Model validation for squeak & rattle

Model validation for squeak & rattle
Validating the tailgate model
on a complete vehicle
Application note

Polytec and Volvo Car Corporation demonstrate how suitable numerical simulation
approaches make it possible to better predict the acoustic performance of component
connections. Besides a good methodology, the validation of the calculated results
through realistic testing is crucial for model
optimization.
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Squeak and rattle

as well as the relative displacements along the contact/
gap lines between neighboring components. In the time
domain correlation the relative displacement is analyzed
according to the e-line method.

'Squeak and rattle' (S&R) refers, as the name suggests,
to undesirable squeaking and rattling noises – an issue
which is steadily becoming more and more important to
customer satisfaction. S&R is a non-linear phenomenon E-line method
which is heavily dependent on the relative displacements of neighboring components. A simple example The E-line method focuses on calculating and evaluating
of this is a rattle that only starts when two neighboring the relative displacement between two parts, which is
components touch each other during vibration, i.e., a
the main cause for S&R, chafing and abrasive wear. The
gap initially present is closed by the relative displaceevaluation is always performed in the time domain and
ment. Squeaking, on the other hand, occurs as a result in a local coordinate system, in order to capture the
of frictional movements of neighboring components
displacement in the rattle direction and in the squeak
which have already been in contact. The cause of this is plane (figure 1).
the so-called stick-slip phenomenon which occurs when
the relative displacement exceeds a specific threshold
To enable an efficient evaluation of the relative displacevalue for the material pairing.
ment, node pairs are defined along a 3D curve, which
is located between the two parts. Each node pair has
In order to be able to detect and avoid these backits own local coordinate system, in order to capture the
ground noises in new vehicles as early as possible,
local gap geometry. The load is defined in time domain
Volvo Car Corporation uses a new comprehensive S&R and can be taken from a PSD definition or recorded time
simulation tool (E-Line) early on in the design phase. At domain data. The resulting displacements along all of
the crux of this simulation is an FEM calculation in the
the E-lines are calculated in the local coordinate system
frequency domain (modal transient) whereby the rela- belonging to each node pair. The displacements are the
tive displacements along the contact/gap lines between input to an interface in Matlab, where the evaluation can
the neighboring components are calculated and anabe performed on a global, line and point level (figure 1, 3).
lyzed. This may concern one assembly, the dashboard
for example, or a complete vehicle.
Since the result is a response in time domain (transient),
a statistical approach is needed to include the time
One parameter which is of key importance to this
aspect in the evaluation. The amplitudes are ranked and
calculation is the damping. If the aim is to calculate
a certain percentage of the highest values is chosen.
the relative displacement within a door gap, then the
Finally, the mean value of these amplitudes is calculated
stiffness of the seal is also of crucial importance to the
(figure 1). Hence, the whole time history of the relative
accuracy of the results. To improve the input parameters displacements can be condensed into one single value,
attenuation and seal stiffness, both a standard modal
which can be compared to a tolerance value for squeak
correlation and a time domain correlation are carried
or rattle assessment.
out. This involves the exact and high spatial resolution
measurement of the eigenmode of the complete model
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Test

Application test

The measurements to determine the Eigen modes of the
complete vehicle as well as the relative displacements
along the joining points were carried out using a 'RoboVib' system. This measurement system enables an exact,
non-reactive and high spatial resolution calculation of
the 3D vibration movements of any structure. This is
achieved through the combination of a six-axis robot
and a Polytec 3D Scanning Vibrometer. Three measurement lasers are guided synchronously to the measurement points with the help of precision XY scanners.
The transfer function is measured using the laser Doppler vibrometry procedure. The sensory function of the
'RoboVib' system is completely software-controlled, i.e.
completely virtualized, and can be connected to the
CAE world on data level. The measurement takes place
directly on the simulation nodes – this simplifies and
improves correlations significantly.

This measurement was carried out in collaboration with
engineers from Volvo Car Corporation and application
engineers from Polytec. The tailgate in a complete,
ready-to-drive Volvo V60 (figure 2) served as an example
component for applying this method.

The RoboVib test system may be used for commercial
measurement services such as, for example, experimental modal tests with high point density.
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The vehicle is supported on tires with reduced air pressure in order to achieve a stiff body frequency. Vertical
vibration is generated in the front left main chassis
beam using a modal shaker and the force introduced is
measured using a force transducer. First, the resonance
vibration shapes of the entire vehicle are determined.
To do this, a measuring grid that covers the entire
vehicle shell is imported from the simulation (figure 3).
The transfer function surface velocity/force is measured
at every node. These results show the resonance vibration shapes at any given frequency, the high point
resolution greatly improves visualization. Then the
transfer functions are exported as a universal file and the
Eigen modes and Eigen frequencies with the respective
damping values determined in LMS using the Polymax
procedure.
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The second step, which is included for frequency
domain correlation, involves measuring the relative
displacements of neighboring points on opposing
sides along the tailgate gap. Since the points are to be
measured sequentially, a pseudo random signal of 4 s repeated for every measurement point (trigger) - is
used as an excitation signal. The measured responses
(movement in x, y and z) are saved as time data (figure
4). The underlying test procedure was carried out on
an entire vehicle by the RoboVib Structural Test Station.
Before, Volvo Car Corporation used to measure per 3D
Scanning Vibrometer without a robot. Results are also
taken from this test.
Simulation
The simulation model contains the BIW, lamps, bumper
and tailgate. In order to bring the simulation model as
close as possible to the test setup, the mass, geometry,
material data and connections are thoroughly checked.
As a means of further validation a visual modal correlation was carried out in order to compare the measured
eigenmodes and resonant frequencies with those which
were calculated.
The sealing is represented by spring elements, with
stiffness in three directions following the sealing gap
geometry, see figure 6. The spacing between the spring
elements is 20 mm, which gives a length specific stiffness unit of N/mm/20mm for the sealing.

are exported from Polytec and imported into the simulation model. The E-line creation is performed by using
these imported points. As shown in figure 5, the local
z-direction is pointing in the gap direction.
A simulation in time domain is applied by using the
modal transient analysis (SOL 112) in Nastran. The 4s
long measured force signal from the test is used as
an excitation for the simulation. Similar to the test, no
boundary condition is applied (free-free). For each of
the three test setups (without sealing, with sealing,
with sealing and beam cross) a simulation has been
performed.

In order to calculate the relative displacement in exactly
the same points as in the test, all the measured points
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Correlation
After calculating the relative displacement using the
test and simulation, the results can be compared and
analyzed in the Matlab program. Along the gap, the
average of the 30 % largest values is used to enable a
robust analysis. Before the test data can be compared
with the simulation results, these must be filtered and,
transformed from the overall test coordinate system
into the corresponding local coordinate system for each
node pair.
Figure 6 shows the magnitude of the relative displacement for the measurement (solid line) and the simulation without seal. A value of D = 1 % (dotted line)
is assumed as an initial estimated value for the overall
damping. Since the attenuation is the only unknown
parameter, a good correlation can be achieved by reducing the damping value to D = 0.5 % (broken line).
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The relative displacement for the local z-direction (rattle
direction) is analyzed in the same way, figure 7. The
broken line is the simulation response and the solid line
the measured relative displacement. Both the shape and
the values of both curves generate a good correlation in
the local z-direction.
This good correlation is also achieved for the local
y-('flush) and x-direction (along the gap). The damping value of D = 0.5 % which was calculated in the first
measurement is then used as the given value for the
second measurement with seal. The three seal stiffness
values are the unknown parameters in the second measurement. The values are varied independently of one
another in the simulation. A change in one stiffness value
changes the eigenmodes and resonant frequencies. This
in turn leads to a change in the amplitude and phase in

The cooperation between Volvo Car Corporation and Polytec RoboVib® Test Center has
proven to be an efficient method.

the modal transient analysis, making it more difficult to
make a clear prediction. Solution possibilities are limited
through a systematic variation of the parameters and
analysis of the seal stiffness. A good correlation can be
achieved with the following stiffness values: kx=5, ky=0,
kz=3 N/mm/20 mm. The stiffness in the lateral direction
(y) has a negligible influence on the relative displacement.

This article shows that numerical simulation and the
described E-line method help to improve predictions
about the acoustic behavior in compounds. The optimization of a model requires both, a reliable methodology
and the validation of the calculated results through
realistic testing. The described e-line method has proven
to be an efficient method.

Conclusion
The validation on the overall damping and stiffness was
conducted with the help of a correlation in the time
domain. Both parameters are essential for squeak and
rattle simulations of vehicles. Measurements were
performed on the RoboVib Structural Test Station.
The measurement results allow a very precise modeling
of squeak and rattle behavior based on the exact simulation of the relative motion in all three local directions.
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