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* Normal Modes Analysis: Basics
* Why is it Useful

* How it Works
* Principle of Orthogonality
* Strain Energy
* Mass Participation

* Available Resources
* Next Training Opportunity on October 15-19, 2012
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Linear Dynamics: EOM m@_g +C@+ku=r(t)
ot ot

o%u

712 +ku =0

Eigenvalue problem: undamped free vibration: m

Assuming a solution of the form: = uo sinmt

Then: [k - mzm]{uo =0

For non-trivial solutions (i.e., solutions that are more than just zeros):

[k — (Dzm] — O Giving us the well know frequency relationship: () = ,|—
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Why it is Useful: Just Basic Goodness of Normal Modes
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Why it is Useful: Just Basic Goodness of Normal Modes
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Why it is Useful: PSD Analysis
(Frequency Domain Analysis)

v’ Fatigue

v Wind Turbine

v" Air flow over a wing

v’ Acoustic Input from Jet Engine Exhaust

v’ Earthquake Ground Motion

v Wheels running over a Rough Road

v Ocean Wave Loads on Offshore Platforms
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Why it is Useful: Earthquake Analysis
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Why it is Useful: Modal Frequency Sweep

200 m

All Rights
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Why it is Useful: NVH

SIEMENS
Mercedes Usage of NX Nastran

Larger fU" Vehl

Ore in

OUstics, g h bl lty, Ia'gtuons

cle mOdels

Siemens PLM Software
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Normal Modes / Eigenvalue problem: undamped free vibration

let:
k K o1y =1000/0.0435
m=100

k 23 000 NX Nastran reports frequencies in cycles
W= W/_ = |———=15.16 ray per second. Hence, 15.16 radians/sec is
m 100 Sec

equal to 2.41 cycles/sec.

Example Model: Normal Modes Validation Start.modfem
Simple CBUSH with Mass Element
Focus: Units | Theory | Why Only Three Modes?
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Normal Modes / Eigenvalue problem: Principal of Orthogonality

» Even basic normal modes analysis
can be confusing

» Basic beam model with a pinned
support is interrogated

» lIs it logical?

» Why are there double modes?

Example Model: Simple Beam - Principal of
Orthogonality.modfem
Analyze | Change B.C.s | Double Modes

All Rights Res
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Normal Modes / Eigenvalue problem: Strain Energy Density

» To improve the dynamic N
performance it is often as simple as — ‘
moving the first mode to a higher
frequency

» Normal modes is all about stiffness

......

and mass
» Strain energy tells you where to add
stiffness
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Output Set: Mode 1, 10.5 Hz
Deformed(1.718): Total Translation
Elemental Contour: Strain Energy

Example Model:Radioframe Networks GR-63-Core
Seismic Analysis. MODFEM

Show Strain Energy | Discuss How Improvements
Were Made | CORE-GR-63 Zone 4 Seismic
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Normal Modes / Eigenvalue problem:
Mass Participation and Frequency Sweep Analysis

» Mass Participation Tells you what is
important
» Expand around significant modes

Y, X

Output Set: Mode

1, 4212179 Hz
A Deformed(165.1): Total Translation
Elemental Contour: Total Translation

All Rights Re M
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Normal Modes / Eigenvalue problem:
Mass Participation and Optimization

» Mass Participation Tells You Heaps

» Optimization is often best done by
intelligent inspection

» Don’t expect miracles from
computer programs

Example Model: Coors Tek Paper Mill Forming
Board - Original Design - Start.modfem
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Normal Modes / Eigenvalue problem:
TOSCA Optimization
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Bead optimization of a muffler to increase frequencies & e

Our Solutons IO ies? -

Applications

The dynamic behaviour of a muffler of an automotive fuel gas ® TOSCA
Research Projects system had to be improved. Thus, bead stiffeners had to be Structure bead
implemented to increase the first and second eigenfrequency
of the exhaust muffler. To ensure the producibility of the part,

manufacturing restrictions had to be considered.

r solution: Bead opt at

n using TOSCA Structure.bead

The selection of the correct bead pattern is often very diffcult as many load cases have to be
considered. Optimization with TOSCA Structure.bead automatically generated a bead layout
based upon the results from finite element analysis. The resulting bead pattern maximized the
first eigenfrequency with a maximum bead height of 5 mm. Manufacturing restrictions were

as for the task

Benefit for

omer

Using TOSCA Structure.bead the desired structure could be derived in a very short time and

saved time-consuming trial-and-error processes. All restrictions were directly included in the

layout process which prevented subsequent rework. After only three FE-Analyses TOSCA
Structure.bead automatically generated an optimum bead layout and verified the modifications
The frequencies of interest could be increased from 280 Hz to 520 Hz (first natural frequency)
and from 340 auf 570 Hz (second natural frequency). Thus a significant improvement of the
acoustic and dynamic behaviour (in particular the noise disturbance) could be achieved.
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Normal Modes / Eigenvalue problem: Resources

» NX Nastran Documentation

» Predictive Engineering Website

» Be Inquisitive — we have lots of
expertize to leverage
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nalysis work is rarely done because
we have spare time or are just curi-
ous about the mechanical behavior

ofa part or system. s typically per-
formed because we are worried that the
design might fai in a costly or dangerous
‘manner. Depending on the potential fail-
ure mode our anxiety might not be too
high, but given today’s demanding OEMs
and itigious public, the task could involve
high drama with your name written all
overit.
f youve done analysis, you're com-
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Linear Dynamics
for Everyone: Part 1

lesign

fortable with the a-
tic stress analysis; you define the Londing
and boundary conditions, and identify
success with a model bathed in soothing
tones of gray and blue with nary a red re.
gion to be seen. However, in the back of
your mind you might wonder about that
large vibrating motor or the plant ma-
chinery that hums at a constant 12.5Hz.
Alternatively, maybe you have an elec-

the side of a building in an earthquake-
prone region and your boss is question-
ing your bracket design. Whatever the
case, you have the static world under con-
trol. What about the rest?

In this series of rticles, we'll briefly re-
view dynamic analysis fundamentals and
see how they can easily be applied to

16 D Apr20os

rock solid in the face of dynamic events,
whether simple vibrations, earthquakes,
or even rocket launches,

KEEPING IT SIMPLE

Static stress analysis is the proverbial
“walk-in-the-park” for most people do-
ing analysis work. It feels straightforward:
weapply a fixed load and examine the re-

1 N ) & e 129% . Lo

Ba

Bookmarks *
Options *
=8 Contents
] Proprietary & Restricted Rights Notice
E Contents
£ About this Book
#{] 1. Fundamentals of Dynamic Analysis
=[] 2 Finite Element Input Data
@] 3. Real Eigenvalue Analysis (SOL 103)
@[] 4. Rigid Body Modes
=8 ?( ;requency Response Analysis (SOLs 108 and

= 6. Transient Response Analysis (SOLs 109 and
112)

%[ 7. Enforced Motion

@] 8 Restarts in Dynamic Analysis

=£] 9. Plotted Output

#[E] 10. Guidelines for Effective Dynamic Analysis

@[] 11. Advanced Dynamic Analysis Capabilties
£ A Glossary of Terms

=] B. Nomenclature for Dynamic Analysis.

@[] C. The Set Notation System Used in Dynamic

alysis

] D. Solution Sequences for Dynamic Analysis
=] E Case Control Commands for Dynamic Analysis.
@[] F. Bulk Data Entries for Dynamic Analysis
1 G. Parameters for Dynamic Analysis
@[] H. File Management Section
=] 1. Numerical Accuracy Considerations
@[] J. Grid Point Weight Generator
£ K Diagnostic Messages for Dynamic Analysis
=] L References and Bibliography

NX Nastran 8
Basic Dynamic Analysis User’s Guide




