MODAL & RANDOM VIBRATION ANALYSIS
OF A SIMPLE CANTILEVER BEAM
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Random Vibration Analysis of A Cantilever Beam

Problem Description

The objective of this presentation is to give a clear
understanding of solving a Modal & Random Analysis Problem
Using MSC.Patran, MSC.Nastran, and MSC.Random
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Random Vibration Analysis

Suggested Exercise Steps

Run Modal Analysis
Create the Geometry — Curve that is 10 inches long
Mesh Curve with 1 inch long elements
Create Material Properties For Aluminum (E = 10x10° psi, v = 0.33)

Assign Material And Properties for a 1 in x 1 in rectangular beam to the
Curve (or Mesh).

Create Small Mass On Beam
Setup Modal Analysis
Run Modal Analysis
Review Results

Run Random Vibration Analysis
Create Damping Field
Create PSD Field
Assign Node 1 to Large Mass
Create Relative Displacement MPC
Run Random Analysis
Review Results
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CREATE NEW DATABASE

- |Ofx
File Qroup/‘iigwgorl wiewing) Leplay Ereferences: Tiools [nsaht Eontral Help Whlities F:‘d.,
mdﬁm%ﬂ R LI EEL EE P R RN
Open... Ctrl+0 .
[Elase [Btrl 5. + E‘l'f. *‘ i E ¥ : @ @
= 5/ Bles atenalss Eropetics Load Fas. Eelds el Eesulis | Frerghit e Elot
Save [Stri£5
S ea o
| tilities 3
ot
Ewmart.,
B New Database _I— _ID ll
Seszzioh 3
i Template Database MName Model Preferences For:
Images:.. | CIMSCIPatran2003r2iternplate b satellits.db
Hemarh.,
i — Talerance
Quit Chi+0 Change Template ... O Bnaed o Moxel
* Default
¥ Modify Preferences...
Create a new database called v
3 Global Model Talerance:
satellite.db. ekt [ S rardor 3] - Bk mEe o00e
a. File / New.
b. Enter cantilever as the Analysis Code
f||e name. MSC Mastran 'l @
o Analysis T :
c. Click OK. R R @
Structursl v|
d. Choose Default . @
TO|eI'anCG File name: Icantilever @ oK @ Riesst
e. Select MSCNastran aS Files of type: IDatabaseFiIes{”‘.db} LI Cancel

the Analysis Code.

f. Select Structural as the
Analysis Type.

g. Click OK.

MSC X SOFTWARE

SIMELATING REALITY



Create Geometry

taaMSC Patran @ == 5|
File Group Viewport Viewing Display Preferences Tools Insight Confol  Help  Utilities P A‘\
UEHSGR AR GCGS DR FOOQR D ®% % 6o P b IS W4 L % %6 /b\
W cantilever.db - default_viewport - default_group - Entity : ;IEIEI E \\4‘, &0
q|| Action  Create ~ 12| e
Create Curve ; Object.  Curve v| Eleﬁ...
g 4
a. Click on the Black and B Method iz | @ Loscs/..
1 R Curve 1D List N &
White Reverse Button | Materas
i £
to Change screen z Refer. Coordinate Frame Pro‘pfr..‘
background o [[Soordo Load .
. i B
b. Click on the Geometry e EEO( q )“St be
jas] nalysis
C. Cl’eate / Curve / XYZ M Auto EXGCLE/ b
O Coordinates List Results
d. Change vector to <10, [ — e

2]

0, 0>

e. Click on Apply @

Il Geometry

For Help, press F1 l_ LR
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Create the Mesh

k.4 MSC.Patran _ = x|
m Group  Viewport  Vewing Display Preferences Tools Insioht Confrol  Help  Utlides ";‘f‘\
BETEEEEPA B %U%’-%QIJE*&%&U@QQH@ TR EET EERE
= cantilever.db - default_viewport - default_s —|O il (]
Action: Create ™ Geg"'
Object: E@ Eleme...
)
Type. Curve ~ Loads..
Create Mesh on Curve D v
IMaterials
Node 12
i =
a. Click On Element Form Lmem |
H

b. Create / Mesh / Curve Topology  Bara~ o
5 elds

c. Click on Curve 1 1 AF?
urve Lis nalysis

d. Apply W(C E s

~ Global Edge Length

Mode Coordinate Frames... |

~ Altomatic Calculation Insight
22
Value 1.0 ®Y Plot

-ApPl-

ol
I Finite Elermnents

[ hm[
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Create Material Properties

Create Aluminum Material
Property

Click on Materials Form
Material Name: Aluminum
Input Properties...

Elastic Modulus: 10e6 psi
Poisson’s Ratio: 0.33

OK

Apply

@ "0 200w

LaMsc.patran _ =] x|
Fle Group ‘Viewport Wewing Display Preferences Tools InsidhtConiol Help  Lilides P
Juwuéhnmé/ﬁu%mv@@uaﬂaﬂ}u@a@w@ LRI I T AL L
= cantilever.db - default_viewport - defd @ Input Options == _I B Eg| [
Constitutive Model: MI gl Action: %I = Ge?@r?m
7 N\ —
W Object  Isatropic ~ Bleme...
Property Name d Walue ™ \ 4
= Method:  Manual Input
Elastic Modulus = \/ | 10000000 ~ 2 L a LOa:jf’m
i
Poisson Ratio = [0.23000001 N | | Existing Materials Nl Materias
Shear Modulus = | k e ) oL Aluminum :I Proper
Dransity = | N— H
Thermal Expan. Coeff = | Log...
Structural Damping Coeff = | Fields
Reference Temperaturs = | Anaqi:sws
+
T - ResLits
# . Temperature Dep/Model Variable Fields: ﬂ 3
4] | Insight
_ fir | ¥ Pt
= | ?
K| _>|J
o ; Waterial Mame
Current Constitutive Models AN
Linear Elastic - [,,,] - [Active] ]
Ll _’l_l Description
Dater 30-Aug-03 Time: =]
15:08:52
Ok Clear Cancel |
1) =17
v / (c
Input Properties .. \

Change faterial Status ... |

Apply

EII material.create e (D" 1, "Aluminum", 0, "Date; 30-4ug-03 Time: 15:08:52", "lsotropic”, 1. "Directional LI
| Matena\sl \ g /
[ |
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Assign Properties To Curve

Assign Properties to Curve

a.
b.
C.

d.

Click on the Properties Form
Create / 1D / Beam

Property Set Name:
BeamProperties

Input Properties...

Switch to Input Properties Form

&

Material Name: Aluminum
(Select from Material Property
Set box)

For Section, Click on Create
Sections Button, then see the
Next Slide (4f.)

. Bar Orientation: <0 1 0>
. Offset @ Node 1: <0 0 0>

Offset @ Node 2: <0 0 0>
OK

Select Members: Click on
Curve 1

Add (To add Curve 1 to
Application Region)

. Apply (Need to scroll form to

see Apply button).

[ Msc.patran - = %]
Fle Group Wiewport Viewing Display Preferences Tools Irsight Control  Help  Utlites H‘\
DSk om AR |(Frd¢Bee v QaAHE @7 %[ 5L p bt Y L4 n ~ %% d
tilever.db - default_uiq . = [T ] EE
i cantilever efault_wvi B Input PreSET T il N o " GE:H
t] reate ¥ =
General Section Beam { CBAR ) ction 55
Object M Eleme...
Property Mame Walue Walue Type
Type m /\ Loads...
Waterial Name m.Alurninum Mat Prop Mame = ( a £y
\ Materials
[Section Mams)] na: Properties ~ Prop. Sets By Name ~ | N1 =
LI Proper...
| Bar Orientation | <010 “
Load ...
| [Offset @ Mods 1] [<000= =
[[otset @Node 2] [<000> Vactor | > |—| ey
P - Analysis
[Pinned DOFs & Mods 1] String Eier ||,— @
[Pinned DOFs @MNods 2] Strm_g‘l Property Set Name Re;lts
Area Real Scalar | BeamProperties Tt
=
finertia 1,1] Real Scalar +|| ostions c XY Plot
Material Property Sets M
Alurninum 2] Create Sections Standard Formulation  ~ | /
Beam Llbrary ‘ Input Properties ”kd )
4 >
I~ Associate Beam Section rApnlication Reaion -
P SelectMembers [ k
. [ Curve 1 \
oK ]
v / I \ Add | Remove | .
/ Application Region
| E
E
- =l
U] Element Properties
For Help, press F1 ’7 ML
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Create Beam Section

Rectangle Cross-Section

c. W:1.0,H1.0
d. OK - Return to previous slide and form.

Step 4f (Continued from Previous Page)
a. New Section Name: BoxBeam
b. Click Arrows Until you can select the Solid

B Beam Library

Action: Create vl
Object. Standard Shape '|

Method: NASTRAN Standard ~ |

Existing Sections

[ Fier |

- |
4 »
MNew Section Name/\

[ BoxBeam \aj

O
1)+
O

L 4

H

a
10

=)

4| | »

Spatial Scalar Fields

Calculate/Display

Vyrite to Report File |

()

ok | Apply

Reset Cancel

B Input Properties ]
General Section Beam { CBAR )
Property Name Valus Value Type
Matarial Name [reAlominum Wat Prop Marme E
[Section Name] IW Dimensions ~
IBar Drigntation [<010= Vector ¥
| [Offset @ Mode 1] [<000> Yector
| [Offset @ Node 2] [ <0005 Wector
[Finned DOFs @ Made 1] | String ~
[Pinned DOFs @ Node 2] [ String ¥
e |1— Raal Scalar
[Inertia 1,1] [0083333336 Real Scalar -
Field Definitions
[ ] Rereatelsectionsl
‘ o
| Ascociate Beam Section
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Create Small Mass Element

Create Small Mass Element
a. Click On Element Form
b. Create / Element / Edit
c. Shape: Point

d. Click on Node 11

Since Auto Execute is on you
do not need to hit Apply to
create the mass.

i MSC.Patran _|= il
Fle Group Wiewport Viewing Display Prefersnces Tools Insight Confral Help  Utlities '_:“?‘\
OSSR /A)|FPs @ BEsvoale &%= 64 Pk adS0w a4 L% d
[ cantilever.db - default_viewport - default_group - Entity _|olx] E ElE| @
G| Adtion  Create ~ a €28l
W Object  Element ~ / Eleme. .,
! Method:  Edit~ | Loads/...
™| “Element D List f
. I 3 Materials
[-] =
- Proper...
= | Shape Point W
= Load ..,
|| Topology: Point 5=
Flelds
s
sl Analysis
v Use exjsting midnodes
Results
v Auto Execute
B [Node 1= [Node 11 | Tnsight
]
R Flot
ARl
éll $# === 1 element created. 1D =11. LI
I Finite Elements

For Help, press F1

[ o[
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Assign Material Property To Small Mass

H H ko MSC Patran _|= 5‘
Ass'gn Materlal Property TO File Group ‘Viewport ‘iewing Display Preferences Tools Insighh Coniral  Help  Utites ﬁ‘\
RSB f A R||§FEe [ BRF0DQAR| @ B%% Bl p bWt 50 %% 6

S m a'I I M aSS [ cantilever.db - default_viewport - default_group - Entity =lolx] = ®
1 H | - ||| Geormn...

a. Click on Properties Form Acton Creste | Al o
Object El Eleme...
b. Create / OD / Mass e asv( D) Lo

¥
Materials

c. Property Set Name: | Fopsestviamer] [T

S m a.l I M aSS Smalliass Proffr”‘
Load ...
Options — Lumped o s

<]
Analysis

Input Properties... R %
Mass: 0.000259 Ib s S e

Se - oo

SmallMass C Insightt
=
OK Options: XY Plot
Select Members: Click on Lumpes °| Py
Point Element in Selection T
i N
TOOkbar (The Trlangle)1 rAnplication Region—————
ST e
Then Se_lect the Element 11 T — Ly
(The PO'nt MaSS Element) Froperty Mame Valus /f\ Value Type Add Remave |
1 N Mass ’m\ Real Scalar = Application Regian e
l. Apply [ vess Grient. ciDicE) [ — co~| Element 11 Bl
[[MassOffset] | Vector =
[inertia 1,1] T Real Scalar
[inertia 2,1] T Reel Scaler —
it Proserty St | ENPEY I Real Scalar = Apply =l
”7 [nertia 3,1] — Real Scalar Element Properties |
For Help, press F1 i |
[Inertia 3,2) — Real Scalar
[Inertia 3.3] Real Scalar -
Field Definitions
E
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Constrain The Beam

Constrain the End Of The

SQ@ TP o0 oy

Beam

Click On the Loads Form
New Set Name: FixBeam
Input Data...
Translational: <0,0,0>
Rotational: <0,0,0>

OK

Select Application Region...

Click On Point In the

Selection Toolbar, then Click

on The Point at the end of
the Beam (opposite Small
Mass — Curve 1.1), Add to
Application Region.

OK

Apply (Scroll Down Form To

See)

[ Msc.patran _[=]x]
Fle Group Viewport Viewing Display Preferences Tools Insight Confrol Help  Utliies "_'“5:\
LNEEE® - MJ&|]%“%“%"%Q\]§1$$U@QQH® RIS W”/ LR
B cantilever.db - default_viewport - defaul _ o= = olx| @
| Adion  Creae ¥ = Ge%;‘..
W CObect  Displacement ¥ a Eleme...
i
| s Noal| Lo,
ES
Materials
~Current Load Case:——————————— =
Default | PIRE £ 3o
H
Type Static Load ...
=]
Fields
Existing Sets A”gs‘s
FixBeam = e
@
Insight
Y Plot
Geometry Filter LoadBC Set Scale Fact
= Gaomelry
« FEM _'Ll
Transkations <T1 T2 LI ‘
Q00 >
Rotations <R1 R2 R3=
000 > Newr Set Na
| FixBeam K b )
Apolication Rédgion
Select Geomeatry Ennties
N ‘ 3 b
Add | Remove | Spatial Fields C
Application Regicn El
X )= 2 InputDat\a}/ |
141 v
= Select Application Region..
] FEMOependentDeta.. | [l
Analysis Coordinate Frame Load/Boundary Conditions J
[Coord 0 U| oM
OK | Reset
Select Application Region 4 Load/Boundary Conditions Input Data
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Create a LoadCase

L. MSC.Patran _l= | ll

Fle Group Viewport Viewing Displ Preferences  Tools  [rsight Conrol Help  Utliges P

E = Assign /Prioritize Load /B mEE PR
E Select Individual Loads/BCs Select Loads/BCs from Existing Load Cases - 24 [
Displ_FixBeamn =] Default = - | Action: Create 4 Ge?s;]‘.‘
@ " Eleme...
b ;
= Loads/...

£
s v L0
1 Ll_l q 4,|_| Existing Load Cases Materials

Create a Load Case Called Defaut || reeere
Additional Loads/BCs Contraols | N

RunModal < a b

. B

a. CI'Ck On Loadcase FOI’m Assigned Loads/BCs woadIBCType Displacement S F\f;js
. Type | Scale Factor | Prionty | = PR

b' Load Case Name FixBeam || Displacsment 1 | Add | _lj Reg\tg
RunModal = : o

risigl

c. Assign/Prioritize e [ | b
LoadS/BC’S Load Case Name /b\

. . | Runtodal U
d. Select the Displ_FixBeam " Make Current
Constraint Type Static ¥

Description

e. OK =
f. Apply

c El

\]/ Assign/Priontize Loads/BCs |

4 » Load Case Scale Factor

|10
= Remove Selected Rows | Remove All Rows | Undo Spreadsheet | f
é‘ -Anoh- | |
] LI m ﬂl ﬂl Load Cases
e c— \e/ [ oM
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Set Up Modal Analysis

b MSC.Patran ;Iﬂ ll
Fle Group “iewport ‘iewing Display Preferences Tools InsiohtConfrol Help  Utlites '\
ODEHERe N AR B@ et R|E 0 ®% %[5 3 0 E L0004 L =0y %%
B cantilever.db - default_viewport - ;IEIEI ? Blx| &
E Action: Analyze v =] Ge?gj;“'
| Object  Entire Model | Eeme..
Setup The Modal | Method:  FulRun ~ | -
Analysis
: y 2 Code |MSC Nastran | : ; ‘
a. Click on the Analysis oo [orcra e
el ructura u
Form suy. | e
b' JOb Name . Available Jobs {/—\ Fia:():ls
modal_cantilever 2\ @ Jave
. . &
See Upcoming Slides for L e Resuts
these < > e
. [
C. ;ranslattlon | Sottene @ oret
arame er . Job Description
d. Solution Type... S v j'
e. Direct Text Input... /-\) ol
f. Subcases... ¢ S €
g. Subcase Select... e Direct Toxt Input |
h. Apply (To Start Job — . Subeaces f

Subcase Select
after you do the next g Anlyeis Manager |
few slides covering X
parts ¢ — ) @

=]

Analysis |

For Help, press F1 l_ W]
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Analysis — Translational Parameters

Translational Parameters...
a. Data Output: XDB Only
b. OK

®

W Translation Parameters

=1o]x]

—Data Output
Data Output:

HADE Buffer Size: 1024= |

HDE Cnly ‘l @

—Tolerances

Division: [ 1.0e-08
Numerical [ 1.0e-04
Writing: [ 1.0e-21

—Bulk Data Format
Sorted Bulk Data: Mo™

gither = |

Card Format:

Grid Pracision Digits: |

MNode Coordinates:

reference frame ™

MSC Nastran Version: [ 2001

MNurmber of Tasgks: |
[~ Write Properties on Element Entries

I~ Wirite Continuation Markers
[ Conwvert CBARS to CBEAMS

I~ Use lterative Solver

Esxternal SuperElement Method: MNone = |

MNurnbering Options ..

Bulk Data Include File. .

OK Defaults |

Cancel
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Analysis — Solution Type

Solution Type...

a.
b.

Normal Modes (103)
Solution Parameters...

Plate Rz Stiffness Factor =
1.0

Node i.d. for Wt. Gener. =0
OK
OK

By Setting Node ID for Weight

Generation to O
(GRDPNT=0), we are asking
Nastran to calculate
moments about the global
coordinate system.

L4 MSC.Patran _ =[]
Fle Group Viewport WYiewing Display Preferences Tools Insight Confrol Help  Utites ._;“\
BEEEE RPN N || B ol B B e oMWW R[4 LN R
[ cantilever.db - default_viewport - default_group - Entity o |m | il ol ? ]

MSC MNastran — | 3
_ =X
—I—I—I Solution Type E ]
—MNormal Modes Salution Pararmeters | Eleme...
¥ Database Run m ¢
Solution Type: —Loads...
I Cyclic Symmetry © LINEAR STATIC B
P C MOMLINEAR STATI Materlals
v
utomatic Constraints & NORMAL MODES
 BUCKLING et
Shell Normal Tol. Angle = | W
© COMPLEX EIGENVALUE Load ...
Mass Calculation: Lumped ~ © FREQUENCY RESPONSE =]
© TRANSIENT RESFONSE Fields
Data Deck Echo Maone > © MOMLINEAR TRAMSIENT . ?
nalysis
Plate Rz Stiffness Factor = 10 Select ASETIQSET. |
Resuilts
Meaximum Printed Lines =
I Interactive Modal Analysis Insight
Maximum Run Time = T~
b Solution Parameters | RY Plot
Wt-Mass Corversion = 10
Node i.d. for Wt Gener. = 0 Solution Sequence: 103
Default Initial Temperature =
Default Load Temperature = OK I Cancsl |
Ivla p-Adaptive Cycles = 3 @
Dynamic Reduction |
e
@ O Defaults | Cancel |
X
Analysis Solution Type
[ um

MSC X SOFTWARE

SIMELATING

REALITY



Analysis — Direct Text Input

Direct Text Input...

a.

Click on Case Control
Section

. Type in

MEFFMASS(ALL)=YES

. OK

This will create a Modal

Effective Mass Table for
your Model. This table is a
very effective way to
determine which modes will
most likely contribute the
most damage to your part.

W Direct Text Input _|— _ID il
Case Control Section
MEFFMASS(ALL)=YES] @ =]
 File Management Section M FMS Wiite To Input Deck
© Executive Control Section M EXEC Write To Input Deck
@ & Case Control Section v CASE Wite To Input Decle
 Bulk Data Section v BULK YWrite To Input Deck
@ Clear | Resst | Cancel |
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Analysis - Subcases

Subcases...

a. Click on RunModal Subcase
from the Available Subcases
Choices

b. Subcase Parameter...
1. Lower =-0.1
2. Upper = 2000.0

3. Clear the 10 from Number
of Desired Roots

4. OK

c. Apply
d. Cancel

= Subcases == %]

Solution Sequence: 103

Action: Create ™ |

Awailable Subcases

Runlviodal

Subcase Mame

| Runhlodal
Subcase Description
This is & default subcase. =]

Available Load Cases

|Default -

ki

—Subcase Cotions
Subcase Paramsters...

Dutput Reguests

Select Superelements..

|
|
Direct Text Input. |
|
|

Select Explict MPCs..

e

@ Apply

B Subcase Parameters - IEI il
REAL EIGENYALUE EXTRACTION

Extraction Msthod: Lanczos |

Freguency Ranae of Interest
Lower = [-0.1 <\ b
Upper = 2000.0 z;

Estimated|Humber of Roots = 100
MNumber of Desired Roots =

Diagnostic Cutput Level

Results Normalization
MNormalization Method

Mermalization Point =

[Mommalization Componsnt

[Mumber of Modes in Errar »3/4\(95 =

[10
Default Load Tempepéture = |

Cancel
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Analysis — Subcase Select

Subcase Select...

a. Click on RunModal in Top
Box to add to Lower Box
(Subcases Selected)

b. Click on Default in Lower
Box to remove it from the
Subcases Selected

c. OK

Once you hit OK, you will then
return to the main analysis
form. Hit Apply and your
modal job will begin in
Nastran. This job should
only take less then 1 minute
to solve.

W Subcase Select ==x]

Subcases For Solution Sequence: 103

E

4 o

 Select All  LUnselect All

Subcases Selected:
Runiodal 4]

(c) Cancel_|
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Analysis — Read Results

Read Results (From the
Analysis Form)

Access Results / Attach XDB
| Result Entities

Select Results File...

Click on
modal_cantilever.xdb

OK
e. Apply

a.

Lamsc.Patran _ = x|
File Group Viewport Viewing Display Preferences Tools Inzight Comfrol Help  Utilities A
DEEER ML R |Fes T+ 0o &)@ 8% %6 8 bk 8004 Lo~ %% 6
[ cantilever.db - default_viewport - default_group - Entity | ﬁl CE ]
5Eom. ..
I Sclect File el Action  Access Results_~ | =
. Object.  Attach XDB v| Eleme. .
Lok in Iarandom j = & Er L
Method:  Result Entities Loads...
[ modal_cantlever. xdb —
i
Materials
Code: |MSC Nastran | i
Froper...
Type: |Structura| | W
Study: | | LO;"'
5 Fields
Available Jobs %
File name: Imudal_cami\ever.xdb \ d Ok modal_cantilever d Analysis
\ Files of type: IAvaiIab\e Files f<xdi} - Cancel Resuits
1 —"J Insight
Job Name XYL;Iot
| modal_cantilever
Job Description
MSC Mastran job created on =]
01-Sep-03 at 13:12:08
’\\
( b | Select Results File. . |
v/ Translation Paramsters.. |
Apply e
he
/LX
al
U Analysis
[ [

MS&KSOFT\NARE
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Results — View Animation

View the Modal Animation

a.
b.

Click On The Results Form

Click on Mode 1 in Result
Case window (492.5 Hz)

. Click on Eigenvectors,

Translational

. Animate

e. Apply

Note that in this model, there

are only 2 modes between —
0.1 to 2000.0 Hz. In alarge
model with lots of degrees of
freedom, this table would be
pretty full. In these cases,
you will want to check the
Modal Participation Table in
the *.f06 file to determine
which mode and direction is
likely to contribute the most
to your model. In most
cases, it is the mode with the
highest mass participation in
the direction that the model
Is being driven.

LaMSC Patran _ =[x
Fle Group Viewport Viewing ODisplay Preferences Tools IrsightConirol Help  Utites Hj“\
DEHSERf L R)|FeaBRsvmada o -E' By e al TG Be M S R[4 LS B R A
W cantilever.db - default_viewport - default_group - Entity | _I EF] ]
Action:  Create ¥ 1| =t
Object  QuickPlot © Eleme...
= e Loadst...
B
Materials
\|  Select Result Cases i
b CTRUNMODAL, A1:oc Proper...
SCW RUNMODAL, A1: Mode iR F W
’ Load ...
=
Fields
¥
Analysis
a 74
4 » Resuits
e
Insight
Select Fringe Result w
Constraint Forces, Translational =] KY Plot
Eigenvectors, Translational
K _>l_I
Select Deformation Result
Constraint Forces, Translational =
Eigenvectors, Translational
-
»
7 Animate =
//w
| Apply l e Ll
Results | N—
For Help, press F1 [ |
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Results Animation

L4 M8SC.Patran

MRS
Fle Group Viewport Viewing Display Preferences Tools [msight Conol  Help  Utilites Hﬁ'\
NEHdSRem /R d ¢ BEsonad|do @ %LdrbkdtWyasn ~nm% |4
= cantilever.db - default_viewport - ¢ — |E|| X| ax (]
I~ Pause Animation Geom..
. . MSC.Patran 2003 r2 01-Sep-03 13:43:43 EIe?;”
SCTRUNMODAL Al:Mods 1: Freq. = 492 51: Eigenvectors, Translational-{NON-LAYERED) 1 8 +
Once the Animation has began, ¢
. ————— Loads/. ..
you have many options to Frams Displeyzd o
I B
d ISpIay' Acvance Frame | Proi’fr“'
a. Click on Unpost Result Tools Ao Soarenee Lo
|7G‘ Cycle Bounce F\?;s
to Stop and Return to the .
. b Analysis
Main Results Form. 177
1 7 M ResLits
Starting Frame Insight
- - b
Please note that the animation 2 SrE Al
Is scaled against the overall 6.21+001 el Fraie
size of the model, and does = =
Animation Speed
nOt reﬂeCt aCtual Stop ;\mmal:ion and
displacement. This is o Grsphcs Rerech ﬂ/\
because at this point there is UnpostResuiTose | @
no |0ad dnv'ng the mOdel. T Refresh Resuits Tools q\/
y arh 211001 @A 11
Frame: 6
Scale =-7.07-001
m Animation Control '7
For Help, press F1 [ um
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Results — Comparison Against Hand Analysis

Inputs to Frequency Problem

Youngs Modulus E = 10-106-psi
Possions Ratio v = 0.33
E 6 .
Shear Modulus G=—r—— G = 3.759 x 10 psi
2(1+v)
Shear Factor Ko = >
st~ Kgf = 0.833
Length of Beam L = 10-in
Width and Height of Beam b = 1in h = 1lin
Area A = b-h A= 1in2
. W
Weight of Small Mass W = 0.1lbf M=— P=W
g
Moment of Inertia | = iz-b-h3 | = 0.083in4
1

MSC X\ SOFTWARE



Results — Comparison Against Hand Analysis

Hand Calculation of 15t Mode Frequency of Cantilever Beam to check FEA
Results are exact with FEA = 492.5 Hz vs. Hand Analysis = 492.5 Hz, 0.0% Error

Bending Stiffness

Shear Stiffness

Total Stiffness
(Springs In Series)

Calculated Frequency

3-E-l
Kn = —
b 3
st-A-G
KS = C
KS
K+ = Ki-
T b
KS+ Kb
K
1 T
f = :
2T M

|bf
Ky, = 2500 x 10°—

In
K = 3.133 10° 2

In

In
f = 492.502 Hz
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Begin Random Vibration Analysis

Create A Relative Displacement

MPC
a. Utilities / FEM-General /
Relative Displacement MPC e e e oo e s
b. Click on Node 1 and Node 1.7eL.uprtdagL,”, i G %ﬂa Lo mn @ P
11 Show Description | a Ga;@?m
Auto Execute will automatically -
create an Explicit MPC E— R
between Node 1, 11 and a Node 1 Explci vPC iy
newly created Node 12, %2 i e
the distance between node 1 e “a
and 11. e
The Relative Displacement e
MPC will come into play 2
when it is time to view Node 11 @ Auto Excats B
displacement between to Mg e
points of concern. An L D Jnoeoonderenose
example where this helpful is g —
to determine the Node 12 rov | [ Concol |
displacement between the
center and edge of an @
electronic board that is part .
of a larger box. This will /{\
subtract out the large mass X
displacement (more to
Come)' Rel Disp.MPCVi0[
c. Cancel to close form I L
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Create a Non-Spatial Damping Field

Create a Damping Field .4 M5C.Patran ]
File Group Viewport Viewing Display Preferences Tools [nsight Comrol  Help  Utlities __}‘\

a. Select the Field Form UEHEBo N AR[¢¢d¢ @@e0 @AM @%% 6 IP 6L SN [4L %[

W cantilever.db - default_viewport - default_group - Entity

of x|
olx| &

Action.  Create v - Ge?@rj...

Object  Non Spatial ~ Eleme...
4

Method:  Tabular Input = | Loads/..

b. Name: Damping
c. Change to Frequency

B Non Spatial Scals

Table Definition i Sl P s
i Data Existing Fields Materials
d. Input Data... E— e L = .3
HIE A H 1 2 00000E+001 5.00000E-002 -
1. Fillin the table (CIICk [N 2 | 200000E+003 §00000E-002 | _| d LI_I led d
box on table, then ; 13 Fisld Name Fics
b 1 | 4 \ [Darmping ( b ) o
enter number in Input : N e arlyss
1 = Real © Complex
Scalar Data field) 5 N Dt Reits
ctive Independent Variables
2. OK ; \\ (pL|m|t 3) Ims[,iiht
T I Tims {t} XY Flot
e. Apply - \ LI—I FFrequency(f)@
Map Function to Tabl L Témperature
Freguenc I Displacement {11}
q y ) | I Welocity (v)
[HZ] Damping I~ User Dafined (UD]
1.0 0.05 d T hnputData . |
0.05 [Options.. ] |

)

uil_viewpart_tiling.file( ) B -Apply- ﬂ

ol
i MSC/Random 2.0 Fields |
Dieleting 1 S6M points ... | [ Nom

5% Damping () corresponds to an amplification (Q) of 10
MSC_ X\ SOFTWARE
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5. Create A Non-Spatial PSD Input

Create a Power Density
Spectrum (non-spatial)

Field

a. Select the Field Form
b. Name: PSD
c. Change to Frequency

Table Definition

d. Input Data...

a. Fill in the table (click in
box on table, then enter
number in Input Scalar

Data field)
b. OK

e. Apply

Frequency | PSD
[Hz] [G%/Hz]
20.0 0.10

2000.0

L MSC.Patran _|= 5‘
Fle Group Viewport Wiewing Display  Preferences  Tools  [msight Contral  Help  Utlites '\
BRGSO =R B R Rl
= cantilever.db - default_viewport - de _ EI| & ‘_ olx @
. ||| Geam...
| Action:  Create ¥ =
= &
= Non Spatial Scals = §||> Object Mo Spatial ~ Eleme..,
5 -
Method:  Tabularlnput =
Input Scalar Datal - abuer npy Loidj‘f"'
1]
rData Existing Fields Materials
Freg(f) Value = Damping -] B
1 2.00000E+001 1.00000E-001 4'L| W
2 2 00000E+003 1.00000E-001 | _| b J Loa a
3 Field Mame Ficl
4 k |PSD / \ @
5 \ Scalar Field 1\ b ) Analysis
— & Real ' lex oy
e \ JTable Definiion
7 \ ctive Indepen e_ﬂ ariables e
_8 N [Limit=3)
1 \\ _,lLI I T XYI%\ot
v Freguency (f)
T i
Map Function to TQ\ | emperature
™ Displacement (U
Ok \ I~ Velocity (v)
" User-Defined (UD)
Input Data .. |
[Options..] |
ill %4 Field "Damping" created @ -Apphy- LI
i MSC/Random 2.0 Fields |
Deleting 1 56M points ... | [ hom [
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MSC.Random

Create the Random Run

a. Click on Utilities / Applications /
MSC.Random...

b. Job Name: random_cantilever

c. Check Only Y-Direction for this
Analysis

d. Select Input Node: Node 1 (this
the node where the large mass
will be placed).

e. Select Damping Field (CRIT):
Damping

f.  Apply

Note: In cases of a models with
multiple points of constraint, a
node away from the model should
be created, with an RBE2 created
between the constraint points and
the large mass node. Since this
model is simple, the large mass
can be placed at the end of the
beam.

Output Requests: Allows the users to
put elements or nodes into
groups to reduce the amount of
output.

Adv. Freq. Output: Allows users to
select additional ways methods of
creating output points for the
frequency response
(Corresponds to the various
FREQ cards in Nastran)

L4 Msc patran _ =]
Fle Group Wiewport ‘iewing Display Preferences Tooks  [msight Control  Help  Utlites H:‘.‘\
DEHSBoms/h (£ 6 e a0 &ld @% %[5 @ B bt 84 s %% d
= cantilever.db - default_viewport - default_group - Entity iy | ﬁl = 2= [ ]
] ||| Geom..
. Help | —
&
Eleme...
- | Action Freq. Response ‘|
-‘ q P 4
Loads/...
b Job Name random_cantilever =
ly
J MMaterials
Type:  Baselnput |
Node 1 E C Froper...
- - H
O AXDir WYDir [T ZDir Load ...
P BB
Select Input Mode Ficlds
d ) [Node 1
Analysis
Results
®
\, Select Damping Field (CRIT) Insight
o | T | =
PSD XY Plot
—
|« ;I_I
Output Requests |
~FreauencyData———————————
From To
| 1.0 |2000.U
‘ Adv.Freq. Output |
v L
Input | 3864
Witdass, | 1.0
x
—
[ f -Apphy- | Cancsl |
E‘ $4# Field "PSD" created. LI
I MSCiRandom 2.0
Deleting 1 5GM points ... | [ om

MSC X SOFTWARE
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Closer Look At MSC.Random Form

Directions to drive the
model. This will create
subcases based on
selections.

Node to Drive with Input

\ ~ X Dir
Allows the user to define Select Input Node

groups to calculate
outputs on. Default is
ALL; however due to disk
space, a user may want
to limit the calculations to
a set of elements and
nodes.

Output requests allow a user
to describe how much
definition should be included
in the output PSD (FREQ
cards). Generally, you should
just accept the defaults.

N

MEC /Random 2.0

Help

Action:

Freq. Response =™ |

Job Mame:

[ randorn_cantilever

ﬂKBase Input | ==

/ Jobname

W Dir

I~ Z Dir

[ Mode 1

FsD

3\

Select Damping Field (CRIT)

i

Qutput Requests. ..

Freauency Data
From To
| 1.0 | 20000
Ady. Freg. Output... | | |

Base Input (Large Mass)

Damping Field to use.
Damping is created as a

/ Non-Spatial Tabular Field,

d using frequency.
Range to perform the transfer
Input and Mass default to

function (harmonic frequency
response).

Input: I 3864

4% B

Witdass: | 1.0

-Apply- |

Cancel

-

MSC/Random 2.0 |

using mass density. If you

_—" use weight density, you will
need to modify both
values.

MSC X SOFTWARE
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Closer Look At The Output Requests Form

This Form allows the user to
define specific groups of
nodes and elements for
various output

Use this form if your model is
very large and you do not
have the resources (disk
space or time) to calculate
values for all nodes and
elements in your model.

B Output Requests

—Outout Reguests
Output

Group

I Displacement;

v Acceleration:

™ Velocities:

¥ Stress: ﬂl
[~ Force:

™ Strain:

¥ MPC Forces: M
¥ SPC Forces: M

—Existing Grouns

default_group

Update List Box |

Close
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Closer Look at the Advanced Frequency Output Form

FREQ: Allows the user to
specify explicit frequencies
to calculate output

FREQL: Allows the user to
specify output frequencies
based on increments (linear)

FREQ2: Allows the user to
specify output frequencies
based on increments
(logarithmic) — default = 25.

FREQS3: Allows the user to
specify the number of output
frequencies between two
modes

FREQ4: Allows the use to
define the “Spread” (number
of recovery points) around a
natural frequency — default is
3 modes at +/- 0.1 around a
mode.

FREQS5: Allows the user to
define a frequency range
and fractions of the natural
frequencies within that
range.

[~ Create Freq Card

Fred. List

[~ Create Freq1 Card

# of Freguency (ncrements

[100

v Create Freq2 Card

# of Log Increments

[25

[~ Create Freq3 Card

Interp. Type LINEAR ~ |

# of Freguencies

[3

Cluster

[0

¥ Create Fregd Card

Freguency Spread (+-)

[01

# of Frequencies Per WMode

(3

[~ Create Freqb Card

Fractions of Frequencies

[100608090951051.112

| Close

I ~
MSC/Random 2.0 Output Frequencies |_
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Launch Random Analysis Job

After Hitting Apply in
MSC.Random, the Analysis
From will Open.

a. Click on the Available Job:
random_cantilever

b. Direct Test Input...
Page)

c. Click Apply to start the job

(Hit Yes when asked about
writing over the Analysis job)

(See next

At this point you have just run
the frequency response
portion of the analysis to
develop transfer functions. It
is the equivalent of ringing
your system with a unit load
and recording the response.

[ MsSC.Patran - =] x
Fle Group Viewport “Viewing Display FPreferences Tools Insight Confrol  Help  Utlities ﬁ‘\
DEESR AR |Fed e D 0aaaEm @% %L 40 b d80y WH"’ EEELIR
= cantilever.db - default_viewport - — |EI _I I o (]
7| Achion:  Apalyze ¥ Ge?é?"'
I | Object  Entire Modsl ~ Eleme...
L Method:  Full Run = Loads;...
L
Materials
Code: ‘MSC Nastran |
Froper...
Type: ‘Structural | "
Load ...
Stud
. [ |==
Fields
Available Jabs )
modal_cantilever Analysis
random_cantilever
Resuts
J_I 2
Insight
Job Mame xv%ot
| random_cantilever
Job Description
Jab Created by msc_random ;I
Translation Paramsters |
Solution Type... L/\
Direct Text Input.. { b
Subcases. . }\/
S | Subcase Select |
Analysis Manager |
X
EII mschastran_snalyze_sub_create.available_callback( 1. ["msc_random_base_Y"T)
i MSCIRandom 2.0 Analysis I—

Deleting 1 SGM points ...

[ [
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Direct Text Input...

A. Case Control
B. RESVEC=NO
C. OK

NOTE: In the majority of models you
will want to allow residual vector
calculations (default in Nastran
2004 and higher) as they add to
the accuracy of the modal
solution.

Therefore, if you are using this slide
as an example, in most models,
and on non-NT machines this
slide should be ignored.

This error with residual vectors only
shows on the NT version and will
be corrected in future versions.

Also note that the RESVEC error
does not appear with the modal
solution, only the frequency
response solution.

[ Direct Text Input - | | |i|
Case Control Section
$ B
RESWEC=NO
hd

" MNastran System Cell Section
" Executive Control Section

 File Management Section
& Case Control Section:
" Bulk Data Section

v Systemn Cell Write to Input Deck
v EXEC Write To Input Deck

¥ FMS Write To Input Deck

v CASE Write To Input Deck

¥ BULK Write To Input Deck

Clear_|

)

Reset | Cancel |
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Post-Process With the PSD Input

4 MsCPatran =]
Fle Group Wiewport Viewing Cisplay Preferences Tools [msight Contol  Help  Utiities '\
DSy &k Fres Bedvmaam ® = = 5| BNt B e ol o5 R u«H/’ L ooy @ %) a
[ cantilever.db - default_viewport - default_group - Entity :_EE - Ell_l ] sl (]

. Return to MSC.Random g Help | Al
(Utilities / Applications / MSC Cb Acton X Plos 7| <
Random ™ JobMame: [random_cantilever C ?Sf””

. rMaterials

. Action: XY Plots | Seloct XDB File.. | ©

N Proper...

. Select XDB File... Select the <d Random Input. L (ol
random_rantilever.xdb file e =

. Random Input... (See next “ Eniy T nodo] .
Slide) e =) 2.

. Select Node 11 [Node 11 et

[
Res. Type: ccel ¥ o
Res. Type: Accel we  Acco f X Pt

. Plot Scale: lm
. DOF 2 (Corresponds to Y ot e @
Direction)

Plot Type: F5DF~
. PSDF (Power Spectral - o e e @
Density Function (Transfer

o A Stant Freq |
Function x PSD input)

,\\ End Freq |7 L
Plot Options... (See next ’ <i Potopuons. |
Slide) /{\

Apply /J

Unpost A5 Windo |

-Apnly- | Cancel |
a G# Exe 2003 eipschastranExecute.exe LI
I | MSCRandom 2.0
Deleting 1 56M points ... | [ oM |

MSC X SOFTWARE
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Random Analysis Input

Continuation of Previous Slide
Random Analysis Input...

a. Click on the Excited Set and
Choose the
MSC RANDOM BASE_Y
subcase from the Available
Subcase list (not shown in
picture)

b. Click On Input Field, and
Select PSD from the PSD
Input Fields

c. Close

Plot Options...

d) Turn on Plot Base Input
Node (This will allow the
Large Mass Node 1 to be
viewed with Node 11)

e) Close

W Random Analysis Input

Random Input kethod:

Single Case ™ |

—PSD Inout fields

Damping =]
PSD

Update List Box |

Clear Spreadsheet |

0

) (=] B3
‘f-‘ Alto Spectral Density ¢ Uncoupled
I
—Complete One or More Rows (Similar to M3C . Mastran RANDPS card)
Excited Set Applied Set Input Field Zomplex ¥ Carmplex =
1 |1 [PSD : [10 Joo
*inp
hd
—Interpolation Scjeme
K A¥s Log™ Y Axis Logvl

Ease Input Mode To Flot

| Mode 1

v Plot Base Input Node

v X Axis Primary Grids
v X Axis Secondary Grids
v Y Axis Primary Grids
v ¥ Axis Secondary Grids

Close
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Acceleration Output From Node 11

The plot on the left contains the
large mass (node 11)
response, which matches
the input (0.1 G2/Hz input)

The G, Response, which
corresponds to the area
under the response curve
(node 11) is 27.4 G, .. This
value is often used to

characterize a curve.

In the simple cantilever case,
the Positive Crossing
number corresponds very
closely to the natural
frequency of the model.

| cantilever.db: Random

=] ]

Fower Spectral Denzity Responze
Acceleration, DOF 2 - Ty

Grid 11
Input Node 1

v-Scale = 1/386.40072

. Total RMS Response: 27.4
2 Job Mame: randorn_cantilever Fositive CrDssinpgs: 4969

10 s

Response
=
|

. | | :
1.00 0.0 100, 1000, 10000,
Frequency (Hz)

MSC X SOFTWARE
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Miles Equation To Check Acceleration

Note that the G, calculated value (27.8 G, ) matches very
closely to the FEA Calculated Value (27.4 G,,.).*

K
Calculated Frequency f = i- il f = 492.502 Hz
2.ty M
2 in
PSD Input psD = 0.1. 3 g = 386.089——
Hz 2
sec
Amplification Factor Q =10 ¢ = i ¢ =0.05
/%-f-PSD.Q
Miles Equation Grms = Gyms = 27.8
g

*The G, is slightly off due to FEA solution being an approximation subjected to the number of points used to describe the response curve.
However, in this case, it does not affect the overall accuracy of the solution. By setting the FREQ4 card in Adv. Output Requests in MSC.Random
to 5 (default=3), the user will find the solution to be more exact. However, keep in mind that on large models, higher output requests will
dramatically increase the size of data files. This is left as an exercise for the user. ~C
MSC >\ SOFTWARE



MSC Random — CRMS Displacement

Within the MSC.Random Form

a. Change the Select Nodes to Node 12

Res. Type: Disp. (Displacement)

Plot Type: CRMS (Cumulative RMS)

Plot Options (Turn off the Large Mass Node)

Apply

® oo

Crus Corresponds to the summation of displacement
across the bandwidth. The summation
corresponds to the 1c displacement, while the
curve is helpful in determining where the largest
influence from all of the modes occurs. You
should notice that the largest influence
corresponds to the largest acceleration peaks and
ultimately to the largest response on the mass
participation tables in the modal analysis.

Action: XY Plots v| El
Job Name: | randam_cantilever

Select XDB File |

Random Input. .. |

XY Plot Window MName
| Random

Entity Type: node = | @

Select Nodes
[ Node 12

Res. Type: Disp.™ | Q‘))
|1 0

Plot Scale:

Component  DOF 2‘|
Plot Type: CRMS'l @

[T Calc. RWMS In Range

Start Freq |
End Freq |

Flot Options... |( d
Unpost X Window |
-Apph- Cancel |
€
hd|

MSC/Random 2.0 I
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CRMS Displacement

B cantilever.db: Random - ||:||i|

The Total RMS Response
(CRMS Response = 0.0011

. : Cumulative RMS Function
inch over the bandwidth of Displacement, DOF 2- Ty

Grd12)

20 — 2000 Hz. This is the 1s
displacement of tip of the
cantilever beam. Because
we are using Node 12, which 1.0-002
is part of the explicit MPC
between Node 1 (base) and
Node 11 (tip), we have 1 0-004
removed the large mass
displacement of the system.

Node 12 = Node 11 — Node 1

Total RMS Response: 1.099e-003
Fositive Crossings: 497.0

Job Mame: random_cantilever

1.0-003

1.0-006

0-006

RMS: Curnulative

—

0-007 Largest Displacement

Gain at 492.5 Hz

b
o]
o]
[e#]

|

i
2
o]
[da]

|

1.00 0.0 100, 1000, 10000,
Frequency (Hz)
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Displacement — Hand Calculated

Using the Displacement calculation for a beam in bending, where P =W = 0.1 Ib;, the 1c
displacement = 0.0011 inch. This corresponds very well with the 0.0011 inch CRMS
displacement calculated from MSC.Random.

Miles Equation

Displacement Total
(Bending + Shear)

Cumulative Displacement

T
~ f.PSD.
5170

9

Grms =

PL>  PL

T= +
3El  KgAG

8CRMS = Grms'ST

Grme = 27.8

'ms

81 =4.032x 10~ in
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CRMS Stress

Return to the MSC.Random
Form

Entity Type: cbar

Select Bar Element: EIm 1
Res Type: Stress
Component: Sc-A

CRMS

Apply

-~ ® Qo0 oW

Sc-A = Bending Stress on
Beam

) -Apply- |

()

Load ...
[ Random =
Entity Type: cbar v F'e(;js
Anahysis
Select Bar Elements ( &
| Elrm 1 Results

- =] x|
Fle Group Wiewport Wewing Display FPreferences Toolks [nsohtControl Help  Utites P
DEdSR oML R|F9s (DS oQR[E 0 @M% % L4 P E LAWY L4500 %% d
[ cantilever.db - default_viewport - defauli_group - Entity & oz ]
= ||| s=orm...
G| Action: XY Plots ~ | @
| ] Eleme...
| Job MName random_cantilever
,: Loadsf...
x Ew
L) i
- 1 Selsct XDB File. . | i
emen -
Random Input | FIGEET .
XY Plot Window Narne H

Component  ScA™
Plot Type: CRMS™

[~ Calc. RMS In Range

Start Freg

@
Res. Type: Streaa ' Irsight

2
Plot Scale: 10 *Y Plot

End Freg

Plot Options. .

| Post Last 30 Window

Cancsl

MSC/Random 2.0

=]

Deleting 1 SGM points ...

[
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CRMS Stress - Results

Cumulative Bending Stress:

1o Stress = 164 psi

= cantilever.db:

RM5: Cumulative

1.0+003

1.0+002

1.0+001

1.0+000

1.0-00

1.0-002

1.0-003

1.0-004

Random

Curnulative RMS Function

=8|

CBAR 1]

Stress, Sc-A

Total BMS Response: 1639
Faositive Crossings: 497.0

Job Marme: random_cantilever

i Largest Stress Gain at
492.5 Hz

T | | |

1.00 100 100. 1000, 10000,

Frequency (Hz)
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CRMS Stress — Hand Calculated

The Hand-Calculated 1-Sigma Cumulative Bending Stress (167 psi) corresponds with the
FEA-Calculated Stress of 164 psi*.

%-f-PSD-Q
Miles Equation Grms = Gyms = 27.8
g
Moment from Displacement Moment = M-g-L Moment= 1in-Ibf
Bending Stress Cp = Momenth Cp = 6psi
21
Cummulative Stress SHhCRMS = b Crms ShCRMS = 167psi

*The stress is slightly off due to FEA solution being an approximation subjected to the number of points used to describe the response curve.
However, in this case, it does not affect the overall accuracy of the solution. By setting the FREQ4 card in Adv. Output Requests in MSC.Random
to 5 (default=3), the user will find the solution to be more exact. However, keep in mind that on large models, higher output requests will
dramatically increase the size of data files. This is left as an exercise for the user.
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Review of Assumptions for Miles Equation

Miles Equation Assumptions
M Single Degree of Freedom System

B Assumes that all energy across the entire bandwidth of interest is the result of one mode
(one dominant frequency)

M The input and response are in the same direction (no cross-spectral response with other
directions)

B Damping is the same across the entire structure

With Complex Structures (2 or more DOF’s), Miles Equation Fails Due to the following:

B A PSD input may have different G2/Hz values across the entire structure (ie. the curve is
not a straight line at one value)

B The complex structure will most likely have more then 1 mode that has significant mass
that contributes the response.

B There will most likely be some cross-spectral response (ie. very difficult to isolate specific
directions)

B Damping may vary across the structure (especially at joints).

With all that, it is still a very good idea to check your results against Miles Equation, as the
majority of response for most structures can be generalized with a single mode. If you
squeeze the bandwidth of interest around that mode, then Miles Equation becomes more
accurate.
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