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Learning Objectives
o Simplifying CAD for vibration analysis
e Understanding loads and constraints for vibration analyses

e Differences between simulation products for vibration
e Results interpretation of vibration simulation

Description

Vibration is a part of every design. It’s up to us to decide how much to consider its effects. Autodesk
Simulation tools include analyses to take into consideration a wide range of environments and design
objectives. This class will review in detail the various workflows, input requirements, and output results
for Autodesk Nastran In-Cad and Simulation Mechanical. By knowing the vibration analysis workflows,
users can gain a great understanding of their products behavior in various environments.

Each analysis type has a unique type of output that will be covered. Of special attention will be for
options that need to be setup prior to the analysis that has an effect on the output. Items like the
“cluster factor” and response spectrum combination methods can be explored in-depth.

Customization is a key feature in Autodesk Simulation. Configuring the interface, custom geometry
parameters, and optimized results (including modal frequencies) can be done. Flexibility is also
imbedded to schedule analyses locally or on the cloud. By customizing the simulation software, a user
can streamline different product workflows and enable creation of new ones that can improve the
company works. The workflows might range from proving existing designs or modifying prototypes to
reduce costs.

Your AU Experts

After completing his physics and master’s degree in mechanical engineering, Allen worked in the
dynamics area in the aerospace industry. In addition, Allen has over 30 years of finite element analysis
experience. He is a registered professional engineer in Pennsylvania.
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Simplifying CAD for vibration analysis

What’s Important?

Lumped masses, beam elements, remote load applications, among others, can be used to simplify
geometry to achieve the most efficient analyses, and usually the most appropriate. Simulating the mass
effects of a battery in a system can be automatically included.

Geometric simplification

This includes lumping masses to a certain location, as well as overall looking at the stiffness of
the model and how to get accurate mode shapes. Generally, simplifying models is the same as
simplifying them for linear static analysis, but in dynamics, we are mainly concerned with the
overall stiffness of the assembly or part.

FIGURE 1: THE FINISHED PRODUCT AND THE SIMPLIFIED MODEL
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Other element types

Beam and plate elements can greatly reduce the time and effort of the project, while being very
accurate. We will explore the various element types to be sure there are no questions
unanswered.

FIGURE 2: SPREADER ARM RANDOM VIBRATION ANALYSIS

Understanding loads and constraints for vibration analysis

The various input loads

The input loads are very different from the typical loads applied in a linear static stress analysis. They
can be time dependent loads or loads that describe the type of environment the part is subjected to,
such as a random vibration.

What constraints you can and can’t include
Constraints are typically the same as in linear stress, except that contact is not included in linear
dynamic analyses. Contact is not included in any linear dynamic analysis.

Differences between simulation products for vibration

Nastran In-Cad

Nastran In-Cad extends the capabilities beyond Inventor Professional by adding dynamic analyses.
These are very comparable to simulation mechanical analyses, so we mainly recommend a more in-
depth dig into these for specific options, or contact us.

Simulation Mechanical

Simulation Mechanical has a wide range of vibration capability which we will explore. We will dig into
the specific options that are common in these types of analyses such as combination types in response
spectrum analysis, but we won’t go as far as comparing these to Nastran In-Cad. We will point you to

the resources you need to look into any analysis options as necessary.
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Results interpretation of vibration simulation

Analysis Input/Output options

Each analysis type has a unique type of input and therefore different output options that should be
covered. Of special attention will be for options that need to setup prior to the analysis that has an
effect on the output. Items like the “cluster factor” and response spectrum combination methods can
be explored in-depth. How each analysis outputs results such as time dependent, individual modal
contributions, and SRSS will be reviewed.

Additional results tips and tricks

WEe’ll cover the various options when reviewing results. Tips and tricks for animation of results, how to
view the specific outputs from the different analyses (SRSS response, individual modal results, plotting
results, etc.).

Modal Analysis

Why run it?

This gives you a better idea of the stiffness of the part or assembly. Why not? Structures are exposed to
vibration no matter what. With modal analysis you obtain a clear view of what obstacles are there.
Lumped masses, beam elements, remote load applications, among others, can be used to greatly
simplify geometry to achieve the most efficient analyses, and usually the most appropriate. Simulating
the mass effects of a battery in a system can be automatically included with features such as “remote
loads”.
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Analysis Parameters - Natural Frequency (Modal)

General l Solution l Outputl Advanced l Contact]
Settings

Mumber of frequencies/modes to
calculate

Lower cut-off frequency

Upper cut-offfrequency

[ | Rigid body modes are expected

Include rotational mass for beam elements

20
0 cycles/s
0 cycles/s

ok || cancel || Help

Reset From Default ] [

Reset From Model

FIGURE 3: MODAL ANALYSIS CONTROLS

Modal analysis output

Mode shapes and natural frequencies are the main output, but this really sets you up for a successful
dynamic restart analysis. This is where you do most of the work in determining how stiff or flexible you

want your structure.
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FIGURE 4: MODAL ANALYSIS MODE 1
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FIGURE 5: MODAL ANALYSIS RESULT OIPTIONS

Time History Analysis

When you want to simulate short-term events

Impact loads, jumping or walking on a structure or any other time dependent loads, can be input to see
the behavior of the structure. Linear and nonlinear dynamic simulations can possible which we will
describe by the end of this class. Damping can be applied to simulate real world situations.

Input

The loading is in the form of force versus time generally, but ground motion can also be applied.
This is typical in a situation where acceleration is applied to the entire structure. Translation or
rotational acceleration can be applied. An example would be accelerating a structure down a
railroad or a rotational acceleration applied to a robotic arm (or pitcher). Control of the amount

of output is easily setup.
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Analysis Parameters - Transient Stress (Modal Superposition)

Use modal results from design scenarioc 5

Loads | Options | Outputl

Event
Number of time steps 2000
Time-step size 0.om | s
Output interval 1 .

Load Curves Setup

[ Load Curves... ]
Damping
Damping Factor (Fraction of 0.02
Critical)
Percent memory allocation 50 =1z

FIGURE 6: TIME HISTORY MAIN CONTROLS
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Modal Loads
Dynamic Load Data
Index  |Node Number Load Curve Type |XScale |Y Scale |ZScale |Activation Time (s)
1 44 1 0 a 0 -1 0
4 (1l 4
l Add Row ] [ Delete Row I l Sort l Import... I l Export I
[ OK I [ Cancel I [ Help I Reset From Model [ Reset From Default ]
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Load Curve Input.
L Load Curve ldentification
1-Load Curve 1 -] M
D Titte Load Curve 1 [ﬂ]
Load Curve Form
Time (s) Factor
@) Piecewise Linear 200 0 5
H 0.005 200
Copy Curve 160 0.01 200
140 0.015 0
; ) g
Shift Curve T,
100
() Sinusoidal 80
F H 60
requency (Hz) -
20
Phase Angle 0
[ ] 00 05 10 15 20
Number of Steps
’—| Insert Row " Delete Row ]
Time step *Min xMax yMin yMax Import " Export ]
Amplitude
: I OK I I Cancel ] ‘ Apply ‘ ’ Help l i
—

FIGURE 7: TIME HISTORY IMPACT CURVE
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.
Analysis Parameters - Transient Stress (Modal Superposition) m
Event Load Curves Setup
Number ofime steps 2000
! ! Load Curves... ]
Time-step size 0.00 5
Outputinterval 1 Damping
Damping Factor (Fraction of 0.02
Critical)
Use modal results from design scenario 5 Percentmemory allocation 50 T %

Loads Options lOutput]
Calculation Controls

[ | Disable calculation and output of strains

@orﬂype Translaﬂo> l Setup...

0K ] l Cancel l l Help Reset From Model l l Reset From Default

FIGURE 8: TIME HISTORY GROUND MOTION

Output

The output is displacement and stresses over time. Graphs can be generated easily to see the
response of any area over time. Animations of the response over time can be easily viewed or
output. At each time step, results can be viewed and output to a report.
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FIGURE 9: TIME HISTORY DISPLACEMENT OUTPUT
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Response Spectrum Analysis

Shock and Impact applications

Earthquake, seismic activity, explosions, unknown events are some of the likely applications for a
response spectrum analysis. This allows you to study the effect of the shock to the overall structure but
also the individual modal contributions. Lumped masses, beam elements, remote load applications,
among others, can be used to simplify geometry to achieve the most efficient analyses, and usually the
most appropriate. Simulating the mass effects of a battery in a system can be automatically included.

Input

The loading is in the form of acceleration or displacement vs frequency or period. Otherwise
known as shock analysis, this input represents the amplitude given to any particular mode shape
when excited. A single degree of freedom input is automatically generated.

Response Spectrum Analysis Input

Use modal results from design scenario E

Title Response Spectrum |:| Generate Response Spectrum
Input Spectrum Type Factors Output
(") Displacement vs. Period XDir 0 e
Y Dir 0 (T NRC Reg. Guide 1.92
I Acceleration vs. Period .
Z Dir 1 | Modified Procedure
@) g vs. Period
Cluster o [ |Madal Effects
Response Spectrum Parameters
Oscillating Frequency (Hz) 0 Damping Ratio (0.01 = 1%) 0.001
Scale Factor 1
50
40
30
o
20
10
0

000 002 004 006 008 010

Period (s) l

Insert Row H Delete Row l

*Min *xMax yMin yMax l Impart H Export l

OK ]l Cancel ] Apply

FIGURE 10: RESPONSE SPECTRUM INPUT AND COMBINATION OPTIONS
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Output

An SRSS of the individual modal contributions is output to show the maximum response.
Individual modal responses can be viewed. Output for modal participation factors is output to
log files for report generation. Different combination methods are available for the SRSS result.
Note that the below image is all positive displacement (after squaring all modes).
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Componem' onstraints ‘% Element Orientation ~ g Show Wireframe During Movement v n Background Image T Showcase Save Image
N Analysis Specific View v View Settings v Other | Load Case Options Captures v
_——— 0¥
=@ %
[EFEREGiGH & Results T
1< Design Scenario 1 > i EIENGTN
[ 2< Design Scenario 2 > 0.002343342 i :,,% 7»'
3< Design Scenario 3 > Q0PI i
8 & 0.001874673
-{E] 4< Design Scenario 4 > 0.001640339
5< Modal > 0.001406005
6< Transient Stress > 0.001171671
= 0.0009373367
=[] 7< Response Spectrum > 00007030025
(-2 Unit Systems < English (in) > 0.0004686684.
Analysis Type < Response Spectrum > g.umzam42
=L Parts
) 1 < Beam >

| #(73 <Plate >
=% Contact (Default: Bonded)

& Selection Groups
[T Presentations
=+ Saved Presentations
{2 Deformed Shape
{& Displacement
@) Saved Slice Planes
-5, Filter Modules
1,4+ Coordinate Systems

2+ Global

- Element Local
8< Random Vibration >
-] 9< DDAM >
10< Frequency Response >
-[3 11< Buckling >

FIGURE 11: RESPONSE SPECTRUM RESULTANT MAXIMUM DISPLACEMENT
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Random Vibration Analysis

White Noise to Specific Inputs

Random vibration lets you study everything from a white noise to a specific spectrum that mimics the
environment. Random vibration from operating the boat as sea, or pulling a trailor on the road can be
analyzed. This is even more reason to simplify the model to its main aspects. Again, which modes
contribute to the overall response can be determined. Many qualification tests are performed using
random vibration analyses and tests.

Input

The loading is in the form of g”*2/hz (or acceleration”2) vs frequency excitation. This input is
into the entire structure typically to simulate whatever vibration environment exists. A typical
analysis may simulate a random vibration test where the input is fully known or one where a
typical environment is an extreme.

Random Vibration Analysis Input

Use modal results from design scenario 5|

Input Power Spectrum Density (PSD) Type Cluster 0

(@) Accel Squared/Hz vs. Freq (Hz) () g Squared/Hz vs. Freq (Hz)
Damping 0.001

Modal Spectral Matrix Calculation

(@) Approximation Method (") Std. Numerical Integration Method Naone -

Random Vibration Input Spectrum

1- Input Spectrum 1 V] MNew
D |1 Title InputSpectrum 1

Excitation Type
Power Spectrum Density Cross-Spectral Density
()X Direction ()Y Direction (@) Z Direction (IXandY ()YandZ (JZandX
Frequency (Hz) |Amp|itude {(infs%3Hz)
12 5 0.01
= 10 ., N\, 200 1125
N - N
L [ N 300 1125
w08 I \ 005
S 06 N
S o4 l N
T o I \
< \
0.0
0 500 1000 1500 2000
iEeguencylibis) l Insert Row " Delete Row l
xMin xMax yMin yMax l Import " Export l

I OK ]l Cancel l Apply
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FIGURE 12: RANDOM VIBRATION INPUT INFORMATION

Output

The output is an SRSS of the individual modes Displacements and stresses are available. Being
an analytical tool, random vibration lets you look at what the maximum vibration amplitude will
exist during exposure to the loading.

Resuiis Contours  Results Inquire (IGO0 % Learn  Comr
K) 4 Element Visibility ~ 123 Show Numbers ~ C@ “## Transparency Level % TS ‘ o8B %8 |28
Show Internal Mesh (@) Shrink Elements " Lighti Animate ~
Resultant oads and ! Slice Planes Tools ..{4 Load Case ~ Export to .
onstraints '*&" Element Ori ion ~ |'9 Show During | M E Background Image T Showcase Save Image
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[e——— ol |
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FIGURE 13: RANDOM VIBRATION INDIVIDUAL MODAL RESPONSE
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DDAM Analysis

Dynamic Design Analysis Method Inputs
Input accelerations are calculated internally according to this method and input to response spectrum
analysis. Alternatively, an input spectrum can be read in for use.

Input

The loading is in the same form as the previously described response spectrum analysis. The
input spectrum type can be selected from a few choices, allowing for the conservative analysis
result.
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Analysis Parameters - Dynamic Design Analysis Method (DDAM) 1s P
Use natural frequency results from design scenario 5
General ‘ Gra\fityl Solution l Outputl Optional l Advanced l
Specifications
Type of ship [Surface v]
Mounting locations [Attachedto deck v]
Shock uses Vertical spectrum only v] &
Type of material [Elastic v]
N &
0K l ’ Cancel ] ’ Help l [ Reset From Default Reset From Model

FIGURE 14: DDAM INPUT SETUP SCREEN

Output

The in-phase and out-phase are output as well as the SRSS of the 2 are output for each exciting
input frequency. An In-phase and/or Out-phase plot can be output for a range of input
frequencies. Additional output includes mass participation factors to show whether enough
modes have be included in the solution.

Frequency Response Analysis

Typical Applications

Inputting just the engine frequency into the structure to simulate idle conditions is perfect. We want to
be sure that the deck is not exciting any modes, but also want to be sure the it’s not exciting any
harmonics along the way. Trying out the operating frequency is not a bad idea either.
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Input

The loading is in the form of a frequency and amplitude that | usually refer to as a*sin(w*t). You
can input an exciting frequency at certain locations, or input a “sine sweep” excitation which is a
set of frequencies. Amplitudes and damping can be input for a range of frequencies.

-

Frequency Response Analysis Inpu

Use modal results from design scenario E— = Reset From Model
Cluster Factor for Matural Frequencies 0 Reset From Default
|| Consider loads ofthe Same Frequency
Excited Nodes | Exciting Frequencies | Damping Ratiosl Amplitudesl Outputl
1-Node Set 1 ~| il ll Title Node Set1 ﬂ E
|Node Number |Load Type ‘Load Direction ‘Frequency Index |Sca|e Factor |Phase Shift (De... ‘
1 52 Force Input Z Direction 1 1 a
I
0K ] [ Cancel Apply Help

FIGURE 15: SETTING UP THE INPUT LOCATION
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-

Frequency Response Analysis Inp

Use modal results from design scenario 5 Reset From Model

Cluster Factor for Natural Frequencies o} Reset From Default

[ | Consider loads ofthe Same Frequency

Excited Nodes Exciting Frequencies | Damping Ratiosl Amplitudesl Outputl

[1-Freq|ndex1 v] +| X| Title Freqlndex1 DlncludeNaturaIFrequencies

Frequency (Hz)
450

@ @ |4 |4

OK | [ Cancel Apply Help

FIGURE 16: FREQUENCY RESPONSE EXCITING FREQUENCIES
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Frequency Response Analysis Input
Use modal results from design scenario 5 = Reset From Model
Cluster Factor for Natural Frequencies o} Reset From Default
[ | Consider loads ofthe Same Frequency
Excited Nodes | Exciting Frequencies Damping Ratios | Amplitudesl Outputl
Frequency (Hz) |Damping Ratio | — ; ; ; ;
5 0.02 0'0220_:- ------ E""""E""-"E- ------- E"
2000 0.02 00215 ------- A TR T
s 0.0210 = ------ e e rommee-
£ 0.0205 4------ ——————— ——————— ———————
- @ = : : : :
] £ 0.0200 + : : : +
o = | | | |
5§ 00195 f=------ A L S -
@ a = : : : :
== 0.0190 4=------ R E CETTEEE BERRERS -
0.0185 4=~~~ joo R
E =
— 0.0180 R ]
0 500 1000 1500 2000
Frequency (Hz)
OK ] [ Cancel Apply Help I

FIGURE 17: DAMPING RATIO INPUT
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-

Frequency Response Analysis Inpu .
Use modal results from design scenario 5 = Reset From Model
Cluster Factor for Natural Frequencies 0 Reset From Default

[ | Consider loads ofthe Same Frequency

Excited Nodes | Exciting Frequencies | Damping Ratios

Frequency {Hz)lAcceleraTjon (. | Force (Ibf) | Show graph of @ Acceleration ) Force
5 0 350
2000 0 350 1.10e-32 ------t------4------- e o
105832 f - --h-meo jomeenes e 2
= = - | | i
E — 1 1 1 1
| =] = I | | |
T 1.00e-32 : : : :
o B ! ! ! :
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< . | | |
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E SR
— B | SRR AN AR R
0 500 1000 1500 2000
Frequency (Hz)
OK ] [ Cancel Apply Help I

FIGURE 18: FREQUENCY RESPONSE INPUT LOADING MENU

[@)‘ AUTODESK UNIVERSITY 2015 21



*Shaking All Over — Using simulation to understand vibrating products

Output

The in-phase and out-phase are output as well as the SRSS of the 2 are output for each exciting
input frequency. An In-phase and/or Out-phase plot can be output for a range of input
frequencies. The output shows which predominant mode or modes are being excited and
therefore which to redesign.
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8< Random Vibration > 44379918005
[ 9< DDAM > 2218995005

=] 10< Frequency Response > J

[5] Analysis Type < Frequency Response >
=g Parts
@) 1 < Beam >
() 3 < Plate >
- Contact (Default: Bonded)
& Selection Groups
=B Presentations
= 1 < Displacement >
Mirror Planes
~(@ Slice Planes
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/3 Embedded Presentations
=+ Saved Presentations
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&) Saved Slice Planes
T, Filter Modules
=1+ Coordinate Systems
J» Global
-} Element Local
11< Buckling >

FIGURE 19: FREQUENCY RESPONSE RESULTANT OUTPUT
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Nonlinear Dynamics

Contact can now be considered

Nonlinear dynamics can allow for contact including surface and impact plane contact. Larger motion can
now be included. Snap-fit, drop tests, body to body impacts are applications for the Nonlinear MES
analysis type. Additional simplifying of the model can be accomplished with kinematic elements which
act as rigid bodies.

Input

The loading is similar to the linear transient stress analysis where forces or displacements can be
input over time, and also includes Initial velocities. Geometric and material nonlinearities can
now be included, which may exist in thin walled parts or local stress concentrations. Nonlinear
materials such as stress strain curves for metals or rubber type can be defined.. Contact can be
defined between parts including large sliding.

! 2/!& AUTODESK UNIVERSITY 2015 23



“Shaking All Over — Using simulation to understand vibrating products

-

| 5

|
Analysis Parameters - MES with Nonlinear Material Models | @ RS J
Starttime =0 s | Reset From Model |
Totaltme=1s
Total number of steps = 20 [ Reset From Default ]

Event | Load Curves | Gravity}AcceIerationl Thermal | Electricall Fluid Reactjonsl Outputl

Step input |Number of tmeSteps._ v |
/ —\
‘ Insert Row

Duration (s) |Number of time steps |To | time (s) ‘Total steps
. L : B[ saaron ]
\ / Delete Row

Apply Cancel l l Help Advanced

T . A9 T - [] - I

FIGURE 20: CONTROLLING THE EVENT
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P

Analysis Parameters - Plot of Load Curve

Multiplier(s)

Description

Load Curve

1.0 1

0.9 +

0.8

0.7

0.6

0.5 1

0.4 S

0.3

0.2

0.1

0.0 +

[T

Time (s)

Print I l Export

Output
Output is time dependent stress and displacement over time. Displacements are now by default
true displacement in order to see large motion over time. Output during impact or other short
time duration events can be output in great detail. Automatic convergence that is used in the
solver allows for all time steps to be seen.

FIGURE 21
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