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WHAT WE ARE GOING TO DISCUSS

Most engineers are pretty familiar with the general concepts of vibration analysis but maybe just need a
few pointers on the fundamentals and perhaps some suggested readings. This white paper provides the
simulation engineer with all the necessary background to perform the following analysis sequences with
Femap and NX Nastran.

o Normal Modes Analysis

o

Natural Frequencies and Mode Shapes (why they are only shapes and not magnitudes)

Utility and Significance of Mass Participation

o

o

Mode Strain Energy

o Modal Frequency Analysis

° Theory of Modal Frequency (all loads are sinusoidal)

o

Shaper Table Sine Sweep Analysis
° Expanding Complex Results
o PSD Analysis

o

Modal Frequency Analysis using Statistics
° One Sigma versus Three Sigma von Mises Results
° Fatigue Analysis with PSD

o Direct Transient Analysis (it is easier than you think)
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1. INTRODUCTION TO LINEAR DYNAMICS (NX NASTRAN)

Vibration analysis is a huge topic and is easily the second most common type of FEA analysis after the
basic static stress analysis. Within the field of vibration analysis, the most common type of analysis is that
based on the linear behavior of the structure or system during its operation. That is, its stress/strain
response is linear and when a load is removed, the structure returns to its original position in a
stress/strain free condition. Although this might sound a bit restrictive, it actually covers a huge swath of
structures from automobiles, planes, ships, satellites, electrical circuit boards and consumer goods. If one
needs to consider a nonlinear response of the structure during operation, there exist codes such as LS-
DYNA that can solve for the complete nonlinear vibration response. But that is not simple or basic and is
left for another seminar sometime in the future.

Vibration Rich Environment Linear FEA Model (courtesy Predictive Engineering)
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1.1 SOME EXAMPLES OF LINEAR VIBRATION ANALYSIS (PREDICTIVE)
3,000 HP Transmission Drive Train Coupling
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1.2 EIGENVALUE OR NORMAL MODES ANALYSIS (GOTTA HAVE MASS)

When the structure can be considered linear and we are interested in its vibration response, NX Nastran
provides a broad spectrum of analysis solution sequences to investigate its response. The starting point
for all of this work is the EOM for the dynamic behavior of a structure:

. . o’y Ou
Linear Dynamics: EOM. m-—+c—+ku=r(t)
ot ot

o°u
ot°

Assuming a solution of the form: U = uo sin ot

+ku=0

Eigenvalue problem: undamped free vibration: m

Then: [k — cozm]{uo}: 0
For non-trivial solutions (i.e., u, # 0):

2 K
[k — m] — O Giving us the well-known frequency relationship: (O = [ —
m
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This is a beautifully simple relationship but it assumes that the stiffness of your structure stays constant or
does not change due to load application. From the normal modes analysis, one can determine the natural
frequencies of the structure (w) but also the form of its vibration response or its mode shape.

For now, here’s a short list of what one can learn from a normal modes analysis:
o The natural frequencies (since no load is applied, the response is “natural”)

o How the structure will deform at the natural frequencies but since there is no load, the mode shapes
do not indicate the magnitude of the vibration response only its shape)

o The amount of mass that is associated with that particular frequency

o Strain energy plots to determine where the structure is flexing or straining the most at that
particular frequency

Given that this seminar covers prior material, if these items don’t immediately make sense to you, you'll
find a more detailed explanation in my article “Linear Dynamics for Everyone.pdf”.

Before we leave this subject, a static stress analysis is nothing more than the above equation with
acceleration and velocity at zero and time = zero:

Ku=F
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2. FOUNDATION OF FREQUENCY ANALYSIS
2.1 BABY’S FIRST BEAM MODEL

Normal modes only needs three material properties and some FEA lash up that will create a stiffness /
mass relationship. A constraint set is optional.

Elastic Properties and Mass Density (Snails)
I Define Material - IS <

D1 Title Aluminum| | Color 104 Palette... Layer 1

General ‘Function Referenctﬁl Nonlinearl Ply/Bond Failure | Creep | Electrical/Optical | Phase‘
Stiffness Limit Stress

Youngs Modulus, E 10300000. Tension 0.

Shear Modulus, G 0. Compression 0.

Poisson's Ratio, nu 0.33 Shear 0.

Thermal

Expansion Coeff, a 0.
2.64243E-4

Mass Density
Conductivity, k 0.

Damping, 2C/Co 0.

Specific Heat, Cp 0.

Reference Temp 0.

Heat Generation Factor 0.

Wsiisiy,

App
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2.1.1 HERE’S YOUR MODAL ANALYSIS CHECKLIST
o Elastic and mass properties are in consistent units

° The weight of your structure can be checked by summing the mass of the model and
multiplying it by gravity (for US units of Ibf, inch and seconds, it would be 386 in/s’)
o FEA model with a sufficient mesh density to capture the frequencies of interest (see below)

o Constraint set that reflects reality as close as one can with a numerical simulation

Three Element Mesh (Coarse) Twelve Element Mesh (Fine)

Doesn’t Exist
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2.1.2 SETTING UP THE MODEL FOR NORMAL MODES WITH MASS PARTICIPATION

- ~
u NASTRAN Modal Analysis . —c—
: I B EGH Method D 1
Title NX Nastran Modes Analysis Set Real Solution Methods Range of Interest
(@) Lanczos Real Imaginary
Analysis Program 36..NX Nastran v ) Auto (HOU/MHOU)
Analysis T | Mod I Subspace From (Hz) 0. IO—I
Analysis lype 2..Normal Modes/Eigenvalue v —
! 9 Legacy Real Solution Methods To (Hz) 0. 0.
l:‘ Run Analysis Using VisQ ¢ j" Giers Eigenvalues and Eigenvectors
(") Modified Givens
I oK ] l Cancel O s R Number Estimated D
(") Inverse Power/Sturm Number Desired 10
() Householder
. Normalization Method Mass
() Modified Householder @M @ Default
(@) Mass (@) Defaul
Complex Solution Methods 7 Max blode 1D \II @ Lumped
# | Analysis Set Manager (Active: 1.NX Nastran Modes Analysi... "= () Hessenberg - oo E - 2
- Point () Coupled
= Analysis Set - T..NX Nastran Modes Analysis Set () Complex Inverse Power
nalysis Set : 1.. astran Modes Analysis Sef - o i Geis
-Solver : NX Nastran A0S () Complex Lanczos = &
- Type : Normal Modes/Eigenvalue | Analyze Multiple... ‘ Solution Type Convergence
~Analyze : Local e @) Direct Region Width
7 e  ode
[ Executive/Solution por Modal Crverall Damping (G)
i GEOMCHECK = [ pev. || nmext. | | oK [ cancel |

- MODELCHECK Preview Input

& Modal/Buckling

t DDAM — r

& Rotor Dynamics [ mutiset. | NASTRAN XY Output for Modal Analysis ——
=1 Modal XYPlot —
Not Defined &
[ Response Spectrum Application Delete Output Requests
[ External Superelement Reference e EEEE———

H-Master Requests and Conditions Summar\_,.v
--No Cases Defined
Modal Participation Factors
N Modal Effective Mass
[ |Modal Effective Weight
[¥|Modal Effective Mass Fraction!

Reference Node 0

I OK I l Cancel
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2.1.3 INTERPRETING RESULTS BASED ON ORTHOGONALITY AND MASS PARTICIPATION
Cylindrical structures will have orthogonal modes that indicate that the structure actually has an infinite
number of mode shapes at that frequency. But if you ain’t using “rods” — you’ll never see this in your
analysis.

Frist Frequency 386.8 Hz Second Frequency 386.8 Hz

Wsiisiy,

= =R Applied CAx / Predictive Engineering White Paper — Please share with your Friends Page 10 of 43
Applied CAx " sleennE . !

We do this every day



&

Lo RN Principles of Vibration Analysis: Normal Modes to
Predictive Engineering PSD to Direct Transient

Date: 10/9/2014

Mass participation tells you which modes have the “umph” and how many frequencies you need (modes)
to accurately capture the dynamic response of the structure. On this later subject, a modal frequency
analysis (e.g., PSD) formulates its response based on the number of modes chosen for the analysis. To
ensure that you have captured the dynamic response of the structure, you’ll want to use enough modes
that you have at least 90% of the mass of the structure covered. What does this mean? Take a look at this
screen shot showing the Mass Participation versus Number of Modes for the simple rod model. The
bending modes capture 90% of the mass after 6 modes while to get the axial mass, it takes 26 modes.

T Pasansidl

0.6

- Mass SUM T1 Node 0 (2)
- Mass SUM T2 Node 0 (4)
- Mass SUM T3 Node 0 (6)

Summation of Mass Participation
o f=3
S i

o
w

0.2

0.1

JI

0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Mode
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2.1.4 SYMMETRY AND FREQUENCY ANALYSIS

This is just a little note to remind everyone that you can rarely use symmetry in a frequency analysis since
the mode shapes are rarely symmetric. It sounds off but the higher frequency mode shapes are not
symmetric. One might be able to use symmetry if you are only interested in the most basic mode shape.

St . oo B | & ot

At the first mode, we have the same natural
frequency.

X

~

Output Set: Mode 1, 204,148 Hz Output Set: Mode 2, 204,148 Hz
Deformed(538.8): Total Translation Deformed(381.): Total Translation

Z

3

S = | ()

At higher frequencies, things get lost.

Output Set: Mode 4, 825.0006 Hz Output Set: Mode 3, 575.2129 Hz
Deformed(574.3): Total Transtation Deformed(621.9): Total Translation

z

3

Py,

o tteliRS S . . . . . . . .
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2.1.5 SIGNIFICANCE OF STRAIN ENERGY FOR FREQUENCY ANALYSIS

If one wants to move your natural frequencies up or down, sometimes intuition is good enough but it
never hurts to have a quantitative tool. When a structure flexes or vibrates, there will be regions within
the structure that are deforming more and other regions less. Since a natural frequency analysis provides
you with the mode shape (dimensionless deformation); it can also easily provide you with a contour plot
of the relative strains within that structure. It sound simple but can be tricky. Just to make sure that we
understand this concept, we’ll use a very simple model to explain this concept.

A center strip of the model has been thinned. This allows us to clearly see the effect of how strain energy
plots can show us how to modify the structure to increase or decrease its natural frequencies.

The Default Setu Follow the Red — Increase the To Increase the Fifth Mode — Increase
P thickness of the outer strips the thickness of the middle section
Noston Output Reguests o ﬁ s160. 893541.
Nods Bemeta ‘ 550, 834862,

v 0..Full Model - Forcn 0..Full Model
Applied Load . 9 L
7 Constraint Force 0

776184.
717505.
658826.
600147.
541468.
482789.

7948,
7388,
6727,
6117,
5506.
489,
4285.
> 3675,

3064.

Customization — 2453,
7/ Element Comer Resilts Results Destination L 1843
Output Modes ( a/b,c THRU ) 2. PostProcess Only :

Echo Model | o 1232.

Sress

Equation Force -
Force Balance
Yelocity
Acceleration
Kinetic Energy 0..Full Model - Temperature

Temperature. 0..Fult Model s Kinetic Energy

248074.
189395.
130716.

72037.

| © Meon SRWirmorang [ cona | 0 Qutput Set: Mode 1, 195.1324 Hz 6218 Output Set: Mode 5, 1502.697 Hz
Results

| [ Relat Deformed(393.6): Total Translatinn 1129 Def d(646.6): Total T Jati
= = ‘ Elemental Contour: Strain Energy Ele;';'::a'(ccmw)ur:%train’;s;g';" 13358,
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3. STANDARD NORMAL MODES ANALYIS

To see how this is applied in practice, we will run through an analysis project from start to finish (Normal
Modes, Modal Frequency, PSD and Direct Transient). The model has been tweaked to protect the
innocent.

We are starting with a PCB with two heavy electrical components. The PCB is a plate structure and the
electrical components are modeled with solid elements. The PCB is screwed into a heavy component at
the ends. The client must demonstrate that their PCB component can survive GM’s vibration, PSD and
Direct Transient (pothole) specifications (but that has been modified to confuse any automotive spies).

Femap v11.1.2A Model Units: N, mm, Tonne, s
) o 5 T | [
F’; Tk ey ot s Wy U Dok, oo o, Wi iy, s oo e — e =z Define Material - ISOTROPIC E
IETTIE PR EE L LI e sy resscERe) X ORg ERe. 5. Eeearsrvemmnnlio s o f i
3| Modelnfo e om Mo... AFR GB14 g S
; FEE S D1 Title FR4 PCB Color 55 Palette... | Layer 1 Type...
B0 Geametry
j . :m‘" oyl General ‘ Function References li | Ply/Bond Failurel Creep | Electrical/Optical | Phase‘
| Stiffness Limit Stress
Youngs Modulus, E 21000. Tension 0.
Shear Modulus, G o Compression  0-
Poisson's Ratio, nu 0.15 Shear 0.
Thermal
Expansion Coeff, a 0. I
.~ Mass Density 3.13559E-9
Conductivity, k 0.
} — Damping, 2C/Co 0.
Specific Heat, Cp 0.
) Reference Temp 0.
Heat Generation Factor 0.
I
|
C l Load... l [ Save... ] l Copy... ] | oK | [ Cancel
oy
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3.1 MODEL SETUP

Since we know in advance that we will be doing more advanced frequency analyses, we can set up the
constraints such that we don’t have to mess with them in downstream analyses. The RBE2 element is
setup to mimic a pinned connection at each of the PCB mounting holes. This is done by releasing the
dependent DOF’s of the RBE2. If you are not up-to-speed on multi-point-constraint (MPC) theory, take a
look at our Seminar “Connections 2013: RBE2, RBE3 and CBUSH Elements”.

RBE2 Element to Common Node RBE2 with 3-DOF Dependent Nodes

“Define RIGID Hement _Enter Nodes or soect wits Corso N == |
Define RIGID
Dependent Independent
Nodi 483 2 I "
lodes... Py
DOF 434 |E @) Node 1
485 g N
Mimx [Crx 486 (2) New Node At Center
487
Mt Ry 3| |ass
489
Witz Rz 490
491
Reset 402 o

Thermal Expansion

Single RBE2

s [~
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3.2 NATURAL FREQUENCY RESULTS AND INTERPRETATION

poon @ A normal modes / Eigenvalue analysis is the starting point for all linear

Tile | X000814-01 Nomal Modes Analysi dynamics work. It is simple to setup but difficult to interpret the results.

Analysis Program 36..NX Nastran -
Analysis Type 2..Normal Modes/Eigenvalue v

["] Run Analysis Using VisQ

T

r ' r h
Boundary Conditions M NASTRAN Modal Analysis = u Mastran Qutput Requests -— — — u
Primary Sets [ | skip EIGx Method D 1 Nodal Elemental
Constraints 1..Universal All-Purpose Con: Real Solution Methods Range of Interest
@ Lanczos - Imaginary Displacement 0..Full Model - D Force 0..Full Model -
Loads 0..Mone - | | ® auto oumHoU
O Auto (1 ) [ Applied Load 0..Full Model | [[]stress 0..Full Model -
From (Hz) 0. 0.
Temperatures 0..From Load Set hd Subspace H
. . Legacy Real Solution Methods To (Hz) 0. 0. l Constraint Force  0--Full Model h D Strain SEhtlio ] e
Initial Conditions 0..Mone hd __
{AETEE Eigenvalues and Eigenvectors ' DEquﬁtiDn Force 0..Full Model - Strain Energy 0..Full Model h
. . . () Modified Givens
Constraint Equations 0..From Constraint Set - | Invaree Foner (¥l s (B 0 [ Force Balance 0..Full Model - Heat Flux 0..Full Model -
Bolt Preloads 0..From Load Set - @ Tnverse Power/Sturm Number Desired 10 [T velocity 0..Full Model - Enthalpy 0..Full Model -
) Householder
Other DOF Sets | - Normalization Method [] Acceleration 0..Full Model - Enthalpy Rate 0..Full Model h
(' Modified Householder @
Master (ASET Il
aster (ASET) 0..None - N i e M - Node 1D [0 e A 0..Full Model - Temperature 0..Full Model -
; ; ooF o -
Kinematic (SUPORT) 0..Mone - < Hessenberg Foint () Coupled Temperature 0..Full Model - D Kinetic Energy 0..Full Model -
" () Complex Inverse Power
SUPORT1 0..None hd i 0 (©) complex Lanczos Complex Solution Options I:‘ Energy Loss 0..Full Model -
Convergence 0.
e 0..None h Solution Type d Fluid Pressure 0..Full Model h
(@) Direct Region Width 0. o
QSET 0..None - Vo S ) Customization
oda verall Darmping b
[l Element Corner Results Results Destination U
CSET 0..None hd
oK l [ Cancel ] Output Modes { a,b,c THRU d ) 2..FostProcess Only -
BSET 0..Hone - |
Echo Mocel
I (@) Magnitude/Fhase Real/Imaginary
l Prev... “ Next... i [ 0K ” Cancel
Relative Enforced Motion Results
.
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The mode shapes indicate the shape of that particular natural frequency. Since we are solving the EOM
that has no {Force} or {Load}, the mode shapes have an arbitrary magnitude but they do tell us something
very important. For example, the first mode flexes in the Y-direction and if excited in that direction, the
structure would have a very strong response.

Output Set: Mode 1, 200.4665 Hz

Output Set: Mode 2, 380.1996 Hz
Deformed(1.112): Total Translation

Deformed(1.058): Total Translation

Output Set: Mode 3, 672.5712 Hz
Deformed(1.379): Total Translation

Output Set: Mode 4, 1015.848 Hz
Deformed(1.08): Total Translation
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3.2.1 MASS PARTICIPATION
As engineers, we like to quantify our work and just to say it has a “strong response” is not exactly very
gualitative. To remove some of this subjectiveness, it is useful to ask the model how much mass is
associated with each natural frequency. That is, each natural frequency moves or captures a certain mass
percentage of the structure. Its total dynamic response is the summation of all its natural frequencies
(which can be a lot or just a few depending on the structure).

Analysis Set Manager / Normal Modes With the Not Defined item highlighted, hit the Edit
¢ _ . = button and the NASTRAN XY Output for Modal
|7 Analysis Set Manager (Active: 1.XXX-0814-01 Normal ...~
iy Set 10000081401 Normal Modes Anyes Analysis dialog box will appear. This box requests
- Solver @ NX Mastran
e e Fgenvelue the mass particpation factors.
[=]-Options Eport
-- Executive/Solution _ -
e NASTRAN XY Output for Modal Analysis e
B MODELCHECK
:g;,::,:mucmmg | Output Requests
Fil- Rotor Dynamics
=)-Modal XYPlot Summary
_ Defined| Copy
-- Response Spectrum Application I Modal Participation Factors
(- External Superelement Reference Delete I
[2-Master Requests and Conditions Modal Effective Mass
- Title : Untitled
-- External Superelement Creation l:‘ Modal Effective Weight
3?;;3: Q’echgi';“’”s Modal Effective Mass Fraction
No Cases Defined
[i1-Analysis Set : 2..X00(-0814-01 Y-Axis PSD Analysis New... Reference MNode 0
[H-Analysis Set : 3..X0{-0814-01 Y-Axis Transient Shock (Pothc
Edit..
I
[ oK H Cancel I
<] 10 3 Done
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Once the mass participation items have been requested, the results are output as functions. I like to plot
the SUM functions in the T1, T2 and T3 directions. As can be seen, the first natural frequency captures
90% of the mass of the structure in the T2 direction (Y-direction) and would be scary if excited.

@ Femap with NX Naﬁ sz AnaEis from Modal to MF to PSD to DT.modfem] - [P
—— i—

File Tools Geometry Connect Model Mesh Modify List Delete Group View Window Help Predictive Engineering -8 X
locaga e mmEee o glusa fcdrgs LT Fs)00000 +X¥Z aarike Ege- m e & 5 s - J@aes®swve [idcusonioos
'E i Charting 2 % Model Info % x - Predictive Engineeri abx

2| g 2.X¥ Show v 3|16 - T - ac- - - (2~ € -] 2 (G- | I 028 % A

) @& Loads -

& 1 & Constraints
_— E-fy Functions
_/ ~fy 1.PSD Profile Table 27 GMW3172 2
09 foy 2.PSD Driver Function over Frequen
~hy 3.PSD Modal Freguency Critical Da| |
I oy 4. Transient Shock (Pothole) from Tz
08 ..fy 5.Mass FRAC T1 Node 0
| ’ -y 6.Mass SUM T1 Node 0
foy 7.Mass FRAC T2 Node 0
071 --fey 8.Mass SUM T2 Node 0
| s Y %y 9.Mass FRAC T3 Node 0
= fy 10.Mass SUM T3 Node 0
E by 11.Mass FRAC R1 Node 0
! & 067 fiy 12.Mass SUM R1 Node 0
S oy 13.Mass FRAC R2 Node 0
= fy 14.Mass SUM R2 Node 0
S 05- * Mass SUM T1 Node 0 (6) fy 15.Mass FRAC R3 Node 0
K, @ Mass SUM T2 Node 0 (8) -fey 16.Mass SUM R3 Node 0
£ %y 17.Madal PF T1 Node 0
& 04- * Mass SUM T3 Node 0 (10) fy 18.Modal PF T2 Node 0
@ -y 19.Modal PF T3 Node 0
© %y 20.Modal PF R1 Nade 0
= 53 by 21.Modal PF R2 Node 0
~fy 22.Modal PF R3 Node 0 B Y
‘ ‘ fo. 72 I”:Clnrlnl AA T hj-\rln n D Z -‘.
0.2+ 1@ Model Infol% Meshing j m PostProcessing
{ Entity Info 2 x X<
0.1+
Q0 T T T T T T T T
1 2 3 4 5 6 7 8 9 Output Set: Mode 1, 200.4665 Hz
Normal Mode Number Deformed(1.112): Total Translation
[Eﬁ'Messages}
Ready - Nodes: 7442, Elements: 6249 ‘ Prop:0 Ld:2 Conm:l Grp:l Out:l l
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4. MODAL FREQUENCY ANALYSIS

What does it mean to have mass and shape? It means that if your vibratory load is aligned in that
direction and near that frequency, you have the perfect storm.

A modal frequency analysis is driven by a sinusoidal varying load. Its EOM is given as:

_ 0’u  du
Fysin(wt—0) =m——=+c—+ ku
dt? ot
And since it has a force, we get displacements and stresses from a model; however there is a hitch, results
from this type of analysis are given in the form of magnitudes and phase angles. For example,
displacement at any node is given as u, and 6, and when requested, Femap can calculate the time varying
response at any solved frequency (w) as:

u = u,sin(wt — 0)

Thus, a modal frequency analysis assumes that the forcing function is sinusoidal and solves the EOM in
the frequency domain with results kicked-out in the form of absolute magnitudes and phase analysis. This
makes interpretation of the results somewhat challenging and requires a bit of understanding of how the
sinusoidal varying load is interacting with the mode shapes within each frequency.
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4.1 RUNNING A MODAL FREQUENCY ANALYSIS IN FEMAP AND NX NASTRAN

| . =) We'll start with this option and explore what happens when you hit
this circuit board with a sinusoidal varying 1 g acceleration in the Y-
Tifle | 300-0814-01 Modal Frequency Analysis direction. Since we know from our junior level mechanical
Analysis Program  36..NX Nastran M engineering vibration class that if we don’t apply a bit of damping to
Analysis Type 4. Frequency/Harmonic Respon: the analysis, the response goes to near infinity; hence we’ll use the
[C] Run Analysis Using VisQ engineer’s standard of 2% critical damping.
[ vete. ] [ o ][ concel |

For this analysis, we’ll create the critical damping function and let the program determine the solution
frequencies.

5 ot pticn B == Damping is given as a function and is constant over
oo | the complete range of interest and since it doesn’t
=5 matter, | just set it at 0.02 from 10 to 20,000 Hz.

] If one wants to know more, take a look at this
d document:
- — H ] NX Nastran Dynamic Analysis.pdf
Quries o) ' Lot i ey
= (oo | savetoubrary... |[ cCopyto Clipboara |
To X Ta Y [E l oK H Cancel l
= A
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Units for dynamic analysis can be challenging. In this example model, the units are a modified SI system of
N, tonne, mm and second. For the acceleration load of 1 g we have 9,800 mm/sz. The load is applied at
the independent node of the RBE2 element. It may seem funny that one can apply an acceleration load to
a node that has all six DOF fixed but the modal frequency analysis understands the request and ignores

the T2 SPC tag.

r Bl
Editing Load Definition - [
Load Set 1 Motor Frequency
Title Acceleration on Node in mm/sec™2 Coord Sys  0..Basic Rectangular -
Color 10 Layer 1
Qrecten Hethos
(@) Components (@) Copstant
() vector (") variable
() Along Curve () Data Surface
'_: ! Normal to Plane
() Normal to Surface Specify... Advanced...
Load
Value Time/Freq Dependence Data Surface
ax  [Ofo. 0..None - 0..None - (|
AY 9800 0..None -
az [O|o. 0..None -
Phase 0. 0..Mone -
[ OK ] l Cancel
-
Applied CAX Page 22 0143

We do this every day



FiNITE ELEMENT ANALYSIS

Predictive Eng‘lne'erlng

Principles of Vibration Analysis: Normal Modes to
PSD to Direct Transient

Date: 10/9/2014

This is the heart and soul of the Modal Frequency Analysis setup. As one walks through the screens, we
chose the Modal solution type, and request that 10 Eigenvalues and Eigenvectors be used to form the
solution set. The next screen, we set damping to use our 0.02 critical damping curve and we request the

solution frequencies. This can be done by creating your own function or letting Femap calculate the
solution requests based on the natural frequencies. We chose the later by pressing the Modal Freq button
and requesting solutions over the first four natural frequencies with a band spread of 10% (default).

NASTRAN Modal Analysis

=)

[ Jiskip E16%
Real Solution Methods
(@) Lanczos
() Auto (HOU/MHOU)
(") subspace
Legacy Real Solution Methods
() Givens
() Modified Givens
() Inverse Power
() Inverse Power[Sturm
(") Householder
(") Modified Householder
Complex Solution Methods
Hessenberg
Complex Inverse Power
Complex Lanczos
Solution Type
C) Direct
(@) Modal

Prev... ] I Next...

MethodID 1
Range of Interest

Real Imaginary
From (Hz) 0. 0.
To (Hz) 0. 0.

Eigenvalues and Eigenvectors

Mumber Estimated 0
Mumber Desired 10
Normalization Method Mass
'-.?.' Mass Node D |0 '.?_.' Default
() Max () Lumped
DOE 0 .
Point (") Coupled

Complex Solution Options

Convergence 0.
Reqgion Width 0.
Cverall Damping (G) 0.

oK ] ’ Cancel

F

Dynamic Control Options

)

Options for Dynamic Analysis | Advanced Options|

Equivalent Viscous Damping

Overall Structural Damping Coeff (G} 0.

3..PSD Modal Frequer «

|| As Structural { KDAMP )

Modal Damping

Equivalent Viscous Damping Conversion
Convert using Solution Freq [ WMODAL )
["|rigid Body Zero Modes( FZERO ) 1.E-4
Freq for System Damping (W3 - Hz) 0.
Freq for Elernent Darmping {4 - 0.

Frequency Response

Frequencies hd

Limit Response Based on Modes

Number of Modes 0

Lowest Freq (Hz) 0.
Highest Freq (Hz) 0.

Transient Time Step Intervals

Murnber of 0
Time per 0.
Output Interval 0

Response/Shock Spectrum

Darmping/Freq Correlation

0..None v | |y
I Prev. l I Next ] 0K l l Cancel
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Since the linear dynamic response of a structure is determined or composed of its natural frequencies it

often makes the most sense to request solutions at and around (Frequency Band Spread) these natural

frequencies. Once this is done, the program creates a function showing how these solutions are spaced

apart. The numerical value of the function is only for graphical utility since Nastran solves at each

requested frequency.

F

Frequency Table From Madal Results

Modal Results

First Freq 1.Mode 1, 2004665 Hz

LastFreq 4 Mode 4. 1015.848 Hg

Additional Solution Frequency Points

Mumber of Points per Existing Mode

Frequency Band Spread (+/-)

10.

[ OK ] ’ Cancel

%

|8 ] Function Definition

o = C

D5 Title Modal Frequency Table

X -Frequency ¥ -Factor

Type 3..vs. Frequency hd

[ Axis Log Scale []¥ Axis Log Scale

Factor
190.44317 1. 2

200.46649
210.48982
22051314
34217966
361.18964
380.19962
399.2096
418.21950
605.31412
£38.94268
672.57124
706.1998
732982836
914.26364
965.05606

1015.8485 [ . .

1066.6409
11174333

RN OO R NEO O RN DO M

1804198 2975466 4146732 5317999 6489266  766.0533 883.18 1000307 1117433

Frequency

Data Entry
(@ Single Value () Edit Phase ( X )

(JLinear Ramp () Edit Magnitude () Do L

(") Eguation (7 Periadic ¥ Yariable |x
X Y

To X To

Add l Copy Function... ] [ Get Data Series Data ]

Update l Load from Library... ] [ Paste from Clipboard ]

Save to Library... H Copy to Clipboard ]
|

|

oK

[
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Then, one applies the boundary conditions and then lastly, one sets the output requests.

-

Boundary Conditions

)

-

Mastran Output Requests

Primary Sets Nodal Elemental
Constraints ..Universal All-Purpose Con:
[] Displacement 0..Full Model [ |Force ..Full Model -
Loads ..Motor Frequency -
[ Applied Load 0..Full Model [¥] Stress ..Full Model -
Temperatures ..From Load Set - 0..Eull Model [ Strain ..Full Model -
Initial Conditions ..None -
[ | Equation Force 0..Full Model Strain Energy ..Full Model -
Constraint Equations ..From Constraint Set - [~ Force Balance 0..Full Model Heat Flux -Full Model -
Bolt Preloads _From Load Set - [ | velacity 0..Full Model Enthalpy ..Full Model -
[¥] Acceleration 0..Full Model Enthalpy Rate ..Full Model -
Other DOF Sets L
Master (ASET) None - Kinetic Energy 0..Full Model Temperature -Full Model -
0..Full Model T ..Full Model -
Kinematic (SUPORT) ..None - Temperature [ | Kinetic Energy
..Full Model -
Energy Loss
SUPORT1 .None - [ Energy i
Fluid Pressure --Full Model -
OMIT ..MNone hd
Customization .
QSET ~-None h Element Corner Results Results Destination Prev...
CSET ..None - Output Modes ( a,b,c THRU d ) 2..PostProcess Only
T -
(@ Magnitude/Phase (") Real/Imaginary
l Prev “ Next... | l oK “ Cancel I I [ | Relative Enforced Motion Results
L
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And the results show no surprises with the response peaking at the first normal mode at 200 Hz. If it is
your first time with Modal Frequency, then the output results will seem a bit odd since you don’t have
Total Translation or a von Mises stress. All that you have are individual displacement and stress
components. This goes back to the nature of the solution where the output is in magnitudes (u,) and
phase angles (B). Hence, to get the time varying nature, you need to expand the complex results.

Charting E|
1 3.Unities =% I F e e e
0.135
013
0.125 |
0.12
01154 Select PostProcessing Data !E
0.11
0.105 View 1 Predictive Engineering Dynamic Max/Min
0.1 Qutput Sets
P + NX Mast
0.095 11..Case 1 Freq 180.4198 - & e astran
0.09 Analysis Type : Frequency
0.085 Set Value : 180.4198
0.08
0.075 Output Vectors
0.07 5 [ Deform E & l Transform... I [ Vector Info... ]
0.065 = T2 Translation (Node 1) vs Set Value 2.T1 Transiation A Min S — 0.00672577
0.06 + T2 Translation (Node 5192) vs Set Value o Tt M
0.055 Contour :E ;;i;:‘;:m w I Transform... I [ Vector Info... ]
0.05 7..R2 Rotation Min -
0.045 | 8..R3 Rotation
0.04 22..T1 Acceleration l Multiple Contour Vectors... ]
N 23..T2 Acceleration
0.035 24..T3 Acceleration L
0.03 Contour 28..R1 Angular Acceleration = beations...
0.025 may 27..RZ Angular Acceleration perons
X L + 28..R3 Angular Acceleration Options...
0.02 il 250..Complex Mode Shape E
0.015 6043..Plate Top Fiber )
0.01-
0.005
0 | e ——
-0.005
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
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To obtain the time varying response from a Modal Frequency, one goes to Model / Output / Expand
Complex and pick your solution of interest. For this structure it is the maximum response at 200 Hz and
then we’ll request that it is expanded into 12 solutions.

-
1 Select Complex Qutput to Expand
Madel - PCB Analysis from Modal to MF to PSD to DT - Final Modal Frequency Analysis.modfem
Output Sets Qutput Vectors
|| All Output vectors From Output Set [i-Case 1 Freq 160.4198] -
[ ] 1..Mode 1, 200.4665 Hz B e || B2 B % Quick Filier | 0.:None - Ignore -
[ | 2..Mode 2, 380.1996 Hz
| 3..Mode 3, 672.5712 Hz 2..T1 Translation D 70012..SolidC1 Z Normal Stress D 71011..SolidC6 ¥ Normal Str
|| 4..Mode 4, 1015.848 Hz | 3..T2 Translation [] 70013..SolidC1 XY Shear Stress [] 71012..S0lidC6 Z Normal Str|
[ | 5..Mode 5, 2022.406 Hz | 4..T3 Translation [] 70014..S0lidC1 ¥Z Shear Stress ] 71013..50lidC6 XY Shear St -
[ | 6..Mode 6, 2625.677 Hz [ 6..R1 Rotation ["] 70015..S0lidC1 ZX Shear Stress ["] 71014..50lidC6 YZ Shear Str
[ 7..Mode 7, 4156.374 Hz | 7..R2 Rotation [ 70210..S0lidC2 X Normal Stress || 71015..50lidC6 X Shear St Expand Complex Output Data
[ &..Mode 8, 4366.002 Hz | 8..R3 Rotation [] 70211..S0lidC2 ¥ Normal Stress [] 71210..50lidC7 X Normal Sti
[ 0..Mode 9, 5601.611 Hz | 22..T1 Acceleration [] 70212..S0lidC2 Z Normal Stress ] 71211..S0lidC7 ¥ Normal Str
[ 10..Mode 10, 6685.72 Hz [ 23..T2 Acceleration [] 70213..50lidC2 XY Shear Stress [] 71212..50lidC7 Z Normal Str| || Expand For
| 11..Case 1 Freq 180.4198 [ 24..T3 Acceleration ["] 70214..50lidC2 YZ Shear Stress [] 71213..50lidC7 XY Shear St ||
|| 12..Case 2 Freq 190.4432 [ 26..R1 Angular Acceleration ["] 70215..50lidC2 ZX Shear Stress [] 71214..50lidC7 YZ Shear Str| || First Phase 0-
13..Case 3 Freq 200.4665 | 27..R2 Angular Acceleration [ 70410..50lidC3 X Normal Stress || 71215..50lidC7 ZX Shear 5t (| . -
| 14..Case 4 Freq 210.4898 || 28..R3 Angular Acceleration || 70411..S0lidC3 ¥ Normal Stress || 71410..50lidcs X Normal St Hl ()] Sing|e EhESE
|| 15..Case 5 Freq 220.5131 || 250..Complex Mode Shape || 70412..50lidC3 Z Normal Stress || 71411..50lidC8 ¥ Normal Str i Last Phase 360.
|| 16..Case 6 Freq 342.1797 || 6043..Plate Top Fiber || 70413..50lidC3 X Shear Stress || 71412..50lidc8 Z Normal Str| - =
[ | 17..Case 7 Freq 361.1896 || 6044..Plate Bottom Fiber || 70414..50lidC3 YZ Shear Stress || 71413..50lidC8 XY Shear st || e
|| 18..Case 8 Freq 380.1996 || 7020..Plate Top X Normal Stress || 70415..50lidC3 ZX Shear Stress || 71414..50lidC8 YZ Shear St Increment 30.
|| 19..Case 9 Freq 399.2096 || 7021..Plate Top Y Normal Stress || 70610..50lidC4 X Normal Stress || 71415..50lidC8 ZX Shear St =
|| 20..Case 10 Freq 418.2196 || 7023..Plate Top XY Shear Stress || 70611..50lidC4 ¥ Normal Stress || 100007..PItC1 Top Fiber
| | 21..Case 11 Freq 605.3141 || 7420..Plate Bot X Normal Stress || 70612..SolidC4 Z Normal Stress || 100008..PItC1 Bottom Fiber
[ 22..Case 12 Freq 638.9426 || 7421..Plate Bot ¥ Normal Stress ["] 70613..Solidca XY Shear Stress ["] 100220..PItC1 Top X Normal 0K ] [ Cancel
|| 23..Case 13 Freq 672.5712 [ | 7423..Plate Bot XY Shear Stress ["] 70614..SolidC4 ¥Z Shear Stress ] 100221..PItC1 Top ¥ Normal
|| 24..Case 14 Freq 706.1998 | 60010..Solid X Normal Stress [] 70815..SolidC4 ZX Shear Stress ] 100223..PItC1 Top XY Shear
|| 25..Case 15 Freq 739.8284 [ 60011..5olid Y Normal Stress ["] 70810..S0lidC5 % Normal Stress ["] 100620..PItC1 Bot X Normal
|| 26..Case 16 Freq 914.2636 [ 60012..50lid Z Normal Stress ["] 70811..S0lidC5 ¥ Normal Stress ["] 100621..FItC1 Bot Y Normal
|| 27..Case 17 Freq 965.0561 [ 60013..50lid XY Shear Stress ["] 70812..50lidC5 Z Normal Stress ["] 100623..FItC1 Bot XY Shear
28..Case 18 Freq 1015.848 [ 60014..50lid YZ Shear Stress ["] 70813..50lidC5 XY Shear Stress ["] 150007..FItC2 Top Fiber
[ | 29..Case 19 Freq 1066.641 [ 60015..50lid ZX Shear Stress ["] 70814..50lidC5 YZ Shear Stress ["] 150008..FItC2 Bottom Fiber
[ 30..Case 20 Freq 1117.433 [ | 70010..50lidC1 X Normal Stress ["] 70815..50lidCS ZX Shear Stress ["] 150220..FItC2 Top X Normal
_ ] 70011..SolidC1 ¥ Normal Stress [ 71010..50lidC6 X Normal Stress [ 150221..PItC2 Top Y Normal
< | T | b
Add Similar Layer/Ply Results Add Component/Corner Results 0K ] [ Cancel
L

2%
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After expanding the solution, we have the full-field solution with Total Translation and von Mises stresses.
Keep in mind that this maximum response requires that the excitation is in the direction of the mode
shape (Y-direction) and that this particular mode has mass (mass participation 90%).

& Femap with NX Nastran - [PCB Analysis from Modal to MF to PSD to DT - Final Modal Frequency Analysis.modfem] - [Predictive Engineering] l él@u
File Tools Geometry Connect Model Mesh Modify List Delete Group View Window Help Predictive Engineering -8 X
N=2EEaemEEse og) B cETHELATLFY 00000+ XYZ QS HG | EEe w-alie @ e o BPme s w2 v e @mm i fecuson oo
|t § Charting # %} Model Info " x Predictive Engineering | 4 x
2 i 4.Urttea P o S P TP Y 82 8| %o | # 59 A-
o 421 13..Case 3 Freq 200.4665 -
E‘ . 2 14,Case 4 Freq 2104898 30.65
T2 Translation (Node 1) vs Set ID @ 15.Cose 5 reg 2205131
w2l 16.Case 6 Freq 342.1797 28 61
. 4 17.Case 7 Freq 3611896 .
T2 Translation (Node 5192) vs Set ID @ 16.Cose  Froq 2801966
&) 19.Case 9 Freq 399.2096
011 48 20.Case 10 Freq 4182196 26.57
&l 21.Case 11 Freq 605.3141
ol 42l 22.Case 12 Freq 638.9426
0,09 8 23.Case 13 Freq 672.5712 > 2452
&) 24.Case 14 Freq 7061998 e
oo 48 25.Case 15 Freq 739.8284 a':o:‘::%:o,:o: S =
0.07 4 ¢ 26.Case 16 Freq 914.2636 5 AN 22 48
006 &l 27.Case 17 Freq 965.0561 o
4 28.Case 18 Freq 1015.848 % S
0.05 ¢l 29.Case 19 Freq 1066.641 < 0 44
42l 30.Case 20 Freq 1117433
0047 & 31.Frequency 2004665, Phase 0,
0.03 &l 32.Frequency 2004665, Phase 30. 1 839
0024 48 33.Frequency 2004665, Phase 60.
‘ f=154. Frequency 200466, Phase 90] 16.35
0.01 42l 35.Frequency 2004665, Phase 120. - .
¢ 36.Frequency 2004665, Phase 150. M
7 &l 37.Frequency 2004665, Phase 180. 14 31
-0.01 4 38.Frequency 2004665, Phase 210. .
&l 39.Frequency 2004665, Phase 240. -5
0021 42 40.Frequency 2004665, Phase 270. = 12.26
-0.03 1 2 41.Frequency 2004665, Phase 300. = . .
42l 42.Frequency 2004665, Phase 330.
0044 @ Views 1 0 22
-0.05 + T Groups Y .
B
-0.07 b Selection List = X 8.175
008 [ Model Info [[al Meshing | i PostProcessing
-0.09 Entity Info nx 6 1 32
01 Node 3674 Z
| Coord( 0) = 8829983, 25.31492, 0624917
DefCS =0 OutCs =0 4088
o111 Output Set: Frequency 200.4665, Phase 90.
29 Deformed(0.185): Total Translation 2045
e Elemental Contour: Solid Von Mises Stress
-0.14 4 -
Second Contour: Plate Top VonMises Stress 0.00129
-0.15 . -
= 2 A 5 3 Py P Second Contour double sided: Plate Bot VonMises Stress
=]
Ready - Nodes: 7442, Elements: 6249 ‘ Prop:0 Ld:1 Com1l Grp:1 Out 34
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5. PSD ANALYSIS (MODAL FREQUENCY WITH STATISTICS)

A PSD analysis is just a sophisticated and extremely useful form of the modal frequency analysis. Instead
of having to interrogate multiple results sets, the PSD approach excites the structure using a broad-
spectrum acceleration load and then nicely sums up the solutions into one single-valued result. One can
also think of it as a white noise or broad-band excitation where the structure is excited at all frequencies
simultaneously. The approach is statistical and the displacement and stress results (and anything else) are
termed 1-o responses. The sigma (o) refers to a Gaussian distribution where 1-o0 to 3-o refers to 68, 95
and 99.7% ranges. At 1-0 you have a 68% chance that the stresses are within this value. For many
applications, one is required to use a 3-o interpolation and thus your results are multiplied by 3x.

The actual theory behind the PSD approach is beyond this simple note but if one just considers that it is
based on the response of the natural frequencies of the structure in the form of a modal frequency
analysis and that the results are statistical quantities, you’ll be in good shape for doing most basic PSD
work.

If you are interested in a tutorial just covering PSD analysis, then please take a read on our white paper:

PSD Random Vibration Tutorial for Femap and NX Nastran.pdf
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For completeness, let’s do a simple PSD analysis on our circuit board. Again, units are very important. The
PSD spectrum (load) is given as gz/Hz. In the center of the spectrum from 115 to 500 Hz, the PSD input is

1.31 g’/Hz and then tapers.

-
[®7 Function Definition

S

SR~

D1 Title PSD Function (g2/Hz)

X -Frequency Y -Factor

Type 3..vs. Frequency -

X Axis Log Scale

Y Axis Log Scale

20. 0.005 Factor
115. 1.31 S= 100E+1
500. 1.31
1.00E+0
1.00E-1 o
1.00E-2 o
<= 1.00E-3 T T 1
<= 1.00E+1 1.00E+2 1.00E+3 >= 1.00E+4
Frequency
Data Entry
(@) Single Value (") Edit Phase { X ) [ Add ] [ Copy Function... I [ Get Data Series Data ]
(@1 (7 Edi i Deltax |1
.:_. Linear Ramp _:_. Edit Magnitude (Y ) [ Update ] ’ Load from Library... l [ Paste from Clipboard ]
() Eguation () Periodic ¥ Wariable | ’ —r l [ Copy to Clipboard ]
Save to Library... py to Clipboar
X 2000, Y 0.657
Ca ) em

ApplicdCAx
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The PSD procedure is almost identical to the modal frequency analysis. There are some new screens but
the only critical one is where you apply your PSD spectrum (lower-right-hand-corner). Otherwise, it is

identical to that of the prior modal frequency analysis.

-

Analysis Set

=x=)

Title  XX0<-0814-01 ¥-Axis PSD Analysig

Analysis Brogram 36..MX Mastran -
Analysis Type 6..Random Response -
[]Run Analysis Using VisQ
Next... ] [ oK ] [ Cancel
——

r

Dynamic Contral Options

=)

Ty F T RN T

["use Load Set options

Options for Dynamic Analysis | Advanced Dpﬂonil

Equivalent Viscous Damping

Overall Structural Damping Coeff (G) 0.

Limit Response Based on Modes

Number of Modes

NASTRAN Modal Analysis

=)

© grvens Eigenvalues and Eigenvectors

(©) Modified Givens

- Nurmber Estimated
() Inverse Power

(©) Inverse Power/Sturm Rlupbeyeied

(©) Householder

s Normalization Method

() Modiified Householder

Complex Solution Methods
Hessenberg DOE o
Complex Inverse Povrer

T Complex Solution Options

Convergence
Solution Type

© Diregt Region Wicth

(@ Modal Overall Damping (&)

[iskip E16¥¢ Method D 1 ‘
Real Solution Methods Range of Interest

(@) Lanczos Real Imaginary

(©) Auto (HOU/MHOU)

() Subspace From (Hz) 0. %

Legacy Real Solution Methods To (Hz) 0. 0.

(o ] [hot ] [ [ o ]

0

10

Mass

(@) Default

(©) Lumped

() Coupled

0.

0. |
0. i

-

MASTRAN Power Spectral Density Factors

Correlation Table

Master=>Master 1.1} :Int1=0 Excited

Master

Applled CAX
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Load Set: 1..Motor Frequency

Modal Damping 3.PSD Modal Frequer Lowest Freq (Hz) 0.

[] As Structural ( KDAMP ) Highest Freq (Hz) 0. Applied Master
Equivalent Viscous Damping Conversion Transient Time Step Intervals Load Set: 1..Motor Frequency

Convert using Solution Freq ( WMODAL ) Murnber of 0
[ |rigid Body Zero Modes{ FZERO ) | 1.E-4 Time per 0. Edit Correlation Table
Freq for System Damping (W3 - He) [0, Cutput Interval 0 Factor (D AE PSD Interpolation
Freq for Elament Damping (At - 0. Real 1. ®  1..PSD Function (g"2/Hz) w O..loglog -
Frequency Response Response/Shack Spectrum Imaginary | 1. X | 0..None v | | 0..Log Log v
Frequencies 5.Modal Frequency Table Damping/Freq Carrelation
0..None v | | By

— l o l l p— Prev... oK l I Cancel
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Given that a PSD analysis can be a numerically intensive calculation, Femap provides the ability to restrict
your analysis output to just a few items or the complete model. For this analysis, all output requests are
left blank except the very last screen where just displacements and stresses are requested. This is
identical to that which was done for the modal frequency analysis. At the end, we have the RMS von
Mises stresses contoured over the system and they are significantly greater than just the modal frequency

result.

2 Femap with NX Nastran - [PCB Analysis from Medal to MF to PSD to DT - Final Modal Frequency Analysis.modfem : Predictive Engineering]

l =

 Model Info

fle Tools Geometry Connect Model Mesh Modify List Delete Group View Window Help Predictive Engineering

LagdEemEEae oall BE s e ree L XF22li00000|+XYZ A A EEe- w-allie-a-n | - Jne sy 2 v e @wmmli@ustonTools

_8x

3 x PCB Analysis from Modal to... | Preece-1014-01 M1080 Vibrat...

b x

Bumeyo £ | [aigey ereq ik | o

[
i

Node 3674
Coord(0) = 8829983, 2581402, 0.624917
DefCS =0 OutCS = 0

| o > M-

& 15.Case 5 Freq 2205131

4 16.Case 6 Freq 3421797

4 17.Case 7 Freq 3611896

&) 18.Case 8 Freq 3801996

1 19..Case 9 Freq 399.2096

4 20.Case 10 Freq 4182196

4 21.Case 11 Freq 605.3141

4 22.Case 12 Freq 638.9426

4 23.Case 13 Freq 6725712

4 24.Case 14 Freq 706.1998

4 25.Case 15 Freq 739.8284

4 26.Case 16 Freq 914.2636

4 27.Case 17 Freq 965.0561

4 28.Case 18 Freq 1015848

& 29.Case 19 Freq 1066.641

4 30.Case 20 Freq 1117433

& 31.Frequency 2004665, Phase 0.
4 32.Frequency 2004665, Phase 30,
& 33.Frequency 2004665, Phase 60,
& 34.Frequency 2004665, Phase 90,
& 35.Frequency 200.4665, Phase 120.
& 36.Frequency 2004665, Phase 150.
& 37.Frequency 200.4665, Phase 180.
& 38.Frequency 2004665, Phase 210.
& 39.Frequency 200.4665, Phase 240.
& 40.Frequency 2004665, Phase 270.
& 41.Frequency 200.4665, Phase 300.
-4 42.Frequency 2004665, Phase 330.
& 43.RMS Values

-4 44.Positive Crossings

= Views

18 Groups

B Selection List

A

NI

Y e iy AV Ry
S G
CFT T

| &IModel Info [Tl Meshing | miPostProcessing

i Entity Info.

(4 Messages

Output Set: RMS Values

Elemental Contour: Solid Von Mises Stress

Second Contour: Plate Top VonMises Stress

Second Contour double sided: Plate Bot VonMises Stress

138.3

1291

119.8

110.6

1014

92.18
82.96
73.75
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55.31

46.1
36.88
27.66
18.45
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6. DIRECT TRANSIENT ANALYSIS

Sometimes you just want to whack the structure and not mess around. In this scenario, we are going to
hit the circuit board with a 100 g pulse at a frequency of 200 Hz in the Y-direction (one can detect a theme
to this seminar?). The procedure just requires a function for the hit and then a few setup screens. The
equation of motion is even simpler:

o =m2 sy
0()_m6t2 “or T

. . . [ ' Function Definition l_@g‘
Our equation is developed in Femap ‘

using a sin((!x/0.004988)*) t0o180 Fitosetopscte Dl et

0.000947815 0.9297324 4 | | Factor

create a 200.4 Hz half-sine wave: Cotasrsssdsonis "

0.00109747 0.9822613

0.001147355 0.9920965 94
0.00119724 0.9980172
0.001247125 1.
0.00129701 0.998037 84
0.001346895 0.992136
0.00139678 0.9823203
0.001446665 0.9686286 71
0.00149655 0.9511149

0.001546435 0.9298483 e
0.00159632 0.9049128
0.001646205 0.8764068
0.00169609 0.8444426 54
0.0017459750.8091465
0.00179586 0.7706577
0.0018457450.7201281 4+
0.00189563 0.6847215
0.0019455150.6376132
0.0019954  0.587989 3
0.002045285 0.5360448
0.00209517 0.4819854
0.002145055 0.4260243
0.00219494 0.3683822
0.002244825 0.3092865 14
0.00229471 0.2489704
0.002344595 0.187672

[l

0.00230448 01256331 ) . . . . . : : T : ]
0.002444365 0.06309846
| o 242554 QOONSDGS  TAGZAEM  QOOOSSTT  OODIZTIZ  OODISS  OOOIMESY  0ODISS 00022 000SIZS
Data Entry

()single value () Edit Phase ( X ) [ ada | [ copyFunction... | [ Get Data Series pata |

® ® Delta X 85e-5
_Linear Ramp () Edit Magnitude (/) Update [ Load from Library... H Paste from Clipboard ]

(@) Eguation (©) Periodic X Variable X

| savetoibrary... || copyto Giipboard |
X Y sin((t/.004989)=180)
TeX .004989 ToY Reset [ oK l [ Cancel l
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For our work, we are just going to use half the sin wave to give the system a shock pulse. The load for this
analysis is 100 g (98,000 mm/sz) with our half-sine function at 200.4 Hz.

98000. (4)
rAnaIysis Set ﬁ1
Title  1814-01 Y-Axis Transient Shock (Pothole) Analysis
Analysis Program 36..NX Nastran| -
Analysis Type 3..Transient Dynamic/Time Hist: +

[ TRun Analysis Using VisQ

I[ e ] [ o ][ conce
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Our transient analysis is based on the first ten Eigenvalues and Eigenvectors.

-

NASTRAN Modal Analysis

=5

[ | skip ElGx
Real Solution Methods

Legacy Real Solution Methods
) Givens

Modified Givens

Inverse Power
Inverse Power/Sturm

Householder

) Modified Householder
Complex Solution Methods
Hessenberg
Complex Inverse Power
Complex Lanczos
Solution Type
(") Direct
Modal

Prev... ] [ Next... ]

Method ID 1
Range of Interest
Real Imaginary
From (Hz) 0. 0.
To (Hz) 0. 0.

Eigenvalues and Eigenvectors

Mumber Estimated 0

Number Desired 10

Normalization Method

(@) Mass

Mode ID [0

DOE 0

Point

Complex Solution Options

Convergence 0.
Region Width 0.
Crwverall Damping (&) 0.

oK ] ’ Cancel

i T
Dynamic Control Options

[Juse Load Set Options

Options for Dynamic Analysis | Advanced Optkms|

Equivalent Viscous Damping

Overall Structural Damping Coeff (G) 0.
| Modal Damping
As Structural { KDAMP )
Equivalent Viscous Damping Conversion

[ ] convert using Solution Freq { WMODAL )

Freq for System Damping (W3 - Hz) 0.
Freq for Element Damping (W4 - 0.

Frequency Response

3..PSD Modal Frequer

[ rigid Body Zero Modes( FZERD ) | 1.E-4

Limit Response Based on Modes

Number of Modes 0

Lowest Freq (Hz) 0.
Highest Freq (Hz) 0.

Transient Time Step Intervals

Number of 1000
Time per 1.E5
Output Interval 10

Response/Shock Spectrum

Frequencies | 0..None Ty Darnping,/Freq Correlation
Modal Freq... 0..None v | by
Prev... l [ Next...
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At the end of the simulation, one has a hundred result sets to claw through.

1278
119.3
110.8
1023
93.75
85.23
76.71
68.19
59.66
51.14
4262
34.09

2557

17.05
Output Set: Case 20 Time 0.0019 Output Set: Case 101 Time 0.01
Deformed(0.108]: Total Translation . Deformed(7.363): Total Translation 8527
Elemental Contour: Solid Yon Mises Stress Elemental Contour: Solid Von Mises Stress
Second Contour: Plate Top VonMises Stress . Second Contour: Plate Top VonMises Stress 0.0038
Second Contour double sided: Plate Bot VonMises Stress Second Contour double sided: Plate Bot VonMises Stress
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A much simpler way to process transient results is to use the Femap envelope function and then select all
the output sets with “time” in the title:

' - - {
Filter QutputSet . u

Filter
Title Contains  time|

t l oK ] l Cancel l

r A
[®7 Process Output Data E‘M
What to Process
"f"Comp\eta Qutput Sets One or More Selected Qutput Vectors

Processing Operations
Copy | Merge | Linear combi RSS Ci ion | Envelope | Error Estimate | Convert |

Type Envelope Approach Create Envelopes

(@) Max value Envelope All Selected Vectors Within Output Sets

() Min value Envelope All Locations For Each Vector Across Output Sets

() Max Absolute Value (@) Envelope Each Vector Independently Store Set/Location Info

Envelope Every Vector across Multiple Output Sets

Select Output To Process... Store Qutput in Set | 0..New Output Set -

Operations That Will Be Processed - Review Before Pressing OK

Max 45..Case 1 Time 0. -= Mew Set ... Envelope Each Vector Across Sets with Setinfo -
Max 46..Case 2 Time 1.E-4
Max 47..Case 3 Time 0.0002

Max 48..Case 4 Time 0.0003
Max 49..Case 5 Time 0.0004
Max 50..Case 6 Time 0.0005
Max 51..Case 7 Time 0.0006
Max 52..Case 8 Time 0.0007
Max 53..Case 9 Time 0.0008
Max 54..Case 10 Time 0.0009
Max 55..Case 11 Time 0.001
Max 56..Case 12 Time 0.0011
Max 57..Case 13 Time 0.0012
Max 58..Case 14 Time 0.0013
Max 59..Case 15 Time 0.0014
Max 60..Case 16 Time 0.0015
Max 61..Case 17 Time 0.0016
Max 62..Case 18 Time 0.0017
Max 63..Case 19 Time 0.0018
Max 64..Case 20 Time 0.0019
Max 65..Case 21 Time 0.002
Max 66..Case 22 Time 0.0021

Delete

m

—=

Max 67..Case 23 Time 0.0022
|| | Max 68..Case 24 Time 0.0023

Max 69..Case 25 Time 0.0024
[l Max 70..Case 26 Time 0.0025 -
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With the envelope technique, one graphic can say it all.

a Femap with NX Nastran - [PCB Analysis from Modal to MF to PSD to DT - Final PSD.modfem : Predictive Engineering]

o c— - — —— —

| e

DAL nEREE sl
|=1]: Model Info »

x

EEiIe Tools Geometry Connect Model Mesh Modify List Delete Group View Window Help Predictive Engineering

-8 X
B R TEE L LTL L0000+ XY ZQQ G- EEe- -l -k e - Dneny e V'..N!E!EﬂcustomToolsJ

PCB Analysis from Modal to... | Preece-1014-01 M1080 Vibrat... |

4bx

N A AN 2

i 119.Case 75 Time 0.0074
21 120.Case 76 Time 0.0075
=1 121.Case 77 Time 0.0076
42l 122.Case 78 Time 0.0077
g2l 123.Case 79 Time 0.0078
i 124.Case 80 Time 0.0079
« 125.Case 81 Time 0.008
2l 126.Case 82 Time 0.0081
421 127.Case 83 Time 0.0082
42l 128.Case 84 Time 0.0083
21 129.Case 85 Time 0.0084
+ 130.Case 86 Time 0.0085
<1 131.Case 87 Time 0.0086
=1 132.Case 88 Time 0.0087
42l 133.Case 89 Time 0.0088
4l 134.Case 90 Time 0.0089
i 135.Case 91 Time 0.009
« 136.Case 92 Time 0.0091
2l 137..Case 93 Time 0.0092
=1 138.Case 94 Time 0.0093
42l 139.Case 95 Time 0.0094
<21 140.Case 96 Time 0.0095
i 141.Case 97 Time 0.0096
&l 142.Case 98 Time 0.0097
2 143.Case 99 Time 0.0098
42l 144.Case 100 Time 0.0099
42l 145.Case 101 Time 0.01
<1 146..Envelope (Max 45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,
¢ 147.Envelope Set Info (Max 45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,
@ Views

1t Groups

£ Layers

[BupeqoF | [eieL eeqlit

-B Selection List

< | 1 >

m

@ Madel Info l% Meshing l @I PostProcessing
Entity Info r

Node 3597
Coord( 0 ) = -4,069991, 2581492, 7.449904
DefCS =0 OutCs =0

=

Output Set: Envelope (Max 45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65...

Deformed(7.363): Total Translation
Elemental Contour: Solid Von Mises Stress

Second Contour: Plate Top VonMises Stress
Second Contour double sided: Plate Bot VonMises Stress

127.8
119.3
110.8

102.3

93.75

85.23
76.71
68.19
59.66
51.14
42.62
34.08
25.57
17.05
8.527
0.0038

Ready - Nodes: 7442, Elements: 6249
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7. QUESTIONS AND ANSWERS ABOUT FREQUENCY ANALYSIS

Question: What happens when a structure is loaded by harmonic load that is below the structures lowest
natural frequency?

Answer: Let’s say that we have a transmission where the motor has an operating speed of 1,800 RPM (30
Hz). The transmission’s first natural frequency is 36 Hz (20% margin since we don’t really trust our

FEA results). The transmission is stable and the applied load has a magnitude effect equal to that of a
static load.

Question: | have a very small natural frequency number (i.e., <<0.1), what happened?

Answer: Well, most likely you have something not constrained and NX Nastran is telling you that you have
a rigid body motion. If one animates this frequency, one will see the complete model moving. Note: A
structure that has no constraints or a constraint set attached to the solution, will have six low-number
natural frequencies and likewise, if you have a part within your model that is not attached, it will exhibit a
low frequency mode (rigid body motion). This is a super effective trick to find lose parts in your model
that would cause a static stress analysis run to fail.

Question: (We'll add additional material here from questions asked during the Seminar)
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8. BEING AN EXPERT: VIBRATION IS ABOUT MASS AND CONSTRAINTS
8.1 CHECK FO6 FOR MASS SUMMATION AND KNOW WHAT YOU KNOW

Although this is just another check, we wanted to let you guys know

FO6 Check-Out Basics Vibration Analysis White Paper
o Do the element types and numbers make R —
sense?
o Does the model mass exactly match that . .
reported in the “OUPUT FROM GRID POINT Linear Dynamics
WEIGHT GENERATOR”? for Everyone: Part 1

o Error and Warning Messages?

For more information see our Seminar: Normal Modes Analysis

Applied CAx
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8.2 GROUND CHECK IF YOU ARE DOING AEROSPACE QUALITY WORK

This check-out technique provides a numerical proof that your stiffness matrix is up-to-snuff. It is a rather
dry subject and we’ll leave it up to the seminar to flesh-out exactly how to do Ground Check, but if you
have ever wondered what this screen does — this is your opportunity.

[ Model Check M
Weight Check Ground Check
DOF SET  [ic ElE DOFSET [Tg ElE
Cn Ca CIn Ca
[C] N+AUTOSPC Oy [C] N+AUTOSPC

Print Forces Above

I CGI( Center of Gravity ) DATAREC 10 %
Ref Mode 0 Ref Mode 0
Units 0..Weight Iz Strain Energy 0.
Prev... ] i Next... ] l oK ] [ Cancel

For more information see our Seminar: What is Groundcheck?

T
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9. ADDITIONAL READING

o Linear Dynamics for Everyone.pdf

o Femap and NX Nastran Technical Seminar on Vibration Analysis for
Engineers.pdf

o PSD Random Vibration Tutorial for Femap and NX Nastran.pdf
o NX Nastran Dynamic Analysis.pdf

o Vibration Analysis for Electronic Equipment, Dave S. Steinberg
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10. TRAINING OPPORTUNITIES

Femap & NX Nastran Training

Foundation | Advanced | Customization We s cvey day

Slamens PLM Soltware

When: October 20-24, 2014 (Monday-Friday)
Where: Portland, Oregon

Cost: Foundation and Advanced training (Mon-Thurs) is
$2,100 per student with the optional Customization/API
training on Friday for an additional $525.

What's Included: Course manual and workshop videos
saved to a USB stick. A lunch and social event are provided
to encourage class interaction with fellow users.

Registration: Early registration is encouraged since space
is limited to 18 students and it is expected that the class
will fill. To register please send email to:

Training g
Attn: George Laird, PhD, PE

TR T T g
redict ing.com

About Predictive Engineering

Based in Portland, Oregon, Predictive has more than

18 years of experience with Femap, Nastran and LS-DYNA
and is well known as the “go-to-company” for Femap
training. References can be found on our website:
www.PredictiveEngineering.com

503-206-5571 | Training@PredictiveEngineering.com | www.PredictiveEngineering.com

Welcome Femap and NX Nastran Colleague,

This week-long course taught by Predictive Engineering
will take the new user from ground floor through FEA best
practices to advanced subjects dealing with manifold and
non ifold surface modeling, detailed plate meshing and
tet versus hex meshing. The final day will finish with a focus
on customization and automation using Excel and Femap’s
own APl interface. The course will be fast paced and follow a
workshop format with theory, practice and Q&A sessions.

Course Outline

Foundation of FEA Modeling with Femap + NX Nastran
(Two Days)

E FEA theoretical background w.r.t Beam, Isoparametric and
special elements

. Tour of Femap interface: Preferences, Panes, Toolboxes, Help
and Tips & Tricks

. Femap modeling workflow for Beam, Plate and Solid (BPS)
elements

V. Static stress analysis and results interpretation of BPS
elements

V. Introduction to Plate and Solid modeling with surface and
solid geometry and Mesh Toolbox

VI Introduction to Assembly Modeling: Glued, Contact and Rigid
element Usage

Advanced Femap + NX Nastran (Two Days)
I. Surface modeling using Manifold and Non-M
geometries

. Advanced surface preparation for high-accuracy Plate
modeling

. Meshing toolbox tips and tricks with Jacobian optimization

IV. Building efficient assemblies via efficient Solid modeling (tet
& hex elements) and Linear Contact

V. Introduction to linear dynamics (modal analysis tips & tricks)
VI Non-linear analysis: geometric versus material non-linearity
and best practices

C ization & A ion of Femap (One Day)
. Automation of results processing via Excel

l. Introduction to Femap’s macro capability

1. Introduction to Femap’s API via Custom Tools
Programming Femap’s API

Apli CAXx

AR
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