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Introduction

Random vibration is vibration which can only be
described in a statistical sense. The magnitude at TSUNAMI HAZARD ZONE
any given moment is not known, but is instead
described in a statistical sense via mean values and
standard deviations.

Random vibration problems arise due to
earthquakes, tsunamis, acoustic excitation (e.g.,
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rocket launches), wind fluctuations, or any loading IN CASE OF EARTHQUAKE. GO
which is inherently random. Often random noise TO HIGH GROUND OR |NU'\ND

due to operating or transporting conditions can also
be considered. These random vibrations are usually
described in terms of a power spectral density (PSD)
function.
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The PSD Function

The input for random vibration problems is usually in the form of a power spectral density (PSD) function.
The PSD function is dimensionless. The acceleration is divided by the acceleration of gravity:

G_9_ accelerati on . dimensionless

g gravity
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An acceleration of 10 G means that the
acceleration has a magnitude that is 10 times / \
greater than the acceleration of gravity. A / \

sample PSD curve is shown on the right. For / \
a given frequency, the PSD input in given.

PSD G”2/H
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The NX Nastran Method

Given an input PSD function, an output response can be calculated by using the systems transfer function.

PSDOut — ‘g(a))‘ZPSDIn

The & (&)) represents the system transfer function. A systems transfer function simply represents its
output to input ratio. NX Nastran performs a frequency response analysis on the system to obtain the system
transfer function, and then does the random vibration analysis as a post processing step based upon this
transfer function.
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There are several steps to setting up the analysis in Femap:

Specifying output groups for nodal and elemental output
Setting up the Analysis in the Analysis Manager

1. Creating a Load Function

2. Defining the system damping

3. Creating the PSD Function

4. Creating a Modal Frequency Table or Requested Solutions Function
5. Creating the excitation node and tying it into the model

6. Loading the Model

7. Constraining the Model

8.

9.
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Example: Cantilever Beam
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Random Vibration Analysis

Problem Definition

A cantilevered beam 5 inches in length
1s used to support a 0.50 1b mass. Our
objective is to determine the dynamic
stresses and fatigue life of the beam for
vibration along the vertical axis.

The FEA model is a single beam
element. A picture of the beam
clement, with its cross section
displayed is shown on the right.

We will compare the FEA results to an
analytical solution¥. The PSD input
(PSDyy) function used by Steinberg was

PSD;, = 0.2 G?/Hz

This excitation was applied to the fixed
end of the beam (where the rectangle is
drawn).

Our unit system is 1b/in/s and
1 g=386in/s?.

¥ Steinberg, Dave S. Vibration Analysis for Electronic Equipment. 2nd ed. New York: John Wiley & Sons, 1988. 226-231.

0

s

0.50 1b Point Mass

7| 29
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Analytical Solution

A cantilever beam with the dimensions previously given and an end load of 0.5 1bs
experiences an end deflection of:

L
v, =L _gOIE-4in
3EI

Based upon this end deflection, the beam’s resonant frequency can be calculated as:

1
f=— |5 =110.5 He.
27\ ¥,

For a beam, the transmissibility can be approximated as:

0=2f, =21

Mile’s equation can be used to approximate the G ,(RMS) value:

G = \/% PSD, - f.-Q =27.0

This output is in G. If an equivalent value is desired in english units, simply multiply this by

it . .
gravity 276G = 27 w * gravity = 10,422 m’/sz

gravity

The max output PSD can also be obtained using:

PSD,,,=Q”-PSD,, =21%-(0.2-G*) whereG=1g or 386in/s’

In English units, the max. PSD_, = 13.14e6 in%/s*. This can also be verified against the

FE Model.

8|29
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A7 TTTAN Random Vibration Analysis
ineering
4 functlons must be Created in [ B " Function Definition - @M
deﬁnlng the anaIYSIS- The ID 1 Title Load Value vs Frequency Type 3..vs. Frequency -
fiI'St that w¢E Wlll CI'C&'[G iS the X -Frequency ¥ -Factor [ % Axis Log Scale [T ¥ Axis Log Scale
load function. Feger
1.75 H
15 4
The Load function consists of 2]
. . 75 4
two points: (0,1) & (1,1). P
This function essentially e I
deﬁnes a Constant load aCross 0. 0.1 0.2 0.3 04 0.5 06 07 0.8 DF?equen-Ic;_.r
all frequencies. pRmENTY
@ single Value () Edit Phase (X) Add | CopyFunction... | GetuvPlotDatz
I::':I Lnear Ramp I::':I Edit Magnitude () belia® |1 Update [ Load from Library... ] [ Paste from Clipboard ]
© Equation © Pertodic i [ Save to Library ] [ Copy to Clipboard ]
T v
Tax Ta Y ’ oK ] [ Cancel ]
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Step 2: Defining the System Damping

Determ1n}ng how the system is damped can (= T SiE )
be complicated. In NX Nastran there are
. D 2 Title Damping Type 7..Critical Damp vs. Freg -
. three ways to do this:
. . 4 - i [ % Axis Log Scal [ Axis Log Scal
g 1. If the structural damping coefficient e e I e — S
g - : : 0476 -
8 (G) 1s known thgn function type 6: ey
8 Structural Damping vs. Frequency 0357 1
%0 02575
& should be used, el
< 2. If the critical damping ratio is known, o -
. then function type 7: “Critical 0 —
o . 99 0. 0.1 0.2 0.3 04 0.5 0.6 0.7 0.2 0.9 1.
o Damping vs. Frequency” should be Frequency
d Data Entry
use s (@ Single Value () Edit Phase (%) Add Get XY Plot Data
3. If the Quality/Magnification factor Gl R T g Update | [ Load from ibrary... | [ Paste from Clipboard |
. kn h fu t t 8 (7) Equation () Periodic X ’ e lh ” pE——— ; l
(Q)1s own, then func 1on”ype : . — ave to Library... apy to Clpboar
“Q Damping vs. Frequency” should [ o [ e |
be used. s

A good approximation of the transmissibility of the beam is Q = 21. This value yields a critical
damping ratio of 2.38%; this is what we will use.
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Step 3: Creating the PSD Function
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The input to the cantilever beam is a
white-noise vibration with a PSD input
of 0.20 G*/Hz from 20 to 2000 Hz.

Entering the PSD as G?*/Hz will cause all
our output to be in G, including stress.
Most analysts prefer their stresses in psi
or Pa. For output to be in psi, we need to
scale the PSD function so that it is in
consistent units, instead of G. We will
enter a value of 0.20%(386)2. Since the
input is now in (in/s?)?/Hz, all of our
output will be in inches, psi and in/s?.

Scaling either the acceleration load, or
the acceleration load curve will produce
the same results, but it is more generally
accepted to scale the PSD curve as
described above.

Random Vibration Analysis
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F |
B " Function Definition =HACIH X
ID 3 Title PSD Function Type 3..vs. Freguency -
¥ -Frequency ¥ -Factor ¥ Axis Log Scale [ ¥ Axis Log Scale
10, 29300, Factar
2000, 29800, RSE00. -
52150.
44700. -
37250.
29800.
22350. A
14500,
7450.
D' T T 1
<= 1.00E+1 1.00E+2 1.00E+3 »=1.00E+4
Frequency
Data Entry
1@ Single Value () Edit Phase (%) [ add | | copyFunction... || cetxvplotData
el s B l Update l [ Load from Library... ][ Pasteﬁ'omclipboard]
() Equation () Periodic X
’ Sawe to Library. .. ” Copy to Clipboard ]
X 2000, Y 29800,
o [ e
L.
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Step 4: Creating the Modal Frequency Table / Setting up the
Load Set Options for Dynamic Analysis

The model frequency table is a function which defines which frequencies NX Nastran will
obtain a solution for; that is, each frequency represents a separate solution that is written out
to the results file. The function can either be created manually, or Femap can create one for
you. If you do not know about which frequencies you’d like the analysis to focus, it is
preferable to have Femap set it up, otherwise you will most likely end up with a large amount

©

2 of extraneous output. ) X
Q Analysis Set
(V]

7 To have Femap set up the table for you, e [E—

£ . :

= you must ﬁrst run an elgen\(al'ue analysis. ArabsisProgem 36,10 Nastan M
<=|E OPCC the elgenvalue_ anaIYSIS 1t r_un’ Femap Analysiz Type 2. Mormnal Modes/Eigenvalue v
N will know about which frequencies to N

— [ Bun &nalysis Using YisQ

Q concentrate.

o [ (4 ] [ Cahcel ]

The normal modes will be used to define the solution frequencies of the Random Analysis.
Think of 1t as guiding the Random Analysis such that only frequencies of interest (significant
frequencies) are processed. This greatly limits the amount of post-processing that is required
for the Random Analysis. More will be said on this later on....
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Step 4: (Continued)
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It is good practice to run the normal modes
analysis first to see how the structure will
behave. In this simple beam model, we have
fixed the end of the beam in all six DOF. The

beam is also mass-less (material density of 0.0) .

This was done to allow us to exactly match the
analytical solution.

After the analysis has finished running, you
should have three modes. In Section 9 we will
show you how these Normal Modes are used to
generate the Solution Frequencies for the
Random Analysis.

Random Vibration Analysis
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Model Info

S Rl A

J\ Coordinate Systems
----- [ Geometry
‘ Connections

9{3 Results

EEI---E Groups

| |QI Meshing Toolbox | ‘E| Model Info
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Step 5: Creating the Excitation Node and Tying it to
the Model

There are two ways to go about exciting the
model. The traditional method is called the
Large Mass Method. A more contemporary
method has been developed called the Direct
Method, wherein an acceleration is directly
applied to a node. We will use the Direct
Method

Since this is a base excitation problem, and
the base of the structure consists of one node,
it 1s that node to which we will apply our
acceleration. In the case where the base of
the structure is not one node, a rigid link
approach can be used.

2012 - All Rights Reserved
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Step 6: Loading the Model

Create Loads on Nodes
Load Set 1 Urit &cceleration
- An acceleration load must be Tite Boord Sis [0 Bsso Rectangulr Iv]
(2] . . L - |
c given to the base node in the Color 10 Laye 1
I direction of the excitation. Since [Force &y e
9 . . . . N2 | M onent m Components ) Constant
£ the PSD is given in (in/s .) /Hz, we Dot O Vector O Variatle
= |Weloei Alond Curve
& can enter a unit acceleration (1.0 [ S O Data Suiface
= )  olatanabiciociy
<|( 11’1/82) BC sure tO unCheCk the :ﬁﬁiifallu:cceleratinn il crs e o BN | NGRS
O directions in which the Tempersture e Ve - Data Suface
- acceleration will not act. Healan, T /YM'/Eﬁ_E_LUnn Load BiNGR
I 4 [
Static Fluid P i
: : _ Totd FdFrossas. T 82 [ _ 0.Nors
The Loading Function created in [ orpielcal
. . | x - 7 -
step 1 must also be specified in - il Phase |0. 0. None v
. Uk, Conditi
the Time/Freq Dependence ficld. Sipwal Condlion
!Ean_ EIL:IWE |3__; [ Ok ] [ Cancel
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Step 7: Constraining the Model

Since we are using the Direct
Acceleration Method, only one constraint
set 1s required.

©  The Load Constraint constrains the base .
c . . . —
¢ node in all six degrees of freedom. Create Nodal Constraints/DOF
& Constraint Set 1 Load Conztraint
(%]
f_o This constraint set should identical to the Title Coord Sys |I:I..Easi|: Rectangular [v]
o . .
= constre}mt set used for the elgenvah}e Color 120 Laper 1
A analysis. The node used to constrain the DOF ks I
— . . . : . . et H AnhiS prn ]
< model is the same node to which the unit X (1Y @712 |[__Fixed [ Pinned | por | e [ ok |
. . aymmetne k= Y
acceleration was applied. R IRY (RZ |[ Free | [ MoRatation | ’ I | [ Cancel |
£ Symmety 2 AntiSym

The idealization concept is that the base is
fixed in the TX, TZ, RX, RY, RZ while
the structure 1s excited in the Y-direction
(i.e., there is displacement in the Y-
direction).
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Step 8: Specifying Groups for Nodal and Elemental Output

In a PSD analysis, output is not given for

all elements and nodes by default. The

user must specify, through the creation of 1
a group or groups, which nodes and -
elements output data will be created for.

Because our model consists of 1 element

and 2 nodes, we will create a single group

with our single element and two nodes.
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We are not recovering any data from the 2
Mass Element, so we can leave it out of 5
the group.

Group 1 - Node and Element
Clipping
Rules
Node IDs
Option Start  Stop Increment
Add 1 0 1
Add 2 0 1
Element IDs
Option Start  Stop Increment
Add 1 0 1
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Step 9: Setting up the Analysis in the
Analysis Manager and Random Output Requests

[ Analysis Set ﬁ |

.. . Titd Random Analysi
To set up the analysis in the Analysis e | Random Anaysi
Manager, choose to create a new Analysis Analysis Program  36..NX Nastran v
Set, and enter 6..Random Response in the Analysis Type 6..Random Response -
drop down menu. Then press the Next... [ Run Analysis Using VisQ
button a few times until you arrive at this o ] [ ok ][ comcal |
screen shown at the bottom right. L

This is one of the first major decisions that one gets to
make in a Random Analysis — whether to generated the
Solution Frequencies using the Direct or the Modal
method. If you have questions on which method is
best suited for your model — take a look at the NX
Nastran Basic Dynamic Analysis User’s Guide,
Chapter 5.4 Modal Versus Direct Frequency
Response

18 | 29

NASTRAN Modal Analysis =5
[] skip EIGx Method ID 1
Real Solution Methods Range of Interest
() Givens
_ 0.
() Modified Givens T
() Inverse Power L 0.
() Inverse Power Sturm Eigenvalues and Eigenvectors
() Householder
() Medified Householder
_ Number Desired 10
@) Lanczos
Complex Solution Methods Normalization Method Mass
Hessenberg @ Mass @ Default
Complex Inverse Power ) Max () Lumped
Complex Lanczos Point () Coupled
Solubon Type Complex Solution Options
“ Dwrect
@ Modal
‘ [ Prev... l [ MNext... oK ] [ Cancel
L
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Step 9: (Continued)
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The next dialog box to work with is the Dynamic
Control Options. It is within this dialog box
where one specifies Modal Damping, the number
of modes to use in generating the Solution
Frequencies (Limit Response Based on Modes),
and the actual Frequency Response or Solution
Frequencies.

When you push the Modal Freq... button you
will get the screen shown below. We are only
using the first mode to match the analytical

solution.

[ Frequency Table From Modal Results lﬁw
Modal Results
First Freq 1.Mode 1, 110.4473 Hz -
Last Freg 1.Mode 1, 110.4473 Hz -

Additional Solution Freguency Points

Number of Poirts per Existing Mode B

Frequency Band Spread (+/-) 10. %

[ ok | [ Canesl

After hitting OK, it will generate a new Function
that will require six Solutions to be used in the
calculation of the PSD response.

Random Vibration Analysis

.
Dynamic Control Options ﬁ
[ Use Load et Options
Options for Dynamic Analysis | Advanced Options
Equivalent Viscous Damping Limit Response Based on Modes
Mumber of Modes
COverall Structural Damping Coeff (G) . 0
Lowest Freq (Hz) .
Modal Damping Table  2..Dampin .
Ring ping v Highest Freq (Hz) 2000
Equivalent Viscous Damping Conversion Transient Time Step Intervals
i
i]
0.
0 0
Freguency Response Response /Shock Spectrum
Freguencies 0..None -
Modal Freq... 0..None ]‘W
[ Prev... ] [ Mext... ] Ok l l Cancel
.
7 Function Defndion ==
m 4 Tide eocdial Frequency Table Type .vs. Freguency
X ey ¥ o Pt i ks Liog Scale ¥ Aok Log Scale
T T N | Fctcx
99 40058 . 2
DL 1
HAMTE 2 L5
UESET L 15
LA 0 135
1
™ I
; |
956025 WODMZ  IETST  THLMTI 1M 11TEIS F|I2" 452
ey
Duaka Endry
& e Ve it v [ ) ——
L el T, Lowad from Lirary... || Paste bom Ciioord
Equason Periodc
. , ] | Save b Lbrary... Copy o Opboped |
Reset | | o Concd

19 | 29
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Step 9: (Continued)

This dialog box is buried at the end of
the Output Requests. Since the
subsequent section of Step 9 is
dedicated to just managing PSD Output
Requests, this little box is discussed at
this juncture.

This 1s where you apply the PSD
Function to the analysis. For
convenience, one can directly scale the
PSD Function.

2012 - All Rights Reserved

These settings are used for all the
subsequent Output Requests.

Random Vibration Analysis
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MNASTRAM Power Spectral Density Factors

Correlation Table

Master ==Master

Edit Correlation Table
Factor PSD Function
Real X  3..PSD Function
Imaginary | 1, X | 0..Mone

’ Prew... “ Mext... I

Excited Subcase: Master

Load Set:  1..Acceleration

Applied Subcase: Master

Load Set: 1., Acceleration

PSD Interpolation
« (O..loglog

0..Log Log

(a4 ] ’ Cancel

= — —
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Step 9: (Random Output Requests)

NASTRAN Cutput for Random Analysis = Mastran Output Requests [——
Hodal Dutput Requests | - ool Femental |
@ hone o T — 0. Full Hexded - Fore
Every PSD analysis is based on the post- e e s Fisven 0.t o
. Both Cansirant Faror - Sirain
processing of Mgdal Frequency resqlts. = S
When you submit a Random Analysis to -l ForceSarce
. nermal Densiry Funchions e

NX Nastran, it calculates the Normal Aeanetonfucters A

Modes and then performs a Modal Addsons utput scuests
= Frequency Analysis at each of the requested =
o Solution Frequencies using the applied - —— _
L ! - | Blement Corner Results Resuits Desanaton L Frev..
= acceleration load. As a default, no matter NASTRAN Output for Random Analyss == Er—
+~ . Nodal Qutput Requests Firray Maeie II'
g, what you request, NX Nastran will dump et o e D Dt S D R ———
= out these Modal Frequency Solutions when fosesm Bt Eir2 i Eiex Hle Eies

. Elemental Stresses
! ever you request some sort of output. This sprngs ol Model Info =]
. . Rods [T axial [ Torsional —
S can be a bit of a problem if you have large s o N AR I
s b ocC ocC ocC ocC ! D S I'f -~
model. There are two options: (i) Use the el e D e

same PSD Node/Element group(s) under the

EndA [loc1 [[oc2 [Loc3 [Loc4
EndB [[Jloc1 [[Jtoc2 [[Jlec3 [[JLoc4

i Beams

%:, 1..Eigenvalue
'EE 2.Random Analysis

Nastran Ouput Request dialog screen (upper e o Elems Do Do £ ) Results
. .o Top ¥ Normal ¥ Mormal XY Shear =
rlght-hand) Or (11) Use the XDB ReSUItS Solids DX MNormal I:‘Y MNormal I:‘Z Mormal g ;"mogezr ;;gi;:i :Z
g2 2.Mode 2, 833, z
Destination (more later...). T i i ) 3.Mode 3, 4422165 Hz
2] 4.Casel Freq99.40257 b
g 5.Case 2 Freq 104.9249
[ summary Data Only {.'a 6..Caze 3 Freq 110.4473 =
e s ——— —o— —ag] 7.Cased Freq115.9697

gz B.Case 5 Freql121.492
- [H] Views
[]---m Groups

| |.¢l| ;Te;hl'ng Toolbox | E| Model Info
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Step 9: (Random Output Requests)
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Here is one way to request Random Ouput.
The first screen (upper left-hand) you
request Both under Nodal and Elemental
Output Requests and nothing under the next
screen. On the last Nastran Ouput Request
screen (upper right-hand), you make your
global requests for data (in this case, I'm
requesting Displacement, Acceleration and
Stress data).

Your output are the Modal Frequency
Solutions and then the PSD data. You also
get the final summary data for RMS values
of displacement, acceleration and stress and
then the Positive Crossing (RMS frequency
of the above request items).

Very useful but you get ALL the
displacement data (T1, T2,T3, etc) and
likewise all the other data. This is the
shotgun approach and again, when dealing
with a large model could be a problem.

Random Vibration Analysis

MASTRAN Cutput for Random Analysis

Miainl Ot Aeoaeses
b
Powver Spectral Density Functions
Auitaranelyton Functions
@ Bath
Flememribial syt Rimcpamete
P
| Power Spectral Densty Functions
Autccormelytion Functions
ot

Adcitonal Cutpast Requests

| Prev., l... (4

| Mazmwn Carout Ragarta

¥ Dopiacameei Gt el B = L

Civwh g T
Tt Parcw
*orw By

B -

& e P

Lobruster

¥ Dwwerst Carmes Asada Beni®h Crilrahet

1. PeiFracem by

& st P e

Toade e Peewe =

Lamvm

WASTRAN Chnput for Random Seabyso
Tzddal Cuionct Ruests
Desplacemen T Lri s 0 ez e
ALIEE BEEA T1 n T3 Rl L LE}

emarsd Sremes
e sl
Bk sl
Bars Al

X7 e
XY Shaa
T bormad
T Ghear

Model Info

*}—Lﬁl"’pl* -

i -y 2.Random Analysis

D (ﬁ Resulls

g2l 1.Model, 1104473 Hz
g 2.Mode 2, 833.7721 Hz
g2 3.Mode 3, 4422165 Hz
g 4.Casel Freq99.40257
g 5.Case 2 Freq104.9249
-gE] B.Case 3 Freq110.4473
g T.Case 4 Freq115.9697
--gE] B.Case5 Freq 121492
-2 9.PSDF 6 Freq 93.40257
gz 10..PSDF 7 Freq 104.9249
-gE] 11..PSDF 8 Freq 110.4473
g2 12..PSDF 9 Freq 115.9697
--gE] 13..PSDF 10 Freq 121492
g2 14.RMS Values

--gE] 15.Positive Crossings
- [H] Views

m
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|| Meshing Toolbox ﬂ

Satn Cut Opbor

St Ve
1H0L 44T

Vahoe

127,
1378006,

THaH Losatant. .
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Step 9: (Random Output Requests)
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This is close to one of the most efficient
ways to request output data. Of course, you
are still stuck with the Modal Frequency
Solutions, but your data set is smaller.

When you don’t check the Summary Data
Only, NX Nastran creates Functions that
allow you to plot the PSD quantities as a
function of frequency. This will be used
later on to show how to interpret or to check
your results.

Model Info E
e BI“T#I" A~
6 Layups -
& Loads

: Constraints

|_:_|fw Functions

----- l‘y 1.Lead Value vs Frequency
----- fy 2.Damping

----- fey 3..PSD Function

----- fey 4.Modal Frequency Table
..... fey 5.ACC2 PSD Model

..... fey 6.ACCZ PSD Node 2

----- &-y 7.Beam EndA P11 1

----- &y 8.Beam EndB P11 1

-£/*1 Data Surfaces

o EE Ao

& Meshing Toolbox 'E| Medel Info

m

-

Random Vibration Analysis
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NASTRAN Output for Random Analysis =5 Hastinn Qutput Regueits et
Nodal Output Requests onl Besartd
@ Nane Drglaverent Forge
() Power Spectral Density Functions WS L
= . . Corairant Foroe Sram
(7 Autocorrelation Functions
(") Both Fuation Force .
- Force Balsnce
Elemental Output Requests velodty
(@) Maone )
() Power Spectral Density Functions e
() Autocorrelation Functions
() Both
Additional Output Requests
Cuasmmanton
l Response vs Frequency (XY Plot ) ¥ Dmart; Corrar Senits Eesits Destraton ||
FRL e
o i e -
, & Magritde Frane o Ty I ——
MASTRAN Chutput far Randaen Anabsis Iy
Maodel Info =
Huthal Oulpul Reguests
Digdacemnent I1a Otz 2 Ori Cez R3 =32 E“‘_ﬁ’ [ == é"
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MNASTRAN Output for Random Analysis ﬂ
Nodal Qutput Requests
Step 9: (Random Output Requests)
° Acceleration Fltr @12 @13 [FR1 [FrR2 [EIR3
Elemental Stresses
e —= = Springs [ xdial
= — Rods [T axial  [C] Torsional
. — Bars [ xcial
. . . . Sram Enda [Jloct [Tec2 [Jloc3d [[loc4
Okay, this is the ultimate in Random Output ol o ends Flioct Fioc2 Fliocs Fliocs
Request efficiency. We will use the NX S s i s
Nastran XDB option to only pull in the final o Pates  sottom [Jxternal  [lvhomal (XY shear
s Top [[]%MNormal  [C]Y Normal [ %y shear
X-Y Plot Summary Results for only the e Elxvoma  Elvnoma  Flznoma
exact results that we want. This is what I | P e i
g use for my +500,000 node analysis models. | eomoe —— —
% - Ce= ] # Summary Data Oniy
= All the settings are the same from the prior o e e e L. ) [ o [ cne
& setup with two exceptions: (i) Check the
& . e - S e e m—
= Summary Data Only and (i1) Under Results R e o - Model Info =
!, Destination, select Item 6..XDB. Proecttiame Unesed srabrisTyoe Freauency Resoorse N A A R
§ == B E'"':W Functions *
X . . ’ D sen Data Surfaces
When the analysis finishes the run, you . _ . ;!
select None and Femap will import only the [Fo— , " & 1.Mode 1, 1104473 Ha a
X-Y Plot Summary into the model. | - ¢2) 2.Mode 2, 833.7721 Hz ‘E
-] 3.Mode 3, 4422165 Hz R
. . . .. | Colneddonert] o.rdi e =i g 4.X-Y Plot Summary
This creates the ultimate in minimal data. e ' e (.3 Views il
Il | @ Meshing Toolbox | i£| Model Info
Le ]
| concm | f
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Interpreting the Output — Analysis Check

1.3138E+7
1. 2Z64E+7 Jf\
1. 1330E+7 l \
1.0516E+7 I \
A plot of the Output PSD is shown s s4z1e4s [
on the right as well as nodal data §.7683E+6 / \
for the end of the beam. 7.8944E+6
T7.0Z06E+6& / \
? It can be seen that the FEA results & 1467+ / \
2 match the analytical results on 5.2729E+6 ] \
9 page 8 very closely. 4 39I0EE
f_o 3.5252E+6 \
& .. - \
< Additionally as a check, the base G bR
~  node output PSD matches the LT \
S input PSD as it should, with a TR
value 0f29,800 (in/sz)z/Hz. EHW:I[]EM:311. 85. 50. 95, 100 105, 110, 115. 120,
1: ACC2 PED Hode 1 Function Values
2 ACC2 PED HMode 2
Node 2
Output Set 82 - X-Y Plot Summary
IOutput Vector 1571 - T2 Acceleration RMS = 9876.03'
Output Vector 1572 - T2 Acceleration +Cross = 109.223
Output Vector 1573 - T2 Acceleration Xmin = 80.
Output Vector 1574 - T2 Acceleration Xmax = 120.
Output Vector 1575 - T2 Acceleration Ymin = 131100.

IOutput Vector 1576 - T2 Acceleration Ymax = 13140000.'

Output Vector 1577 - T2 Acceleration Ymin X = 80.

Output Vector 1578 - T2 Acceleration Ymax X = 110.5
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Interpreting the Output — RMS Stress Check
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Output for the beam element at
End A (fixed end), point 1 (top
corner) of the beam is shown on
the right. Since the beam is a
rectangle, the stress recovered at
all four corners are the same. This
output is found in the X-Y Plot
Summary.

This output shows the RMS stress
as 3,003 psi. This RMS stress
represents how much stress the
beam will experience 68.3% of the
time. This is well below the yield
stress for aluminum. Because this
1s a vibration problem, we are also
concerned about fatigue.

Random Vibration Analysis

26 | 29

Element 1
I Output Set 82 - X-Y Plot Summaryl
| output Vector 87241 - Beam EndA Ptl RMS 3003.39 |

Output Vector 87242 - Beam EndA Ptl +Cross 110.375
Output Vector 87243 - Beam EndA Ptl Xmin 80.
Output Vector 87244 - Beam EndA Ptl Xmax 120.
Output Vector 87245 - Beam EndA Ptl Ymin 353.9
Output Vector 87246 - Beam EndA Ptl Ymax 1283000.
Output Vector 87247 - Beam EndA Ptl Ymin X 80.
Output Vector 87248 - Beam EndA Ptl Ymax X 110.5
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Interpreting the Output — Fatigue Analysis using RMS +Cross

We will now use the number of positive crossings (or Beam EndA Pt1 +Cross) to calculate fatigue life.

The Beam EndA Pt1 +Cross output vector gives us a value of 110.4 Hz. The number of positive crossings is a
measure of the apparent frequency of the response. Given a white noise PSD input of 0.2 G2/Hz, the beam will
experience a fully reversible stress of 3,003 psi at a frequency of 110.4 Hz.

Statistically speaking, this stress value represents the 1c value and will be experienced 68.3% of the time. A 26
of 2*3,003 or 6,006 psi will be experienced 27.1% of the time and a 3¢ value of 9,009 psi will be experienced
4.33% of the time. These values represent 99.73% of the stresses the beam will see at point A. It is probable that
the beam will see stresses at and above the 46 level, but this will only happen 0.27% of the time, so we will
ignore them.

All three o level stresses fall into the infinite life range on a fatigue curve for aluminum. To demonstrate how to
treat the problem if this is not the case, let us assume that there is a small hole in the beam which causes a stress
concentration factor of 3. This would put the 1o stress level at 9,009 psi. We can use Miner’s cumulative
damage index to get a sense of how long the beam will last under this condition. Miner’s cumulative damage is
given by the equation:

2012 — All Rights Reserved

n n, n
1_|_2 3

Rn
N, N, N,
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Interpreting the Output — Fatigue Analysis using RMS +Cross

On the right is a table containing Point A lo 26 36
values taken from a fatigue curve
for aluminum. For a given stress, Stress 9,009 psi 18,018 psi 27,027 psi
the amount of cycles needed to
cause failure 1s given. No. of

Cycles to infinite | 6.0ES5 cycles | 14.0E4 cycles
These values can be substituted Fail

into Miner’s equation to calculate
how many cycles can occur until
the beam fails. Substituting in the

values and solving for n, yields a B 0.6831-n N 0271-n N 0.0433 -7

beam life of 1.3E6 cycles. If the 1
beam is vibrating at a frequency o0 6.0E5 14.0E4

(number of positive crossings) of
110.4 Hz, then it will take the beam approximately 11,775 seconds or a bit over 3 hours to fail.

2012 — All Rights Reserved

As long as the beam is exposed to the while noise vibration for under 3 hours, it should not fail.




¥ i 29 | 29
Random Vibration Analysis

E ELEMENT ANALYSIS I

PFédictive Eng'ineer'ing

Conclusions

The topic of Random Vibration is complex. What is presented here is a brief introduction to
the theory and implementation of the subject. It is suggested that the user read a bit of the
documentation provided on this subject within the NX Nastran library that is installed with
every license of Femap and NX Nastran.

For a lot of FEA work, a straightforward recipe to accomplish your analysis task 1s seldom
available and if it does, could easily lead you down the wrong path. Thus, I’'m fond of saying
that nothing beats having a good theoretical understanding of what you are doing and being
highly suspicious of any result generated in “color”. Or as I have read “Computer models are
to be used but not necessarily believed.”

2012 — All Rights Reserved

George Laird, Ph.D., P.E.
Email: George.Laird@PredictiveEngineering.com
Phone: 503.206.5571
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Random Vibration Analysis: Application Note

Introduction

Random vibration analysis can be very complex and time consuming. A solid foundation in the theory of the subject cannot be
replaced by any recipe or cookie cutter workflow; however, there are a few tips which can help guide the process and save time.

This application note will build upon the previous tutorial* by giving a real world example. The electronics enclosure shown here

will be analyzed. It contains a housing and multiple printed circuit boards connected together.

Significant time can be saved by inspecting how much of the
mass is participating in the normal modes.

Setting up the model for random vibration analysis
is covered in the previous tutorial and is not
covered in detail here.

* http://predictiveengineering.com/downloads/Tutorials/PSD Tutorial 2012.pdf
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Just like the previous tutorial a Normal

[ %l i ModelInfo R x ) o .
e i - Modes/Eigenvalue analysis is run; however, this
[+ R: - - . . . .
Title Matural Frequency Analysis w/ Mass Particdpation =1 LE | pd | = g time the MOdal EffeCtlve Mass Fraction Output IS
. i X Properties 0 requested. With this output request, when the
Analysis Program 36..MX Nastran - L s Layups

analysis run is complete, Femap will add 12

Analysis Type 2..Normal Modes Eigenvalue 2 :::mim functions. These functions will give insight into
["]Run Analysis Using VisQ E1-foy Functions i how much of the mass is participating in each
Nt ] ook [ €mem ][ @ - fey 1..PSD Function direction for each of the modes.
L —————— | R R R fey 2.Unit Load Function
----- fey 3..Critical Damping The Mass SUM is a running total of the mass
[ NASTRAN XY Output for Modal Analysis o by SRR NS participation and the Mass FRAC is the fraction of

----- fey 5..Mass SUM T1 Node0

m

the mass that participates at the given mode.

2012 - All Rights Reserved

OutputRequess | o hoy 6.Mass FRAC T2 Node 0

----- f:y 7.Mass SUM T2 Mode 0

Olswmmary fy 8.Mass FRAC T3 Node 0 In random vibration analysis a typical range of

g:oja: Eaﬂ:::;at;" racors e hey 9..Mass SUM T3 Node 0 interest is from 20 or 2,000 Hz. This enclosure,

a]ufs] Ve Vass . . . . .

= w1 ey 10..Mass FRAC R1 Node 0 with all it’s printed circuit boards, has 386 normal
----- 11..Mass SUM R1 Mode 0 H . .

[V|Modal Effective Mass Fractiors |} i E:: 17, Mass FRAC R2 Node 0 modes in this range.

ReferenceMode o0 || i hey 13..Mass SUM R2 Node 0 ) . o .
..... fy 14..Mass FRAC R3 Node 0 Inspecting the functions will indicate which

[Preve (Mot ] [ ok [ cane JJI L hey 15..Mass SUM R3 Mode 0 modes are of interest and which can be ignored.

. 3 Mot Cosefncne
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rFrequency Table From Mecdal Results M
Modal Results
Remember, given an input PSD Function, an output response can be calculated by ErstFreqg  1.Mode 1, 40.47966 Hz -
using the systems transfer function: LesiFroq 46, Mode 46, 274.0934 Hz .
PSD ¢ = |g(a))|2PSD Addtional Solution Frequency Points
out — n
Mumber of Points per Bxisting Mode 5
And that NX Nastran performs a frequency response analysis based on the table Frequency Band Spread (+/) 10. .
you create to obtain the system transfer function, g(w).
| OK | [ Cancel ] |
° From the Mass SUM, it can be seen that the - =
E majority of the mass is already participating in 1
(%] . _,_.—-—'_'_'_____-
9 the first 46 modes. All the modes after 46 have {
2 little mass involved and output for those modes 0.875- r_/_
2 can be safely ignored. Including only the first 46
= modes in the Frequency table will greatly reduce 0.75- A
2 the time required to run the analysis because the
§ frequency response will only need to be 06251
performed at 46 frequencies not all 386.
05—
0375~
0.25-4
0.125
0.1 T T T T T T T 1
o 38 78. 117 158 195, 234 273, 312 351 390
Function Values

1; Mass SUM T1 Node 0
Z: Mass SUM T2 Nede 0
3: Mass 5UM T3 Node 0
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Status : Complete List Qutput Query
Mum Queued : 0 Active Set: 4 Node ©834&
Job Mame : PSD: Modes 1to 46 Cutput Set 1784 - X-Y Plot Summary: Modes
Maodel Mame :  D:\PredictiveEngineeringTechnical L Cutput Veetor 1511 - Iz Tra.nsllat:!.nn 0.023531
Cutput Vector 1512 - T2 Translation 4g_ 9025
Elapsed Time @ 00:04:40 Cutput Vector 1513 - TZ Translaticn ¥mi 36.48
@ log () Sparse Matrix Solver Cutput Vector 1514 T2 Translation 301.8
|':‘| fio4 |:::| Eigenvalue Extraction Cutput Vector 1515 TZ Translstion i 4 _g5ZE-13
1 f06 () DOF Tracking Cutput Vector 1l5le TZ Translation 0.00007e85
Cutput Vector 1517 T2 Translation Ymin X = 301.8
Raw model ID: Bb6R - J : Lo Tee=m=l==seon Sezar B0 A0 _S2
- Config numher: RAAR Vector T2 Acceleraticon BMS 1809 .54
9]
>
_
[}
(%]
(&)
o
] ]
e : NX Mastran Analysis Monitor 4 =
80 : List Output Query
o=c Status : Complete . Hode 5534% N
< e b 2 Cutput Set 10 - H-Y Plot Summsry
‘\', Job Name : PSD: Modes 1 to 386 | Cutput Vector 1511 - T2 Translation BEMS = 0.023531
5‘ Model Mame : D:'\PredictiveEngineering \Technical L Cutput Vector 1512 — TZ Translation +Cross = 4¢._.53025 =
~ - T2 ; i =
Elapsed Time : 00:58:16 Cutput Vector 1513 TZ Translation Emin 3o.48
. . ) Cutput Vector 1514 = T2 Translation Xmax = 2155,
'?" log I‘:'I fIEsioilE Cutput Vector 1515 - T2 Translation Ymin = 0.
D fo4 (D) Bigenvalue Extraction Output Vector 1516 - T2 Translaticn ¥max = 0_00007&85
() foe  (0) DOF Tracking Cutput Vector 1517 - T2 Tranalation ¥min X = 2195 ._
Raw model ID: 8666 " . Lane
Cronfiga numbear ARFRA Vectox 1803.3

Two runs where preformed to show the time savings . One with the
frequency response table set from modes 1 to 46 and the other from modes
1 to 386. The RMS acceleration response is basically the same in both runs
but the time required is significantly lower for the first run — 5 vs. 58
minutes.
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1. —
0.875 /
L —— |
0.75 J—
0.625 /_/ I/I
0.375 = —
o 0.25 /
>
% 0.125 R
o __‘_/'
2 0. — ==
2 0. 6.5 13. 19.5 26. 32.5 39. 455 52. 58.5 65.
= Function Values
‘l‘ 1: Mass SUM T1 Node 0
S 2: Mass SUM T2 Node 0 .
~ Fditing Load Defriticn l =
3: Mass SUM T3 Node 0 e —_—
Title  Lrosieraen on Node Coord 555 (), Basic Rectanguisr -
Ghe 0 o] o ¢
. . PR e Method
Taking a closer look at the first 65 modes shows = R
that the majority of the mass is participating in P S
. . . . . WEW
the y-direction. This indicates that the other o R s
two directions are of little interest. i e B L
AF (1] 4, e
Phaes 0 0. s = E
——
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Y-Direction Driver X-Direction Driver
Maximum RMS von Mises: 970 psi Maximum RMS von Mises: 175 psi

2012 - All Rights Reserved

Output Set: RMS Values: Y-Direction Output Set: RMS Values: X-Direction
Elemental Conlour: Bottom von Mises RMS stress Elemental Conlour: Bottom von Mises RMS stress
Contour double: Top von Mises RMS stress Contour double: Top von Mises RMS stress PSD Tutorial Part 2 Application Note.modfem

To illustrate this point, the model was run twice: with the driver in the y-direction,
and the driver in the x-direction. Shown are contour plots of the RMS von Mises
stress**. The maximum stress is 175 and 970 psi in the x and y directions,
respectively. Clearly, the y-direction is of greater interest.

** The RMS von Mises stress is calculated with a custom api. Contact
Predictive Engineering to learn more.
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