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ABSTRACT

Finite Element Method (FEM) is a well-established technique for analyz-
ing the behavior and the response of structures or mechanical components
under static, dynamic, or thermal loads. Over the past two decades the use
of finite element analysis as a design tool has grown rapidly. Easy to use
commercial software have become common tools in the hands of students
as well as practicing engineers. The objective of this two volume book is
to demonstrate the use of one of the most commonly used Finite Element
Analysis software, ANSYS, for linear static, dynamic, and thermal anal-
ysis through a series of tutorials and examples. Some of the topics and
concepts covered in these tutorials include development of beam, frames,
and grid equations; 2-D elasticity problems; dynamic analysis; and heat
transfer problems. We are hoping these simple, yet, fundamental tutorials
will assist the users with the better understanding of finite element mod-
eling, how to control modeling errors, the safe use of the FEM in sup-
port of designing complex load bearing components and structures. There
are many good textbooks currently used for teaching the fundamentals of
finite element methods. There are also detailed users manuals available
for commercial software (ANSY'S). However, those sources are useful for
advanced students and users. Therefore, there was a need to develop a
tutorial that would supplement a course in basic finite element or can be
used by practicing engineers who may not have the advanced training in
finite element analysis. That is the gap addressed by this book.
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PREFACE

Finite element method (FEM) is a well-established technique for analyz-
ing the behavior of mechanical and structural components of systems. In
recent years, the use of finite element analysis (FEA) as a design tool has
grown rapidly. Easy-to-use commercial software have become common
tools in the hands of students as well as practicing engineers.

In the first volume of this tutorial, we demonstrated the use of ANSY'S
for Static Analysis of solid structures. In this volume we introduce the
following applications:

* Dynamic Analysis

*  Composite Materials

* Probabilistic Design

* Heat Transfer

* Design Optimization Problems.

The main objective of this book is to serve as a practical tutorial to
help the readers gain insight into appropriate use of finite element mod-
eling, understand how to control modeling errors, benefit from hands-on
exercise at the computer workstation, and understand the safe use of the
FEM in support of designing complex load-bearing components and struc-
tures. There are many good textbooks already in existence that cover the
theory of FEMs. Similarly, there are detailed user’s manuals available for
commercial software (ANSYS). But, those are useful for advanced stu-
dents and users. Therefore, there was a need to develop a computer session
manual in line with the flow of a course and utilizing a software platform,
ANSYS, that is available in most engineering schools. Students will be
able to acquire the required level of understanding and skill in modeling,
analysis, validation, and report generation for various design problems.

This book could also be very helpful for the students of senior design
(Mechanical System Design) and FEA for Large Deformation Problems.
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In addition, it could be used for computer sessions of short courses on
stress analysis techniques and FEA offered by Mechanical Engineering
departments.

After giving a brief introduction to the finite element analysis and
modeling, various guided examples have been included in this book.
Several new tutorials have been developed and others adapted from
different sources including ANSYS manuals in 2-volumes, ANSYS
workshops, and Infernet resources. Tutorials have been arranged in each
volume according to the flow of the course and covered topics, such as
solid modeling using 2D and 3D primitives available in ANSYS, dynamic
analysis (harmonic and modal analysis), and thermal analysis.



CHAPTER 1

DyNnAMIC ANALYSIS

Structural analysis is mainly concerned with finding out the behavior of a
physical structure when subjected to force. This action can be in the form
of load due to the weight of things such as people, furniture, wind, snow,
and so on, or some other kind of excitation such as an earthquake, shaking
of the ground due to a blast nearby, and so on. In essence all these loads are
dynamic, including the self-weight of the structure because at some point in
time these loads were not there. The distinction is made between the dynamic
and the static analysis on the basis of whether the applied action has enough
acceleration in comparison to the structure’s natural frequency. If a load is
applied sufficiently slowly, the inertia forces (Newton’s first law of motion)
can be ignored and the analysis can be simplified as static analysis. Structural
dynamics, therefore, is a type of structural analysis that covers the behavior
of structures subjected to dynamic (actions having high acceleration) load-
ing. Dynamic loads include people, wind, waves, traffic, earthquakes, and
blasts. Any structure can be subjected to dynamic loading. Dynamic analysis
can be used to find dynamic displacements, time history, and modal analysis.

A dynamic analysis is also related to the inertia forces developed by a
structure when it is excited by means of dynamic loads applied suddenly
(e.g., wind blasts, explosion, and earthquake).

Dynamic analysis for simple structures can be carried out manually,
but for complex structures finite element analysis can be used to calculate
the mode shapes and frequencies.

1.1 TUTORIAL 1: HARMONIC ANALYSIS
OF STRUCTURE

In this tutorial, the harmonic analysis of a cantilever beam will be
addressed. Harmonic analysis is used to determine the response of a
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structure to harmonically time-varying loads. This tutorial was created
using ANSYS 7.0. The purpose of this tutorial is to explain the steps
required to perform harmonic analysis on the cantilever beam shown as
follows.

I0.0I m

| D
> 0.01 m

NN

1.0 m

Modulus of elasticity (E) = 206800(10°) N/m?2

Density = 7830 kg/m3

We will now conduct a harmonic forced response test by applying a
cyclic load (harmonic) at the end of the beam. The frequency of the load
will be varied from 1-100 Hz. The following figure depicts the beam
with the application of the load.

/ Cyclic load
/ Magnitude: 100 N

Frequency range: 1-100 Hz.

ANSYS provides three methods for conducting a harmonic analy-
sis. These three methods are the Full, Reduced, and Modal Superposition
methods. This example demonstrates the Full method because it is simple
and easy to use as compared to the other two methods. However, this
method makes use of the full stiffness and mass matrices and thus is the
slower and costlier option.

1.1.1 STEP-BY-STEPANSYS SOLUTION
1.1.1.1 Preprocessing: Defining the Problem

Student should be able to make simple cantilever model himself or other-
wise use the following command list:
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1.1.1.2 The Command Log File

/TITLE, Dynamic Analysis
/FILNAME,Dynamic,0 ! This sets the jobname to “Dynamic”
/PREP7

K,1,0,0

K,2,1,0

L,1,2

ET,1,BEAM3
R,1,0.0001,8.33¢-10,0.01
MP,EX,1,2.068¢11
MP,PRXY,1,0.33
MP,DENS,1,7830
LESIZE,ALL,,,10
LMESH,1

FINISH

1.1.1.3 Solution: Assigning Loads and Solving

1. Define analysis type (Harmonic)
Solution > Analysis Type > New Analysis >
Harmonic ANTYPE,3
2. Set options for analysis type
Select Solution > Analysis Type > Analysis Options.
The following window will appear.
As shown, select the Full Solution method, the Real + imag-
inary DOF (degrees of freedom) printout format and do not use
lumped mass approx. Click “OK”

The following window will appear. Use the default settings
(shown as follows).
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1 Full Harmonic Analysis [ ]

3. Apply constraints
Select Solution > Define Loads > Apply >
Structural > Displacement > On Nodes
The following window will appear once you select the node
at x=0 (Note small changes in the window compared to the static
examples):

* Apply U,ROT on Nodes

All DOF
T

B
=

Constrain all DOF as shown in the above window.
4. Apply Loads
Select Solution > Define Loads > Apply > Structural >
Force/Moment > On Nodes

Select the node at x=1 (far right). The following window will
appear. Fill it inas shown to apply a load with a real value of 100
and an imaginary value of 0 in the positive “y” direction.
Note: By specifying a real and imaginary value of the load we are
providing information on magnitude and phase of the load. In this
case the magnitude of the load is 100 N and its phase is 0. Phase
information is important when you have two or more cyclic loads
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being applied to the structure as these loads could be in or out
of phase. For harmonic analysis, all loads applied to a structure
must have the SAME FREQUENCY.

i Apply F/M on Nodes B

5. Set the frequency range
Select Solution > Load Step Opts > Time/Frequency
> Freq and Substps...

As shown in the following window, specify a frequency
range of 0-100 Hz, 100 substeps, and stepped b.c. By doing this
we will be subjecting the beam to loads at 1 Hz, 2 Hz, 3 Hz, .....
100 Hz. We will specify a stepped boundary condition (KBC) as
this will ensure that the same amplitude (100 N) will be applied
for each of the frequencies. The ramped option, on the other hand,
would ramp up the amplitude where at 1 Hz the amplitude would
be 1 N and at 100 Hz the amplitude would be 100 N.

1 Harmonic Frequency and Substep Options

You should now have the following in the ANSYS Graphics
window
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J\ ANSYS Graphics eplot Bl =] E3

1
ELEMENTS

Dyvnamic Analysis

6. Solve the system
Solution>Solve>CurrentLS
SOLVE

1.1.1.4 Postprocessing: Viewing the Results

We want to observe the response at x=1 (where the load was applied)
as a function of frequency. We cannot do this with General PostProcess-
ing (POST 1); rather we must use TimeHist Post-Processing (POST26).
POST26 is used to observe certain variables as a function of either time
or frequency.

1. Open the TimeHist Processing (POST26) Menu
Select TimeHist Postpro from the ANSYS Main Menu.

2. Define variables
Here we have to define variables that we want to see plotted.
By default, Variable 1 is assigned either Time or Frequency. In our
case it is assigned Frequency. We want to seethe displacement UY
at the node at x=1, which is node #2. (To get a list of nodes and
their attributes, select Utility Menu > List > nodes.)

Select Time HistPostpro> Variable Viewer...
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And thefollowingwindow should pop up:

Time History Variables - .\ Dynamic.rst 2 £
Fie Hep
) | 18 ] & &) @ foe BESE ampruge ]

Aasl.mu]x*zl 1 | 2 | 3
NT1
| foofen] o | :

mm=zm

Select Add (the green “+” sign in the upper left corner) from this
window and the following window should appear:

Add Time-History Variable |

— Result ltem

Favorites -
¢ Nodal Solution
@& DOF Solution
g X-Component of displacement

= Y-Component of displacement

i Z-Component of rotation
v
| »|

(T CHrare

<

— Resultltem Properties

Variable Name |UY_2

0K | Apply | Cancel | Help |
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