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Introduction

Physical
Problem

Question regarding the problem
...how large are the deformations?
...how much is the heat transfer?

Mathematical

model
(Governed by
differential
Equations)

Assumptions regarding
Geometry

Kinematics

Material law

Loading

Boundary conditions
Etc.




Physical problem
Example: A bracket

i
Questions:

1. What is the bending moment at section AA?
2. What is the deflection at the pin?



Mathematical model 1: beam

A
| wm— rowD5cm
:‘:'I_.l' Ve 1000 M
7 hr-ﬁc Y
E“:_‘_h'! ..Jl_._-_._._ ——
f |
a | 1 —l
1 ¥e
I I

L = I8
A v N cm

Moment at section AA: M= WL

= 27500 N cm
3
Deflection at load: 8 ationd W = TWIL+ry) _ Wg— + Ty )
3 El 2 AG
3
, =0.053 cm

How reliable is this model?
How effective is this model?



Mathematical model 2: plane stress
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Difficult to solve by hand!



..General scenario.. Physical
Problem |

Mathematical

model
(Governed by
differential
Equations)

Numerical model
e.g., finite element model




..General scenario..
Finite element analysis

PREPROCESSING
1. Create a geometric model
2. Develop the finite element model

Solid model Finite element model



..General scenario..
Finite element analysis
FEM analysis scheme
Step 1. Divide the problem domain into non overlapping

regions ("elements") connected to each other through special

points ("nodes")
lement

Finite element model



..General scenario..
Finite element analysis
FEM analysis scheme

Step 2: Describe the behavior of each element

Step 3: Describe the behavior of the entire body by putting
together the behavior of each of the elements (this is a
process known as "assembly”)

POSTPROCESSING
Compute moment at section AA



..General scenario..
Finite element analysis

 Preprocessing

y 4

=y 4

N

‘Analysis

A
\
N

| Postprocessing



Example: A bracket
Mathematical model 2: plane stress

FEM solution to mathematical model 2 (plane stress)
Moment at section AA M=27,500 N cm

Deflection at load Oatioaq w = 0.064 cm

Conclusion: With respect to the questions we posed, the beam
model is reliable if the required bending moment is to be
predicted within 1% and the deflection is o be predicted within
207%. The beam model is also highly effective since it can be
solved easily (by hand).

What if we asked: what is the maximum stress in the bracket?
would the beam model be of any use?



Example: A bracket
Summary

1. The selection of the mathematical model depends on the
response to be predicted.

2. The most effective mathematical model is the one that
delivers the answers to the questions in reliable manner
with least effort.

3. The numerical solution is only as accurate as the
mathematical model.



Modeling a physical problem

Physical Problem Change physical
problem
Iy A
Mathematical Mode Improve mathematical

L

model

Numerical model

A

~| Refine analysis

Design improvements

Structural optimization




Modeling a physical problem

Verification and validation

Physical Problem
ﬁ Mathematical Mode
Validation ﬂ

&> Numerical model

9

Validation

=
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What is the finite element method (FEM)?

- A technique for obtaining approximate solutions to boundary

value problems.
- Partition of the domain into a set of simple shapes (element)

- Approximate the solution using piecewise polynomials within
the element

F

————
/ N Piecewise-Linear Approximation

[ AN
\

Structdire

%’)& X
7 \
P LD

N
Element




- How to discretize the domain?

- Using simple shapes (element)

o 6 ! 8 Nodes
I 1 I 2 I 3 I Elements
: 2 3 4

- Solution at Element 1 is described using the values at Nodes 1, 2,
6, and 5 (Interpolation).

- Finite element analysis solves for Nodal Solutions.



« How to calculate nodal solutions?

- Construct a huge simultaneous system of equations and solve for
nodal solutions.

- Different physical problems have different matrices and vectors.

K, K, - K _Kulﬁ fFl\

2 1n

K, K, - K,, ||u, F,
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- Tl n2 nn | unJ n )




EXAMPLE: FINITE ELEMENTS
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Introduction to Nonlinear Finite Element Analysis
Procedures

An Example: Bending of A Cantilever Beam

. Linear Problem
(Infinitesimal Deformation)

. Nonlinear Problem
(Large Deformation)

. Moment is a function of deformation



Linear Problem:

1

o e . . a )
- Infinitesimal deformation: g; = 5( Ui

OX |

Undeformed coord.

- Linear stress-strain relation: 0o {CQ\E
- Constant displacement BCs
- Constant applied forces Constant

Solution Procedure

K.d=F or Ad) =F i -

- Stiffness matrix K is constant

\ 4

d 2d
If the load is doubled, displacement is doubled, too



Nonlinear Problem:

- Everything except for linear problems!

- Geometric nonlinearity: nonlinear strain-displacement relation

- Material nonlinearity: nonlinear constitutive relation

- Kinematic nonlinearity: Non-constant displacement BCs, contact

- Force nonlinearity: follow-up loads

Solution Procedure

- How to find d for a given F?

Incremental Solution Procedure

A 4




Nonlinearities in Structural Problems

Displacement | | »|  Strain | | »  Stress
A Nonlinear Nonlinear A
displacement-strain stress-strain
— Nonlinear displ. BC Nonlinear force BC —
\J \i
Prescribed Applied
displacement force

. More than one nonlinearity can exist at the same time



Introduction
Abaqus FEA is a suite of finite element analysis modules

Abaqus/CAE

Job control and

Elysium direct monitoring

translators Modeling ? Jv Visualization
(Abaqus/Viewer)
—

-

: t Analysis
Third-party | Translators — Abaqus/Standard =] MpCCl [Z] CFD code

reprocessors .
brep ~ Abaqus/Explicit

Abaqus Interface _,_ Abaqus/Aqu.a _, Abaqus Interface
for Moldflow Abaqus/Design for MSC. ADAMS
ADAMS/Flex

—_—

Moldflow Jv

Translators

Y

Third-party
postprocessors

- SIMULIA Home Page: www.simulia.com

- Abaqus documentation—all usage details are covered in the user's
manuals.




Abaqus/CAE

- Complete Abaqus Environment for
modeling, managing, and monitoring
Abaqus analyses, as well as visualizing
results.
- Intuitive and consistent user interface
throughout the system.
- Based on the concepts of parts and
assemblies of part instances, which are
common to many CAD systems.
- Parts can be created within
Abaqus/CAE or imported from other
systems as geometry (to be meshed in
Abaqus/CAE) or as meshes.
- Built-in feature-based parametric

modeling system for creating parts.
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DR e W EI R AR

ERIEC el le )

f?, visualization defaults | ‘

O o RE TR Csteg 1A 1 2 3 4 4
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Madel | Resuts |

£ Model Database | & o | )
Bkl

£l 43 Madels (1)
£l Modekt

5 Parts

el Steps (1)
B= Figld Output Requests
Bt History Cutput Requests
[ Time Paints
- B ALE Adaptive Mesh Constraints
Interactions
~E Interaction Properties
ﬁ Contack Controls

ctor
= F Fields

- [l Predefined Fields
Remeshing Rules
-1 sketches
~A annotations
EIEX Analysis
Jobs
B adaptivity Pracesses

E 333

Abaqus/CAE main user interface



Introduction

» Analysis modules

» Abaqus/Standard and Abaqus/Explicit provide the user with two
complementary analysis tools. W

Abaqus/Standard's capabilities:
- General analyses

- Static stress/displacement
analysis:

rticulation of an
* Rate-independent response automotive boot seal

* Rate-dependent (viscoelastic/creep/viscoplastic) response
* Transient dynamic stress/displacement analysis
» Transient or steady-state heat transfer analysis
» Transient or steady-state mass diffusion analysis
- Steady-state transport analysis



Introduction

- Multiphysics:
- Thermal-mechanical analysis
- Structural-acoustic analysis

 Thermal-electrical (Joule heating)
analysis

- Linear piezoelectric analysis

- Fully or partially saturated .
pore fluid flow-deformation Thermal stresses in

* Fluid-structure interaction an exhaust manifold



Introduction

- Linear perturbation analyses
- Static stress/displacement analysis:

- Linear static
stress/displacement analysis

- Eigenvalue buckling
load prediction Harmonic excitation

Dynamic stress/displacement analysis: of a tire

» Determination of natural modes and frequencies

Transient response via modal superposition

Steady-state response resulting from harmonic loading

* Includes alternative “subspace projection” method for
efficient analysis of large models with frequency-dependent
properties (like damping)

Response spectrum analysis

Dynamic response resulting from random loading



Introduction
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-acoustic analysis
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Introduction

- Comparing Abaqus/Standard and Abaqus/Explicit

Abaqus/Standard Abaqus/Explicit

- Ageneral-purpose finite element  _ A general-purpose finite element
program. program for explicit dynamics.

* Nonlinear problems require * Solution procedure does not
Iterations. require iteration.

- Can solve for true static - Solves highly discontinuous high-
equilibrium in structural speed dynamic problems

- Provides a large number of - Coupled-field analyses include:

capabilities for analyzing many
different types of problems.

* Nonstructural applications.

» Coupled or uncoupled
response.

« Thermal-mechanical
- Structural-acoustic
- CEL



Introduction

- Interactive postprocessing

+ Abaqus/Viewer is the
postprocessing module of
Abaqus/CAE.

» Available with Abaqus/CAE
or as a stand-alone product

» Can be used to visualize
Abaqus results whether or
nhot the model was created in

Abaqus/CAE B |
* Provides efficient o
visualization of large models Contour plot of an aluminum

wheel hitting a curb in
Abaqus/Viewer



Introduction

Create complex
Geometry

Printed Output

(' dat )e—n

ascii

Output Database

ABAQUS
CAE

v

ABAQUS

(" odb )

binary l

ABAQUS
Viewer

<—>C cae ) Pre
binary Processing
Message file
_ (g )
. Analysis
(" res )
Restart binary
file
—(_ps ) Post

Postscript files Processing



