FE UPDATE

Designer’s guide to advanced vibration

analysis, Part ||

Last month’s column discussed
the basics of simulating resonant
or natural vibration frequencies

as an introduction to performing
advanced vibration analysis. Recall
that advanced vibration-analysis
problems can be solved with what
are called the normal modes and
the Mile’s Equation approaches.

In detail, the normal-modes
method suits large, complex,
multidegree of freedom systems
(>100 DOFs) that are typically ana-
lyzed using FEA techniques. This
approach introduces a transfor-
mation of coordinate approxima-
tions to decouple the differential
equations of motion and make the
problem easier to solve.

The Mile's Equation approach,
on the other hand, involves a
simplified linear-static approxima-
tion for FEA models of large com-
plicated systems that contain an
excessively large number of DOFs,

which makes an explicit computer
solution difficult to obtain. The
approach is based on statistical
analyses of induced acceleration
spectra with a three-sigma distri-
bution. The software approximates
an equivalent g loading using the
power-spectral density (PSD) cri-
teria at the resonant frequency in
each orthogonal direction of inter-
est. This equivalent g load is some-
times referred to as the random-
vibration load factor (RVLF).

Following is a summary of the
use of these approaches to ap-
proximate the response caused by
a random vibration input on the
simple 2-DOF spring-mass system.

In the normal-modes approach,
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Base input excitation

Two-degree-of-freedom (2-DOF)
spring mass system with base
input random-vibration excitation.
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In this simple 2-DOF spring-mass system, m_ and m_ represent the individual
concentrated mass — units are lb-sec¥/in.; k and k represem the spring rate or
stiffness — units are Ib/in,;c. and c, representthe dampmg — units are lb-sec/
in;andy (t)and y,(t) represent the displacement of each mass, m andmasa
function of time — units are in inches.

summing the forces in the vertical direction gives these equations of
motion, which represent the free vibration, natural frequencies of the un-

damped system:
ZE =mxa

~ky +k,(y,~y)=mj,
—k(y,~y)=m,
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For this sample problem, m, =m, =90 lb-in./sec’; k,= 125,000 Ib/in.; and
k, = 200,000 Ib/in.

Also, viscous damping = f3=
=0.20 g*/Hz.

Next comes solving for the natural frequencies (eigenvalues) and asso-
ciated mode shapes (eigenvectors).

The column matrix of natural frequencies, {w }, is:

24.2583
{w,}= rad/sec
724215

And normalizing the eigenvectars matrix, [@ ] brings:

[o.]=

Or, in terms of cycles/sec:
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¢/c,=0.012; the PSD input excitation f ()

1.3602 -0.7352

, cycles/sec (a.k.a. Hz);



Comparing hand

— ool results to FEA
These are the = >
results for the i o 4 © g
PSD response”y” ‘:_ — ."T":‘Q:I? i Wﬁ@ gt g é g 5 QE', <
deflections after 1 it bt g o & R )
the 2-DOF spring- | g = £E o E T8
masssystemhas o : E= 2 g% =g 32
been processed z 5 G =35 £
in Nastran e — = o = _{:% = _f;c" 5
using dynamic- " His . “
i a J _ 3.869in. | 3.956in.
i e oo : it -0.31% | +1.93% | n/a
| 5.259in | 5.192in.
o = Mass 2| “6.059% | -1.86%
ST T
"r, I The table shows the percent differences
; ] P B B Y - P S S G between hand estimates and the results
1 pep2 D o2 @ of an FEA model of the 2-DOF spring-mass
20152 P50 Mok 3 system processed in Nastran.
Without going through all the matrix arithmetic:
The modal-participation factors {l }is: N Random-vibration
T - =,
{r.}=le] {m}=( MSJ analysis and overall
And the generalized mass matrix, [M ], is: rms values
256.51 0
[M,]=[¢;)r ]T [m][@]:[ ] # In the FEA model of the 2-DOF spring-
0 13865 mass system, we selected a range of fre-
. . quencies limited to £10% on either side of
Next comes approximating the mean-squared response of the 2-DOF the two resonant frequencies so the FEA
svstem with this summation: results more closely matched the arith-
o2 T? metic from the normal-modes approach.
= 2 To more accurately represent random-vi-
Y (o M2 bration tests of an actual structural model,
itis necessary to include the response
For mass M1: 7 =14.968 in.” —*% 5y = =/14.968 = 3.869-in. rms between fundamental resonances in the
_ " root-mean-squared (rms) average.
For mass M2: 7, =27.66 in” — =% y, = /27,66 =5.259-in. rms ® Because using structural damping is
difficult to estimate for dynamic-response
In contrast, use the Mile’s Equation to compute the g __value, sometimes problems and might lead to inaccurate re-
called a random-vibration load factor (RVLF), based on the fundamental su:a it |Is better to use \.;lscouu:amplng.
: _ _Af o ® Actual environmental tests of structures
resonqnt, frequepcy .ofa single-degree-of-freedom spring-mass system. mighte Tnited by tha capiscity b tha
The Mile’s Equation is: shaker table.
O ® To account for the probability of peak
ELQ acceleration levels, it is typical to multiply |

the rms response acceleration levels by

o three to reach three-sigma probability on I
where f = fundamental natural frequency = 3.861 Hz; Q = transmissibility denaeBonsa nIgies lavals i

(amplification) at resonance = 1/(2xf) = 1/(2x0.012) =41.67;and Q = in-
put power spectral density (PSD) = 0.20 g?/Hz.
Substituting gives g =7.109. DOWNLOAD FILESTO

Next, estimate the static deflections at each mass:

TRY AN ANALYSIS
ForMass I: y, = v, + wz)gm o952 b & = 3.956-in. rms Download the run notes and the 2-DOF
K, 125,000 Ib/in.”™ spri - (
2 34,776 b
For Mass 2: y,=yl+Lg,m=yl+-—————-——g =5.192-in. rms ! el 2
. K, 200,000 Ib/in. Nastran "UDSr‘:‘- are also ava:[able. Patran users

can dcﬂ.u'mo.ad neutral run ﬁ!es “Resonant_

For a sanity check, an FEA approach would entail developing an FE
idealization of the 2-DOF spring-mass system to approximate the static
deflections and resonant-vibration frequencies, processing the dynamic free demo version of
response due to random vibration, and comparing results, MD from http://tii
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