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Abstract: - In this article, the random vibration simulation method applied to a car component is
presented. The main vibration sources which appear at the automotive body level are mentioned. By using
finite element analysis, one can estimate the response of the structure in terms of the probability of the
maximum displacement and stress. A laboratory test with good results for the partial validation of the
simulation has been performed. By using the random vibration simulation method, it is possible to
estimate the behavior of a structure excited by random vibrations, with a good precision for various

applications.

Keywords: - Random vibration, finite element analysis, automotive, modal analysis, power spectrum,

power spectral density.

1. INTRODUCTION

Due to the increasing market competition and the
desire of manufacturers to extend the life of
products, it is necessary to invest more money in
design, monitoring, research and testing of the
components which are subjected to vibration
loading.

The design of mechanical components should be
done taking in account the static and dynamic forces
which are acting on the automobile components.
This is essential in achieving long lasting
components and high competitiveness. It is
important to understand the physical phenomenon,
and if possible, to transfer the physical model into
the mathematical model and finally perform the
finite element analysis. The mechanical design of
the components should be done taking in account the
FEA result.

Two types of dynamic loading of structures can
be mentioned in this framework: deterministic, in
which the vibration excitation (load, displacement,
velocity or acceleration) can be known in time and
sometimes can be defined as mathematical function
and on the other side random excitation for which
the evolution in time can’t be defined precisely and
the load is defined by using statistical parameter.

The unevenness of the road or the wind actions on
the car body are examples of random vibration [9].
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Figure 1. Excitation signals
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Figure 1 represents an example of deterministic
vibration (a harmonic or sine function - in this case)
and another one with a non-deterministic, a
excitation.

Vehicle overall vibrations are determined by a
multitude of sources, and they represent a sum of
contributions from all the mechanical parts which
are moving. The main sources which generate
vibration inside the car are the engine, power-train,
the exhaust system and from the exterior the road
bumps and wind turbulences.

It is possible to use several methods in the
vibration study [2]. Often one need to take in
consideration multiple sources of random vibration.
For instance, each wheel can be considered an
excitation, like in Figure 2, when the vibrations are
transmitted to the components of interest through the
structure or the air.
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Bumb acction on the car

Figure 2.Vibration sources

2. THE STATISTICAL APPROACH

Due to the fact that random vibration excitation
can’t be defined in time, it is necessary to use some
important definitions and statistical instruments in
the study of random vibration. Comparing with other
simulations, in this case the results will be
interpreted by using statistical tools.

2.1. The Normal distribution

An important part of the random processes are
governed by the normal or Gaussian distribution
law. This approach makes possible to have a
statistical evaluation of the excitation and a similar
interpretation of the result. The function is a bell
shaped curve, simmetric about the mean value,
defined mathematically by the relation [2]:

1 32202
f(x)=—p=e (1)
oN2rx
where f(x) is the probability distribution function for
normal distribution and o is the standard deviation,

expressing the measure of the spread about the mean
value. o is defined as the positive square root of the

variance, 0 = \/;when the mean value is zero.

Normal distribution function with a zero mean
(x=0) and a standard deviation o of 0.2 is
graphically shown in Figure 3. These statistical
parameters are important when studying the
statistical normal distribution phenomena.

The above parameters can be calculated by using
the probability density function, as well. The mean
value is the centroid of the area under f{x) curve (2)

[2],[9]:
=[x f(x)-dx @)

In a similar maner the mean square value is the
second moment of inertia of the area under f(x)
curve, about the abscisa x=0:

X2 = sz f(x)-dx 3)
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Figure 3. Normal distribution

The variance or the mean square value about the
mean can be defined as follows:

o’ = T(X—f)z - f(x)-dx :;_(f)z “)

In a similar manner the previously defined
parameters can be calculated for discrete signals.
The mean values is:

XY= L% 5)
and the variance:

p 6
o’ = lz(xk—)?)2 (©)
n k=1

2.2. The signals correlation

Correlation is a measure of similarity between
two signals. If we have two signals x, (t) and x, (t),
the correlation between them observes the average
of all products x,(t)- xp(t). If the signals are identical
then the correlation is the highest. For two different
periodical signals the correlation can be defined by
the following relation:

(7
T
R, =linl_[x,0)-5c+0-df] 1
0 f
two

periodical signals are identical but shifted in time,
we are in the case of the auto-correlation defined by
the following relation [2],[5],[7]:

R, (0)=linl ix(t)-x(m)-dﬂ ®
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2.3. Power spectrum and power spectral
density

Power spectrum is the product of X(f) and its
complex conjugate X*(f), where X(f) =FFT(x(t)) is a
complex function. Equation (9) presents the power
spectrum of a signal [6]:

G()=[Re(X (f )+ Im(X (f )] x
[Re(X ()~ Im(X(f )] = ©)
=[Re” (X (/)+Im’ (X (/)]

The power spectral density (PSD) for a discrete
signal is the spectral power relative to the size of the
corresponding frequency range:

G(i)

S = e—_—
(/o) Af

where G(f;) is the power spectrum (PS) and can have

various units at the second power. For a continuous

spectrum we get S(f) as Af—0. An example of PS

can be seen in Figure 4
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Figure 4: Power spectrum

and the power spectral density (calculated with
Matlab) can be seen in Figure 5.
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Figure 5: Power spectral density

3. LABORATORY MEASUREMENT

An aluminum cover, as a part of a car
subcomponent, is under observation. The first goal is

to measure the frequency response function of the
cover excited by sinusoidal signals. This result will
be used for the calibration of the finite element
analysis which will be performed in the next step. In
order to measure the frequency response, a device
have been used to fix the cover on top of the shaker.

The experiment set-up can be seen in Figure 6.
Frequency response function of the aluminum cap
has been measured using an accelerometer, which
has been attached in the middle of the aluminum
plate.

Figure 6: The cover on the shaker

One of the measured FRF is shown in Figure 7.
A similar frequency response function has been
obtained by using random excitation and obtained in
a shorter time. The experiment has been performed

at the Vibration and Acoustic Laboratory
www.viaclab.utcluj.ro
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Figure 7: FRF experimental curve

Two important peaks in the frequency band of
interest showing to modes of vibrations of the whole
structure, can be observed in Figure 7. The first
mode is revealed at fo; = 370 [Hz] and pertains to the
fixing device. The second mode of vibration fy,res; =
509[Hz] is important for our study assuming to be
close to the first mode of the cover. The acceleration
measured at the cover connections to the support is
recorded, the power spectral density is derived for
each spot and used as input on the simulation phase.
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4. THE FINITE ELEMENT ANALYSIS

There is necessary to complete some steps to
perform the finite element analysis and this will help
us in the vibration study. For this purpose, Computer
Aided Design (CAD) tool is used to create the
virtual model. The 3D geometry of a structure must
have an identical shape and dimensions with the car
component. Starting from this 3D geometry, the
component is discretised by using finite elements.
Then, in order to identify the natural frequencies and
the associated modes shapes, it has to be done the
normal mode analysis of the covers’s structure.

4.1. CAD and the mesh models

The first step is the CAD model creation (Figure
8). It was realized by using Pro Engineer software.
The part represents the cover of an electronic device,
being a shell plate with constant thickness of 1.2
mm. The material properties of the aluminum sheet
are assumed to be as follows: Youngs modulus E =
71000 [MPa], Poissons ratio v =0.35 and the density
p = 2800 [kg/m’]. The mass of the part is m = 7le —
3 [Kg].

Figure 8: CAD model

The necessary discretization for the finite
element analysis was performed with Salome tool
and consists in non-linear finite elements which can
provide better results in comparison with linear
elements. The mesh structure is composed by 3D
tetrahedrons. Also, the mesh size has been reduced
for the curved areas of the model.

Figure 9: Part mesh

4.2. Modal analysis

Usually, the modal analysis simulation is the first
step of the dynamic analysis. The modal analysis
goal is to determine the mode shapes of the structure
and their associated eigenfrequencies. After that, we
ran a second analysis to find the response of the
structure. In the range 10 — 800 [Hz] one frequency
has been found, the difference between the measured
frequency fr.s=509[Hz] and the frequency obtained
from simulation with Code Aster frga= 529[Hz] is
3.7%.

Figure 10: Mode shape

For the Modal analysis, only the modal
frequencies, modal shapes and the strain energy
density for each mode can be determined. The
deformation and the stress being the subject of a
subsequent analysis when the loads are applied.

4.3. Random analysis of the cover

To determine the frequency response of the part
under observation we used power spectral density
(PSD) profiles as the dynamic excitation or the input
for random analysis.

In case of multiple sources of random excitation,
a matrix S, (@) like the one defined by the relation

(11), is collecting the imputs:

Sk (@) Sk, (@)

Spp(@) = (11)

Sr.r (@) Sr.r, (@)

The cross spectrum as well, in parallel to the
autopower spectra, are required for the multiple
sources analysis. The Code Aster solver [12] along
with another solvers like Nastran, Abaqus, Radioss
and so on, offers the possibility to calculate the
response of the analysis.

For the simulation four sources of random
vibration have been considered. The sources of
vibration have been measured in the laboratory. For
the input matrix, we calculated the cross spectral
p
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the measuring points are deposited in the matrix
S vy (o) of the form (12):

SXIXI (w) SXIXN (w)

Sxx (@)=

Sy (@) Sy (@)

(12)

and are calculated by the following matriceal
relation (13) [2].

S (@)= H (0)S,(0)H" (0) (13)

where H(w) is the matrix of the transfer functions of
interest, (*) denotes the complex conjugate and T
denotes the transpose of a matrix. In our case one
response is of interest and calculated, a diagonal

position of the matrix S, (@) .

The four vibration sources measured in cover’s
fixing points are available. The measured spectrum
in one of the points can be seen in Figure 11.
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Figure 11: Example of power spectrum density measured
in one of the points.

The solver generated the frequency response
depicted in Figure 12. The standard deviation with a
value of 1lo= 1.03E-02 [mm] and 3c = 3.12E-02
[mm] resulted, which means that there is a
probability of 99.7% to have a displacement
between 0 and 0.0312 [mm)].
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Figure 12: FRF response

The resulted stress installed on the structure has
to be interpreted in the same way like the
displacement, using the statistical parameter 3c.

Figure 13: 3 sigma Displacement

The stress with 3¢ distribution is plotted in
Figure 14 and the distribution function in Figure 15.
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Figure 14: 3 sigma Stress

The distribution function shows that 99.7% of the
time, the stress on the cover is between 0 and 12.84
[MPa].
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Figure 15: The stress Normal distribution
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5. CONCLUSIONS

In this article the analysis of a cover was
presented. Our results certify that it is acceptable to
use a simplified FEA model (without the fixing
support) and the results are relevant.

Following the measurements performed in the
laboratory, vibration profiles were determined at
different excitation points of the cover. The sources
of vibration are used in the finite element vibration
analysis. It may be noticed that the results obtained
by simulation of two models: the model that
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includes the fixing support and model that includes
only the cover, are similar.

We can conclude that random processes can be
simulated with good precision. The random
simulation gives the engineers the possibility to
design reliable and low cost products. The finite
element analysis can be used to assess components
and structures which are subjected to random
vibrations. This offers the possibility to evaluate the
frequency response functions for the components of
interest and in the second step to determine the
response to random vibrations like displacements
and stress with probability of 1o, 206 and 30. The
results from random vibration analysis are further
used to assess the fatigue of components. The study,
offers the possibility to perform complex analyses
that conduct to a better understanding of the
behavior of structures subjected to random
vibrations and their optimization using the finite
element method.
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