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> REGISTER NOW Because the Real World is Nonlinear
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I'm Your Host
Dominique Madier
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FEA Analyst

| FEA Consultant | FEA Trainer | Book Author |
Helpine Eneineers and Students to Learn FEA
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« To offer the best practical method.
and guidelines for the development
and validation of finite element
models in solid mechanics and-

structural analysis for nonlinear
behaviors. |
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Because learning FEA is a lot more than just learning a software

Itis also about learning the good modeling practices and methods |

This course will deliver vou
real and practical
knowledge that you need
for your day-to-day work
with FEA |
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Expand Your Career Horizons:
Unlock the Power of FEA to Excel in Engineering
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Gain an Edge with o Boost Your Versatility to : Join anInspiring Community
" to/ng&hensive FEATraining Conquer Diverse Projects * of FEA Enthusiasts
L T—— . .

A FEA in DetailOpens y is IncrediblyaFlexible, ; in FEA Academy's
A Doors to Expanded Career® i Enabling Its-Application in Courses and _ACCESS a Vibrant
e Opportunities and Sets You [ ,  VariousIndustries and Network of Like-Minded

Apart from the Rest. ~—  Projécts. . Engineers.

' Good Modeling ' ’ an Engineering ,Share Ideas,
Practices and Propel Your ® Virtuoso, Navigating Any . and Forge Connections with
Engineering Skills to New Challenge with Confidence. Instructors and Fellow
Heights e : Students/Engineers.
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‘ 32 On-Demand Videos -

Watch the Videos at
Your Ot
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“Examples showing FEA work
by Steffan Ev

17 FEA Workflows

5 hours

”N\odellng Techniques”
Methods, Guidelines & Examples
by Dominique Madier
15 Lectures
7 hours

.—'i.e:_ |
. i Computer-Aided Engineering Ltd
FEA Analyst
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What is the prerequisite to attend the course?

v Arobust general physics background.
v A basic knowledge of FEA,

v A review of university-level in solid mechanics, statigs & strengtibf of materials is
recommended. |
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Computer-Aided Engineering Ltd

O
/ Learning FEA in detail permits you expanding

your career opportunities and gives you an edge
over other engineers who don't know the good

modeling practices.
Expand Your Career
Opportunities

FEA is so flexible that it can be used in various applications.

An engineer with very good knowledge of FEA is much
more versatile than one who does not know it well.

Since the modeling techniques are universal, mastering
FEA will permit you to navigate various types of industries

Improve : :
and work on diverse projects.

Your Versatility
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INTRODUCTION TO NONLINEAR STATIC ANALYSIS
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« Whatisa Nonlinear System?

i N it
« The Types of Nonlinearity \&
|
» Characteristics of a Nonlineé&S\/sternv |
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THE TYPES OF NONLINEARITY

« Geometric Nonlinearity |
v'Sources of Geometrical Nonlinearity
v'How Does Nonlinear G‘;'e?metr\/ Work?
v'The Follower Load Concept
vSmall or Large Strain? e
v'Do You Really Need a I\lc&fﬁlviﬁ‘éar Geometric Analysis?
v’ Example of Geometric l\l%@\linearit\/ |
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THE TYPES OF NONLINEARTY

« Material Nonlinearity |
v'Refresh about the Behaviors of Metallic Materials
v'Material Models g
v Engineering and True Stress-Strain Curves
v'Yield Criteria \
v'Hardening Rul |
g Rules
v'How Does Nonlinear Material Works?
v'Define the Nonlinear Model with your FEA Software
v'Do You Really Need a Nonlinear Material Analysis?
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THE TYPES OF NONLINEARITY

« Boundary Nonlinearity ‘?i-;{;'f“j;;’f;ﬁf/
v'Loads and/or constraints variation
vIIntroduction to contac 'g%dnditions
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SHOULDYOU RUNALINEARORA
NONLINEAR SOLUTION? e

* 6 Questions to answer \\?/
before torunanonlinear
solution
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| Lecture #6
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How Do FEA SoLVERS COMPUTE NONLINEAR PROBLEMS?
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« Formulation of a Nonlinear Problem

* Newton-Raphson Methods

- Computational Methods

» Equilibrium Path and Criti"v_'ci:;afll"Points
« Stiffness Matrix Update Sﬁ{:ategies

* Convergence Criteria \

* Choosingthe Incremental Load Step
 Arc-Length Methods — R

\

\

How to Select the _Righyt IteratiQé%Solution Scheme?

4 1 hour
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SUMMARY OF THE NONLINEAR
SOLUTION STRATEGY Wiy
Basic Operations  195ae2t
Iterative Process N7
Stiffness Matrix Updates

Adaptive Load Increment
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STRATEGIES TO AVOID AND KT
SoLVE CONVERGENCE ISSUES i /
* Non-Convergence Issues =
« Tools to Solve the Non-

Convergence \*\\/
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MODELING CONTACTS #1

« Whatis a Contact? W,
v’ Contact Definition i
v Contact Strategy o
v'Contact Force (L
v Friction Force
v'Linear Vs Nonlinear

» Types of Contact

v Contact Definition

v Types of Interaction

v Types of Contact Body
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MODELING CONTACTS #2

» Contact Analysis Procedure
v' The Master-Slave Concept
v Contact Detection
v' Contact Tolerance

L7

v Detection Algorithms oty

v' Influence of the Load Increment on Contact
Detection \\%ﬁ
« Guidelines for Defining Contact \ i

» Do you Really Need to Represent Cont

d
- Simulations? AN
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« Examples s
v" Glued Contact
v Touching Contact Ess%ian
v Contact between Deformable Bodies
v Deformable-Rigid Contact
£ 25 minu =
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EXAMPLES OF NONLINEAR STATIC ANALYSIS

Geometric Nonlinearity & I-'Ij,\i,stor\/'_F"Jath

* Cumulative Effect of a Nonliﬁ,'e'ajrf:")(ﬂ\nal\/sis
W
* Influence of the Incremental I_\“?ad Step on Results

- Material Nonlinearity: The Elastoplastic Plate

N

* Highly Nonlinear Problem: @tal Forming (Geometric,
Material & Contact) — R T —
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GENERAL RECOMMENDATIONS
FOR NONLINEAR ANALYSIS

» 9 Key Points to Succeed |
with Nonlinear Analysis |

X
AN
¥

~ @© 20 minutes < /f

/f 2 / = ) AN
/;/M' ~ www.fea-academy.com S\ <R Y



https://www.fea-academy.com/

AN

actical Nonlinear Finite Element Analysis course content

CommoN MISTAKES IN
NONLINEAR ANALYSIS

« The 8 most common
mistakes made during
nonlinear analyzes

X
AN
¥

/ ® 10minu

AW

yir A Y
/;/M' ~ www.fea-academy.com 3 <R Y



https://www.fea-academy.com/

actical Nonlinear Fin{;ﬁi_gte Element Analysis course content

INTRODUCTION TO NONLINEAR BUCKLI

Why Perform a Nonlinear B;lucklin-g’"Anal\/sis?

« The History Path and the Cofgverged Analysis
* Essential Steps in Nonlinear I§ptkling Analysis
* Examples of Nonlinear Bucklin&fAn:ai\/sisa

v'Buckling of a Curved Panel =
v'Snap-Through: Newton-Raphson Vs Arc-Lensgth
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Supporting Files

Download from the Virtual Classroom

PDF FILES B LECTURES SLIDES ~600 SLIDES

MQODELING FILES

> The M\SC Nastran Model Files for All the Examples (convertible in any FEA package format)

»Geometric Files to Replicate all the Examples (Lectures and FEA Workflows):
v'Parasolid (xmt)
v Step (.stp)
vIGES (.igs)

www.fea-academy.com
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Stiffened Panel Nonlinear Analysis 50 minutes (4 videos)

Generalities: Mlodel Build and Analysis Set-Up

23 minutes

Multiple Load Case and Step Analysis 20 minutes

170 minutes

Linear Vs Nonlinear

Structural Collapse, Shell Column Structure 15 minutes

15 minutes

Panel Instability and Load Redistribution

Fuselage Skin Instability
(Load Incrementation Scheme & Load Redistribution)

©

25 minutes

Nonlinear Material Behavior 30 minutes

" F EA WO rkfl OW Plasticity & Permanent Deformation

/" Hydroforming/Spring back — Punch Forming
E)-(a m p | es Shock Absorber

Involute Gear

1 7 VI d eos 3D Bolt Joint with Preload
S h O U rs 3D Interference Fit

15 minutes
20 minutes
20 minutes
25 minutes
10 minutes
15 minutes

© 0 0 00
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Keep Track of Your Knowledge

“Ef .+ Download our pdf document with
Egh} 90 questions to review your
Computatonof Nolinea Prolemst knowledge.
Practical Nonlinear ‘
Finite Element Analysis
e FEA ‘ qunload our pdf document
with all the answers to the
90 questions.

=+ Testyourself by answering
mm—— ] the quizzes after each

* lecture in the FEA Academy
learning platform.

Review of the Nonlinear Concepts in FEA

90 Questions

vw fea-academy.com
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Dominique Madier

| FEA Analyst | FEA Trainer | Book Author | Speaker |
| Found Director of FEA Academy & FEA Experts |
\/ m

Senior FEA consultant, trainer and coach with 25+ years of experience in FEA.

He has an advanced expertise in Finite Element Analysis (FEA) of static and dynamic
problems for linear and nonlinear structural behaviors on aerospace metallic and
composite structures such as aircraft fuselage, wing, empennage, nacelle, engine pylon

and systems.

Dominique conducted detailed finite element analyses for aerospace companies in
Europe and in North America: Airbus, Dassault Aviation, Safran, Bell Helicopter,
Bombardier Aerospace, Pratt & Whitney Canada, Beta Technologies, and their
subcontractors.

He is the author of the books “Practical Finite Element Analysis for Mechanical Engineer”

and "Harness the Power of FEA", which provide practical methods and guidelines for
engineers and students in developing and validating finite element models. Additionally,
these books offer valuable insights for technical managers on building and managing
effective FEA teams.

Dominique is the founder & director of FEA Academy and FEA Experts, companies
offering FEA Consulting Services as well as FEA Training, Coaching and Mentoring
Services.
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FEA Analyst

| FEA Consultant | Book Author | FEA Trainer | Speaker |
| Helping Engineers and Students to Learn FEA |
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FEA

« Practical Finite Elemnent Analysis for Mechanical Engineers »

650 PAGES OF FEA BEST PRACTICAL METHODS & GUIDELINES — 100+ EXAMPLES

Available in Hardcover and e-Book format in the FEA Acaderny Book Store

www.fea-acaderny.com
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