= Shorten Design Cycle
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Who Uses Simulation?

The Engineer The Analyst

L/E-:r e

\2 “Fz 7z
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FEA Process Overview

= CAD Model Creation / Simplification
= Simulation Setup

= Solve

= Review Results

= Optimize Design
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Analysis Types

= Linear 4= -0 cus for this presentation
= Nonlinear

= Thermal / Electrostatic

= Natural Frequency / Modal Analysis

= Vibrations

= Acoustics

= Fatigue Analysis
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Linear vs. Nonlinear

Linear === [ocus for this presentation

Structure returns to original form

Small changes in shape stiffness

No changes in loading direction or magnitude
Material properties do not change

Small deformation and strain

Nonlinear mmmm) \Vednesday 8:00 AM

= Geometry changes resulting in stiffness change

Material deformation that may not return to original form

= Supports changes in load direction and constraint locations
= Support of nonlinear load curves
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Meshed 3D Model Example

AUTODESK UNIVERSITY 2015 {\ AUTODESK.



Node Overview

= Anode Is a coordinate location in space where the Degrees of
Freedom (DOFs) are defined.
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Element Overview

= An element is a mathematical relation that defines how the DOFs
of one node relate to the next.
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Types of Elements

= 1D elements

= Aline connecting 2 nodes only for items like
beams and springs

= 2D elements

= Planar or axisymmetric elements with either
three or four edges enclosing an area

= Plates or Shell Elements: Planar elements that
are triangular or quadrilateral with a specified
thickness

= 3D (solid) elements

= Enclosed 3D volumes with 4, 5, 6 or 8 corner
nodes
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Element connectivity

= Elements within a single part body can only communicate to one

another via common nodes for transferring data information

No Connection
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Connected Nodes
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Material Assignment

= Material properties define the structure characteristics of the part
= Material property information can be located at matweb.com

Mild Steel:

Physical
Density

Linear Structural

* Young's Modulus
Poisson’s Ratio

FOS

* Yield Strength
Ultimate Tensile Strength

Thermal

* Thermal Conductivity
Linear Expansion

Specific Heat
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/

= 0.284 [bmass/inA3

= 3,193 ksi
=0.275

= 30 ksi
= 50 ksi

= 1,259 Btu in/(ftA2 hr*F)
= 21.6E-6 in/(in*F)
= 0.356 btu/(lbmass*F)

Force

Stress

Area

A

Ultimate Strength

Yield Strength
(Elastic Limit)

\’ Failure
Strain Necking

Hardening

_ Change in Length
Strain =

Original Length
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http://www.matweb.com/

Loads

Structural loads are forces applied to a part or assembly during
operation and cause the model to displace, deflect, and induce

stresses and strains

l 1 1 >3 g 'I'l:l Remote Force ﬂ, Temperature r.:fr, Centrifuga <> Voltage
I—I h‘ l[lf Bearing JT-_% Variable Pressure [& Hydrostatic Pressure *2. Remote Load & Constraint
Force Pressure Gravity (D FiESUltS ":) Moment % Weight l= Loads from File

Loads
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Constraints

Structural constraints restrict or limit the displacement of the model
mesh nodes

— (‘, =* Prescribed Displacement @ Frictionless

.~ " ) . _

General - § 1D Spring Support %. Cyclic Symmetry
Constraint Pin Constraint £5; 3D Spring Support £% Multi-Point Constraint

Constraints
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Contact Conditions

Contact conditions are used to establish relationships between the

nodes of contacting parts within an assembly

M AUTODESK UNIVERSITY 2015

Bonded
Welded
Free/No Contact

Surface Contact
sliding/No Separation
Separation/MNo Sliding
Shrink Fit/Sliding
Shrink Fit/No Sliding

Edge Contact
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Simulation Solving

Running or solving the simulation processes and calculates the
results based on the parameters established
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Results

he simulation results can be viewed and exported as a report to
ake intelligent decisions
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Reviewing Results

= Simulation does not always replace the need for physical testing

= The engineer / analyst still needs to interpret the results to make final
decisions
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Displacement

The displacement results show the magnitude of the model
deformation from the original shape

Displacement
Magnitude
in

0.01286097

. 0.01200357

T 0.011148617

- 0.01028878
- 0.009431378

- 0.00857398
r 0.007716582
- 0.006859184
- 0.006001786
- 0.005144388

- 0.00428699

- 0.003429592
0.002572194
0.001714796
0.000857388
0

Load Case: 1 of 1
Load Case Description: Load Case Description
Maximum Yalue: 0.012861 in

Minimum Value: 0in X
0.000 1.751 in 3.502 5293

4 = Design Scenario 4 = m z
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Von Mises Stress

Formula for combining three principal stresses into an equivalent
stress to compare to the material stress properties

The equation used is:

‘jn.j[[sx g P +lg, -8, P +[sz-sxjﬁ]+3lis§}, ra2 4al |

where Sx, Sy, and Sz are the axial stresses in the global
directions, and Sxy, Syz, and Sxz are the shear stresses.

In terms of the principal stresses S1, S2 and S3:

\[E' 5[51- +(3y -85 ) +[33-51:'E]

Note: von Mises value is always positive.

m AUTODESK UNIVERSITY 2015 “\ AUTODESK.



Safety Factor

Provides a ratio of how much stronger the object Is than it usually
needs to be for an intended load

Material Yield Strength

Safety Factor

Maximum Von Mises Stress

40,000 psi
20,000 psi
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Convergence

Convergence Is the process of altering element sizes in high stress
areas to ensure the specified result criteria has converged
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Stress Singularities

A localized high stress area where the stress becomes infinite
resulting In distorted results
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Best Practices

= Ensure solution type (Linear / Nonlinear)

= Setup simulation to match real world

= Verify material properties

= Avoid putting loads on nodes or small edges to avoid stress singularities
= Ensure your results converge

'/Y\ AUTODESK UNIVERSITY 2015 "\ AUTODESK.



FEA Software

= Conceptual Simulation (Apps)

= FEA Features Built into Design Tools

= Purpose Built Simulation Software
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Autodesk Mechanical simulation portfolio

Mechanical simulation

Use comprehensive Finite Element Analysis (FEA) to predict product performance through linear, nonlinear, thermal, and dynamic analysis. Optimize designs and

validate product behavior before manufacturing.

’4 Simulation Mechanical
' Study finite element analysis (FEA) "

MECH and mechanical event simulation. ~ IN-CAD

Autodesk ForceEffect & Top Davelaper

Autodesk Inc.  Productivity *Ahhk 4118 8

Add to Wishlist

'€ Everyone

LI AN

A AUTODESK.

AUTODESK UNIVERSITY 2015

Autodesk Nastran In-CAD

CAD-embedded FEA simulation,
powered by our Autodesk Nastran
solver.

Autodesk ForceEffect & Top Devslopes
Motion
Autodesk Inc.  Productivity *hkkh 2367 &

'€ Everyone

[}] Add to wishlist

Autodesk Nastran

FEA solver delivers accurate results

— for complex simulations.

FRO

Fusion 260 Inventor

AUTODESK®
PROJECT ARRO
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Walkthrough

1t pass

= Start with geometry

= Simpli

= Assign loads and constraints
= Perform a first pass analysis

Deep dive

= Review the setup

= Refine the mesh

= Add connectors if needed
= Verify against ASME code

AUTODESK UNIVERSITY 2015
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Recap

* Finite Element Analysis (FEA) Overview
= FEA Parameters

= FEA Best Practices

= FEA Software Introduction

= Analysis Walkthrough
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Thank You!

Questions?

= Contact:
* Products:
= Community:

sualp.ozel@autodesk.com

http://autodesk.com/simulation
http://simhub.autodesk.com
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Don’t miss our speaker panel!

How do the experts see Simulation Wednesday, Dec. 21
4:30 —5:30 PM

In the Future ot Making Things? Murano 3301 Level 3

Venetian Level 3

Lido
. . 4 & Murano
$ e Al
Scott Borduin Greg Fallon Roger Corn Rick Arthur
CTO Vice President Mechanical Engineer Director S an POlO
Manufacturing Product Group,  Simulation Product Group, Sony Visual Products Advanced Computing
Autodesk Autodesk Research, General Electric
Toscana

\s
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Check out our newest thing...

AUTODESK®

PROJECT ARRO
Attend a Class Participate in an Open Lab
Goal-Driven Design—Using Simulation Thursday, Dec. 3™
and Optimization in the Design Process ="

Level 2 Artist Foyer

Wednesday, Dec. 2"

3:00 — 4:00 PM TP .
Murano 3203 Level 3 | T g | /,vope,,ub '
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Resources —

simhub.autodesk.com

Simulation TV

Resources

Forum and
|dea Station

Blog

Learning

m AUTODESK UNIVERSITY 2015

Functionality Features
and What's New videos

White papers and
validation documents

Ask questions, share
your knowledge and
ideas

Read feature stories,
learn tips and tricks or
get the latest news

Archive of AU-online
presentations

'4 ' AUTODESK’ SIMULATION SIMULATION TV RESOURCES EVENTS DISCUSSIONS LEARNING BLOG MORE i
N . . L G : ‘E,L,i‘:;,‘{'" __.f;/
Simulation Community = A
pe 4 < = B y
; . : - STt e
Find answers, share expertise, and connect with your peers — S - J b}% & )
'.-,' ~ — /
Simulation TV More Videos Events i
. 5 \ N : 3 View and register for simulation events like user groups
| Autodesk Simulation Mechanical 2016 What's New Overview ! e o S St 8
= :
SEE ALL EVENTS
. . : Discussions Il Discuss
Autodesk Simulation Mechanical 2016
What,s NeW n NEW  Bracket error? 1
Sualp ozel' PE NEW AP| NewFromTemplate 1
Product Manager
NEW RC SLAB REINFORCEMENT COLUMN HEADS 1
effic d
F ngr 1
...... ersion of Robot 2014
Resources
— 7\1’, e FT te fill R
C -, : > # agra

— Ask a question of the SimSquad
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Resources — Forum and IdeaStation

= Autodesk customers and industry partners ask questions and share
information about Autodesk products.

= Regularly monitored by Autodesk employees

Autodesk Nastran Forum

¢\ AUTODESK. COMMUNITY

SEARCH

Advanced Sesarch

FORUMS | ARTICLES | IDEAS Browse by product v

Autodesk Community : Nastran

,/
o f
Browse Search This Category
5 Pacte) ¢ Nastran General Discussion Q Nastran IdeaStation
Nastran (152 Posts) (143 new) (9 new)

; Post to the Communi
Find Answers Common Issues Yy
Have questions about Autodesk

products? Ask the community.
Recently Solved

utions

NEW POST
v FATAL ERROR G3004: PROFILE LIMIT EXCEEDED v AutoCAD 2015 0xc0000142 Error occured

Posted to: Nastran General Discussion on:10/05/2015 by: rdropek Posted to: Installation & Licensing on:03/29/2014 by: mazel39

Submit Your Ideas
v Incorporating Tuning Stiffness to Normal Modes or Vibration v Some Products Fail to Install, Result 1603

Analysis

Posted to: Installation & Licensing on:03/22/2012 by: TravisNave Share and shape product ideas

Posted to: Nastran General Discussion on:08/11/2015 by
edwin.doetzel v Error 413 | Request Entity Too Large m

Posted to: Community Feedback on:05/14/2014 by: philip.s
v Parallel Processing with Parallella

Posted to: Nastran General Discussion on:06/22/2015 by
edwin.doetzel

More Solutions

AUTODESK UNIVERSITY 2015

Autodesk Nastran IdeaStation

t\ AUTODESK. COMMUNITY

Advanced Search

FORUMS | ARTICLES | IDEAS Browse by product w

Autodesk Community : Nastran : Mastran IdeaStation

o~y .

NASTRAN IDEASTATION
= :

Hot Ideas Top ldeas New Ideas

IdeaStation Options ¥

Kudo Contact Enhancement

Status: New Idea
by En gerryjdail on 04-13-2015 09:16 AM

Submit Your Ideas

With large deformation or deflection analysis, it is guite often possible for a madel with surface contact to have individual elements with a
defined contact surface moving at distances that would exceed that which is defined with contact search distance parameters. Today, as |
understand it, the only way to handle this is to either increase the search distance resulting in unusually large numbers of possible contact
elements being generated during the solve, or by estimating the the locations of where contact will exist between solids as the deformation

or deflection increases during the analysis.

I suggest that contact surface definitions be updated as the analysis continues so that as areas of one surface approach another surface as a Toolbox v
result of large deflections between the solids, the contact element sets are updated using 8 much smaller search area, yet will still create the
appropriate contact elements as a result of this new displaced orientation between surfaces

Share and shape product ideas

GID Announcements

Please review our ldeaStation
guidelines and best practices
before posting a new idea, or
voting an an existing onel

Labels: Contact Nenlinear
Post a Comment Permalink

— Can be
found via the
Knowledge
Network or
the SimHub
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Resources — Build Your Simulation IQ Webinars

/\ AUTODESK. Knowledge Network

e | oo | omor N G Register for live webinars, or YOlI“"
P watch them on-demand on Youtube.

What is an Autodesk® Help Webinar?

: Upload ®
Apr 09 2015 Translate this Page a St Q =3
| English b 4
AUTODESK"HELP WEBINARS
B use this 1anguage while | browss
The Autodesk Help Webinar series is designed to showcase time-saving tips and tricks that can be used to immediately increase T mechins sensston _ - " 4 # : = - X ¢ 3
your productivity. This live set of interactive training sessions hosted by our very own Autodesk Technical Support Specialists . % > o -
offers a unigue look into some of the most impactful in-product features and functionality that you may not already be familiar / - 4 i 13 1 .
-~ i 3 Leam more Si on | © f
The webinar format is a 20 - 40 min period of in-depth topic discussion. The remainder of the hour is an open question & a 3 . R
answer session covering any topic of interest by the audience. The webinar is considered a series and after signing up you will % ” :
be notified of future events. AUtOdeSk Slmulatlon " Subscribed
Home Videos Playlists Channels About Featured Q
Nastran In-CAD leverages the advanced Autodesk Nastran y
N BUILD YOUR NASTRAN IN-CAD 10 solvers within both Autodesk Inventor and Dassault
Solidwaorks to allow designers and engineers to embrace i »
analysis-driven design. Sessions will be hosted by Autodesk e -T—.T'E 2 . . s
s finite-element analysis experts and cover everything from e 7 BUIId YOUI' SImUIat|0n IQ -
the theory behind FEA to advice on troubleshooting |} I ) _ _ .
- GemThon iEsues andlemors. m ‘ - I by Autodesk Simulation + 49 videos + 5,033 views + Last updated on Sep 23, 2015
| _ : :
® A webinar series brought to you by Autodesk Subscription Services. Most of these technical webinars are
Join the Autodesk Suppart Team as we help you explore | presented by the Autodesk Technical Support team, but also includes invited guests from product
K ‘ BUILD YOUR ROBOT SIMULATION 10 how to leverage Robot to its fullest potential, covering: = development, product design, and technical sales.
best modeling techniques as well as tips and tricks. We will e —— : p—
help you to improve your workflow and reduce the time » Playall < Share 4 Save
bi you need to complete your projects.
! [ po—= Working with Single Elements to Understand Simulation Mechancial 48:50
1 —— :
A e ferestad| = Autodesk Moldf by Autodesk Simulation
re you interested in enhancing your Autodesk Moldflow T T
(Q BUILD YOUR SIMULATION MOLDFLOW 10 skills? Join the Autodesk Support team for monthly
webinars to learn different techniques for various road — ;
blocks you may encounter with your simulations. We will » I 1@ Pre-Simulation Geometry Prep using Autodesk SimStudio Tools with Moldflow Insight 45:04
cover best practices, tips and tricks as well have Q&A ey 4 by Autodesk Simulation
throughout the session!
3 v Helius PFA-Advanced Material Exchange Workflow 36:14
The CFD industry is a complex and growing field for I « by Autodesk Simulation
(Q BUILD YOUR SIMULATION CFD1Q engineers around the world. Join the Autodesk Technical
Support team as we help you explore how to leverage
Simulation CFD to its fullest potential, covering: best - Recurdyn Interoperability with Simulation Mechanical 2016 48:04
practices, validation models, new product enhancements, 4 _ ) 2
and much more. Come and add your own personal insight el DY Autodesk Simulation
and experiences during our open Q&A! m
g m Utilising the Decision Center in Autodesk CFD 2016 30:07
Simulation Mechanical is Autodesk’s finite-element analysis — 2
(" ‘ BUILD YOUR SIMULATION MECHANICAL 10 package for engineers and analysts, now with added AN SR C = = e |

advanced solvers from Autodesk Nastran. Learn about new

m features and tips and tricks to help boost your Mechanical
¥ % L] IQ in this reoccurring webinar series hosted by Autodesk
. Technical Support Specialists and guest speakers who work
A| A with the software every day. [SIGN UP HERE| A AU TO D E s K
®




Be heard! Provide AU session feedback.

= Via the Survey Stations, email or mobile device.
= AU 2016 passes awarded dally!

= Give your feedback after
each session. SV

= Give Instructors feedback
In real-time.

W AUTODESK UNIVERSITY 2015 ",\ AUTODESK.



Forget to take notes? No problem!

After AU visit:
AutodeskUniversity.com

Click on My AU to find:

= Class Recordings
= Presentations
= Handouts

All of your sessions will be there
to enjoy again and again.

m AUTODESK UNIVERSITY 2015 #AU2015 A AUTODESK.



Too many sessions, too little time?

After AU visit:

AutodeskUniversity.com

= Recorded sessions o 172
1 12

= Presentations and handouts
= Key learnings

[ ]
"

R
e 2 Y

Don’t miss a second! Find hundreds |
of sessions waiting for you. ) 9

Q A

m AUTODESK UNIVERSITY 2015 ",\ AUTODESK.



More Questions? Visit the AU Answer Bar

= Seek answers to all of your technical
product guestions by visiting the Answer
Bar.

= Open dailly 8am-10am and Noon-6pm and
located just outside of Hall C on Level 2.

= Staffed by Autodesk developers, QA,
& support engineers ready to help Lo}
you through your most challenging
technical guestions.

m AUTODESK UNIVERSITY 2015 "r\ AUTODESK.
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