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ABSTRACT
Reducing the aerodynamic noise produced by turbulent flow

exciting a car window is one of the current noise control chal-
lenges in the automotive industry. Flow separation and later
reattachment into a turbulent boundary layer and turbulent wake
occur because of flow over the A-pillar and the wing mirror. Ex-
periments have been carried out to represent an idealised wing
mirror noise problem using flow over a half cylinder exciting
a flat plate. A scanning P-U (pressure-particle velocity) probe
was used to measure various aspects of the window response and
sound radiation, including the energy distribution of the vibrat-
ing surface, the total radiated sound power and hence the radia-
tion efficiency. In addition, experimental results showed that the
operational deflection shapes of the car window can be visual-
ized by using scanning particle velocity measurements, obtaining
similar results as with step-by-step measurements using a roving
accelerometer. The scanning sound intensity maps also proved
to be helpful for detecting weaknesses of the initial experimental
setup as part of the experimental optimization.

NOMENCLATURE
a Panel length (m).
b Panel height (m).
c0 Sound velocity in air in n.c. (344 m/s).

D Bending stiffness (N×m).
E Young’s modulus (N/m2).
fc Panel critical frequency (Hz).
f1,1 Panel first resonance (Hz).
h Panel thickness (m).
I Acoustic intensity (W/m2).
In Acoustic intensity normal to the surface (W/m2).
P Panel perimeter (m).
p Sound pressure (Pa).
S Panel surface area (m2).
Spu Cross spectral density between pressure and velocity.
T Time length of a signal segment (s).
u Acoustic particle velocity vector(m/s).
un Acoustic normal particle velocity (m/s).
W Sound power (W ).
Wrad Sound power radiated (W ).
µ Mass per unit area (Kg/m2).
ν Poisson’s ratio.
ρ0 Air density (kg/m3).
ρm Panel density (kg/m3).
σ Radiation efficiency.
σcmr Radiation efficiency within the corner mode region.
σemr Radiation efficiency within the edge mode region.
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INTRODUCTION
The noise reduction achieved in noise sources such as the en-

gine, power train and tyres, has in recent years increased the rela-
tive importance of aerodynamic noise to the automotive industry.
Wind noise can be perceptible above 100 km/h, and may become
dominant for speeds higher than 130 km/h. The front side car
window is positioned close to the driver’s ear and vibrates when
excited by the turbulent air flow, so it can be considered as an
potential dominant noise source.

Many attempts have been made to develop theoretical mod-
els of the aerodynamic excitation using CFD (Computational
Fluid Dynamics), but the complete process of sound transmis-
sion into the car interior must also take into account the coupling
of external acoustic waves and convected pressure fluctuations to
the window, the dynamics of the window and its sound radiation
characteristics. It is considered that the optimal solution for pre-
dicting sound radiation must integrate empirical, experimental
and numerical methods [1]. Whilst there have been a number of
publications describing measurements of the Wall Pressure Fluc-
tuations (WPF) generated by a Turbulent Boundary Layer (TBL),
a limited amount of research has been published for characteriz-
ing the other factors in the sound transmission process.

The aim of this research is to measure a high quality set
of data that can be used to validate a complete simulation of
a window excited by the turbulent wake caused by the interac-
tion between a 3-D object and high speed flow, such as a car
door mirror. Subsequently, the capabilities of intensity mea-
surement techniques using a PU probe have been explored not
only for characterizing the vibro-acoustic properties of a vibrat-
ing panel; but also for optimizing the initial experimental mea-
surement setup.

THEORY
In order to understand how to characterize the vibro-acoustic

properties of a vibrating panel using sound intensity mapping
techniques several theoretical concepts have to be introduced:
Sound intensity, sound power, radiation efficiency and opera-
tional deflection shapes are described in the following sections.

Sound intensity
The instantaneous intensity I(t) of a sound wave is the in-

stantaneous rate per unit area at which work is done by one el-
ement of fluid on an adjacent element [2]. It is obtained as the
product of pressure and particle velocity (I(t) = pu).

The intensity I is usually defined as the time average of I(t),
so the time-averaged rate of energy transmission through a unit
area normal to the direction of propagation,

I =< I(t)>T =< pu >T =
1
T

∫ T

0
pudt. (1)

Because of its intrinsic dependency on particle velocity,
there are two methods to estimate sound intensity: directly us-
ing a P-U intensity probe; or indirectly by using a P-P intensity
probe (two pressure microphones). An interesting discussion of
the limitations of direct and indirect principles is given in [3].

In the case studied, a P-U probe was used for obtaining
sound intensity values normal to the surface. Consequently, the
general expression for the time-averaged normal intensity imple-
mented is given by [4]

In(ω) = Re{Spu(ω)} (2)

where Spu(ω) is the cross spectrum between the pressure and
particle velocity signals acquired.

Sound power
Radiated sound power is widely regarded as a intrinsic prop-

erty of a sound source. For many years sound power has been
used as a quantitative “label” of the acoustic performance for
noise-generating systems. Nevertheless, it has to be highlighted
that this physical quantity still depends on the measurement en-
vironment and not only in the device assessed [5]. Sound power
can be defined as the integral of the normal sound intensity which
surrounds the measurement object, i.e.

W =
∫

S
IndS (3)

For practical applications, the normal intensity can be calcu-
lated by computing the cross-spectra between pressure and nor-
mal particle velocity (see Eqn. (2)). Then, the integral have to be
discretized into a finite number of elements which has a radiating
area ∆S associated. Hence,

W = ∑
S

Re{Spu(ω)}∆S (4)

Radiation efficiency
The vibrations of most mechanical systems have spatially

dependent frequency behaviors. However, according to [6], the
relationship between radiation efficiency, radiated sound power
and mean square surface velocity can be established as follows

σ =
W

ρ0c0S ¯〈v2〉
(5)
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where W is the acoustic power radiated by the panel, ρ0 is the air
density, c0 is the sound speed, S the area of the panel, ¯〈v2〉 is the
panel surface-averaged mean square normal velocity and σ is the
radiation efficiency. All terms required in Eqn. (5) for calculating
a panel efficiency can be obtained experimentally: sound power
(W ) from spatially integrating intensity measurements; and the
mean square surface velocity ¯〈v2〉 by averaging integrals of point
accelerometer measurements. Consequently, Eqn. (5) gives an
experimental radiation efficiency of a panel or structure.

On the other hand, the approximate radiation efficiency of
a simply supported rectangular plate can be found analytically
by evaluating different frequency regions separately. In the case
studied, the frequency range of interest is within the so called
“short-circuiting region” where mainly edges and corners radia-
tion become dominant. The “short-circuiting region” of a panel
starts at the frequency of its first structural mode, i.e.

f1,1 =
π

2

(
1
a2 +

1
b2

)√
D
µ

(6)

where a and b are the height and width of the panel; µ is the mass
per unit area (ρmh, panel density times panel thickness ); and D
is the bending stiffness defined as

D =
Eh3

12(1−ν2)
(7)

where E is the Young’s Modulus and ν is the Poisson’s ratio of
the panel material.

The short-circuiting region ends at the critical frequency
of the panel, defined as the frequency at which the bending
wavenumber equals the wavenumber in air. For a homogeneous
panel this is

fc =
c2

0
2π

√
µ
D

(8)

The radiation efficiency within the short-circuiting region
can be separated into two main areas depending on the rela-
tionship between the acoustic wavenumber and the structural
wavenumber associated with the radiating mode. For low fre-
quencies we can define a ”corner mode region” where the short-
circuiting occurs over the whole panel except at the corners. The
efficiency can be thus defined as

σcmr ≈
4π2D
c2

0Sµ
(9)

Furthermore, as we increase frequency we reach a ”edge
mode region”, where net radiation occurs along two opposite
edges. Then, the efficiency can be expressed as

σemr ≈
c0P

4π2S fc
· (1−α2) ln((1+α)/(1−α))+2α

(1−α2)3/2 (10)

where α =
√

f/ fc and P is the perimeter of the panel. By com-
bining Eqn. (9) with Eqn. (10) it is possible to characterize the
broadband radiation efficiency within the short-circuiting region
of a panel. Results obtained implementing this equations are be
compared with the experimental data in the following sections.

Operational Deflection Shapes
Understanding the dynamic behavior of a component, ma-

chine or structure is a key factor for controlling noise, vibration,
fatigue or wear problems. Conventionally, analytical modal anal-
ysis is used to characterize resonant vibration in machinery and
structures from a theoretical point of view. However, it is often
required to study a structure under a number of different operat-
ing conditions. For particular scenarios it has been proven that
direct measurements are faster, simpler and more accurate than
analytical predictions [7]. Experimental modal analysis can be
performed by measuring Operational Deflection Shapes (ODSs),
and then interpreting or post processing them in a specific man-
ner to define mode shapes [8, 9].

To understand the physical meaning of an ODS, they could
be seen as the picture which would be obtained if a stroboscope
were used to freeze a vibrating object at a desired frequency.
Hence, an ODS is an observation, or visualization, of particular
dynamic behavior but it does not give the characteristic dynamic
properties of a particular structure.

At or near a resonance peak the ODS is dominated by that
mode, and the ODS is approximately equal to the mode shape
of the vibrating structure evaluated. In addition, modal parame-
ters (natural frequency, damping, & mode shape) can be obtained
from a set of FRF measurements. These characteristic proper-
ties are obtained by post-processing a set of ODS data. Conse-
quently, a set of FRFs can be thought of as a set of ODSs over a
frequency range [10]. A good representation of the model shapes
using operational deflection shapes can be achieved using a ran-
dom excitation source as the turbulence generated by flow-solid
interactions.

The most widespread techniques for testing Operational De-
flection Shapes are based on step-by-step or simultaneous mea-
surements with accelerometers. Nonetheless, attaching transduc-
ers directly to a vibrating surface structure may not be always
possible. This fact has increased the popularity of non-contact
solutions based on measurements with Laser Doppler Vibrome-
ters (LDV) [11]. LDV systems allow the fast acquisition of a high
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number of measurements with a good spatial resolution but their
noise floor is conventionally higher than most accelerometers,
specially at higher frequencies. The high price and setup com-
plexity of current commercial systems limites the use of LDV for
most common applications.

Alternatively, acoustic particle velocity sensors or Mi-
croflowns [12,13] have been proven to be suitable for measuring
non-contact vibrations [14–18]. In the latter papers it is shown
how to use the Microflown in the areas of experimental modal
analysis (EMA) and operational modal analysis (OMA) due to
the so-called Very Near Field (VNF) assumption [14]. This states
that in the region really close to a vibrating surface, the air parti-
cle velocity measured by the Microflown at the point where the
probe is positioned equals the velocity of the corresponding point
on the surface. The structure-borne noise produced by the vibra-
tion is measured by the probe, in terms of sound pressure and
particle velocity. Next, this information can be effectively uti-
lized as a direct measurement of the vibration itself under certain
boundary conditions.

Several studies have revealed the potential of using P-
U probes for measuring structural vibrations with step-by-step
techniques and recently, ODSs have been also measured using
P-U probes with scanning methods [19]. Scanning measurement
techniques allow reducing significantly the number of sensors,
time and cost of the experiments but they are constrained to
assess time-stationary sound fields. Therefore, scanning ODSs
measurements are suitable for charactering structures excited
with time stationary forces, which is the case for the setup stud-
ied.

MEASUREMENT METHODOLOGY
Scan & Paint measurements

If the measured signals can be assumed time stationary, con-
tinuous scanning measurements can be then performed for char-
acterizing the Operational Deflection Shapes in a fast and ef-
ficient way. Recent works have introduced a novel scanning
method called “Scan & Paint” [20–22] for measuring sound pres-
sure, particle velocity, intensity, sound absorption and acoustic
impedance. The properties of the sound field are determined and
visualized via the following routine: while the probe is moved
slowly over the surface, pressure and velocity are recorded and,
at the same time, a video image is captured. Next, all data is
processed. At each time interval, the video image is used to de-
termine the location of the sensor. The absolute position of the
probe is unknown, only the 2D coordinates relative to the back-
ground image are computed. Then, an acoustic color plot is gen-
erated.

The boundary layer pressure in the panel studied can only
be assumed time stationary with sufficient averaging. Conse-
quently, the Scan & Paint grid method [23] has been employed
for combining several sweeps over discrete spatial areas across

the panel. Two scans of 4 minutes were performed with a sep-
aration between probe and radiating surface of approximately 5
centimeters. As a result, 44 areas of 25cm2 were measured with
an average time segment length of 10 seconds.

Sound radiation measurements
Using directly the data obtained by the scanning intensity

measurements performed with the Scan & Paint method it has
been possible to implement Eqn. (4) for estimating the radiated
sound power. Therefore, discrete values of the normal intensity
have been integrated over the total panel area.

Also, sound pressure measurements were carried out at dif-
ferent distances from the center of the panel using a free-field
microphone which allows to measure the noise coming from the
vibration panel. It must be highlighted that the sound pressure
measured by the microphone can be influenced not only by the
noise radiated from the panel but also by the noise radiated from
different parts of the experiment setup as, for example, the acous-
tic baffle used. For this reason, it is crucial to apply the scanning
mapping technique described above in order to assess each part
of the setup individually.

Step by step accelerometer measurements
Single point measurements were carried out by using a rov-

ing accelerometer over a grid formed by 24 points over the panel.
During all these measurements, a reference accelerometer was
place at a fixed point for ensuring time stationary conditions dur-
ing all individual measurements.

EXPERIMENTAL SETUP
The experiments carried out simulate the flow induced vibra-

tion and noise radiation from a side car window due to the turbu-
lent wake produced by the wing mirror. The turbulence generated
are convected downstream causing surface pressure fluctuations
on the side car window that produce its vibration and the con-
sequent noise generation. This excitation, despites its random
nature, can be defined as stationary in time if the flow speed is
fixed. Therefore, the car window is exposed to a broadband ex-
citation stationary in time. The measurements were done in the
subsonic open jet anechoic wind tunnel located at the Institute of
Sound and Vibration Research (ISVR) where a very low noise
and low turbulent flow of up to 150 km/h can be achieved. More
details about the design and performance of this facility can be
found in [24]. For these experiments, a flow with constant speed
of 144 km/h was generated. Figure 1 shows a front view of the
experiment setup.

Instead of using a real car window, an equivalent panel with
similar dynamic properties was used. The reason for this change
is that the use of a real car window presents additional compli-
cations for the experiment setup as for example the difficulty to
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Figure 1: Front view of the experiment setup

drill it in order to attach it to the framework used.
Evaluating the dispersion curves and coincidence frequency

of a standard glass car window 4 mm thick and panels of different
materials it was found that an aluminum panel 4 mm thick pro-
vides very similar performance. The aluminum plate (700mm by
350 mm) was fixed in position by screwing it to a frame with the
same dimensions made by wooden edges. The distance between
screws was 150 mm in the streamwise direction and 80 mm in
the spam wise direction allowing the complete attachment of the
panel to the frame so clamped boundary conditions can be ap-
proximated with an idealized zero displacement boundary con-
dition at the edges.

An acoustic baffle was used to surround the test panel in or-
der to minimized the noise generated by flow interaction with the
edges of the panel and the diffraction of sound around it. In order
to avoid the transmission of vibration between panel and baffle
they were not directly connected and whereas the acoustic baffle
was supported by stands clamped to the floor of the chamber to
stabilize the whole setup, the frame where the aluminum panel
was attached was supported by different stands.The remaining
cavity between the edges of the panel and the baffle was care-
fully filled with dense foam lined barrier material avoiding noise
transmission through any leakages. The acoustic baffle was built
from a 15 mm thick MDF board and covered with a dense acous-
tic foam on the flow-facing side, this isolated the baffle from both
the acoustic field generated by the vortex shedding from the mir-
ror and the turbulence in the flow.

The wing mirror was substituted by a half cylinder that has
simpler geometry. It was placed on the plate just before the up-
stream edge of the aluminum panel and its center was aligned
with the symmetry axis of the aluminum panel in the stream wise
direction and also aligned with the center of the nozzle in order
to ensure the half cylinder was located inside the core of the jet.

Figure 2: Sound intensity map of the of experimental setup back-
side before applying passive treatment (dB ref 10−12 W/m2)

OPTIMIZATION OF THE MEASUREMENT SETUP
Preliminary tests have been performed across the experi-

mental setup described in the last section to minimize the ef-
fect of any possible leakage. Conventional step-by-step measure-
ments are highly time consuming, specially when evaluating leak
detection problems because they require high spatial resolution.
Furthermore, the time limits for carrying out the experiments in
such a complex facilities have lead to consider alternative meth-
ods which allow a fast and efficient characterization of the sound
intensity in the near field. Consequently, Scan & Paint measure-
ments were performed across the back part of the setup using
a P-U probe. The panel was excited by the turbulent flow pro-
duced when having a 140 km/h air flow towards the half cylinder
mounted.

Three different scans have been performed for less than 10
minutes. Figure 2 shows a broadband sound intensity map (150
Hz to 5 kHz) of the complete setup.

As can be seen in Figure 2, four different areas have been
highlighted: front cover, panel, top leakage and end baffle. These
areas were identified as potentially problematic for different fre-
quency regions. Once the unwanted sources were localized us-
ing broadband maps of sound intensity, individual narrow band
analysis were computed. Since positional and signal informa-
tion were synchronously acquired it was possible to study the
short time series corresponding to the signal segments measured
during a sweep across a certain area. Figure 3 presents the sound
intensity spectra of the four different areas highlighted in the pre-
vious global sound intensity map.

In the low frequency region (below 100Hz) two main
sources could bias the panel measurements due to their high
sound intensity levels: end of the baffle and the top leakage.
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Figure 3: Comparison of intensity spectra of different parts of
the experimental setup before applying passive treatment

However, the immediately close leakage has far more relevance
than the end of the baffle which acts as a secondary noise source.

Assessing now the frequency region between 100 Hz to 500
Hz it is important to notice that noise from the front cover wood
panel becomes significant. Moreover, the influence of the top
leakage still behaving as a dominant source in this frequency
band.

Above 500 Hz the sound intensity measured across the panel
area seems to be strongly affected by all the three different prob-
lematic areas identified. Any possible resonances of the panel at
higher frequencies cannot be seen assessing the intensity spectra
because of masking effects of the undesired sources.

Several pieces of foam were attached to rear panel to min-
imize the weaknesses of the initial experimental setup. In addi-
tion, the top leakage was sealed and covered with a double layer
foam. As a consequence, the sound pressure and particle veloc-
ity field in the vicinity of the panel were optimized to be depend
on sound radiated by the panel and not on any undesired sources.
Modifications had a direct impact in the total estimated sound
power of the assessed panel, as can be seen in the following sec-
tion.

CHARACTERIZATION OF PANEL VIBRO-ACOUSTIC
FEATURES

Many theoretical models have been developed to predict
the behavior of structures excited by an aerodynamic excitation.
However, it is widely accepted that an optimal solution needs to
integrate empirical, experimental and numerical methods. Two
different experimental analysis have been performed in this sec-

Figure 4: Sound power spectra comparison of the evaluated panel
before (blue) and after (red) applying passive treatment on the
problematic areas of the baffle identified

tion, the acoustic and the dynamic properties of a panel excited
by turbulent flow. First of all, the sound power, radiation ef-
ficiency and the sound pressure radiated were assessed. Next,
the operational deflection shapes were studied using two differ-
ent techniques: step-by-step accelerometers and a scanning PU
probe.

Acoustic properties
First of all, the sound power of the panel have been mea-

sured. It has been calculated by integrating the acoustic intensity
measured using the Scan & Paint method. This process have
been repeated twice, before and after applying the acoustic treat-
ment to improve the measurement setup in order to see if the
experiment optimization affects the power spectrum. Figure 4
illustrates the results found. As it is shown, the treatment ap-
plied to the spurious sources and leakages has a big impact on
the sound power spectra, specially in the mid frequency region,
where small resonance peaks of the the panel were completely
masked. This fact reinforce the importance of the optimization
setup stage for experiments with a low signal to noise ratio.

Secondly, the sound pressure radiated by the panel has been
measured for different separation distances. The noise floor of
each measurement has been evaluated by recording the sound
pressure generated when the panel is flush-mounted and no ob-
jects disturbs the air flow. Figure 5 presents the results obtained
in third octave bands. It is important to highlight that the dynamic
range rapidly reduces when increasing the separation between
the microphone and panel. This leads to have the same sound
pressure spectra independently of mounting or not the mirror at
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Figure 5: Sound pressure level difference between flush mounted
panel (blue) and mounted mirror (red) for several separation dis-
tances (dB ref 20 µPa).

the front side of the setup when measuring further than 0.8 me-
ters. Therefore, this results have to be assessed carefully in the
near field since the signal to noise ratio achieved did not allowed
a far field sound radiation characterization. In summary, an aver-
age signal to noise ratio of 4 dB and 3 dB have been obtained at
0.1 meters and 0.2 meters separation, respectively.

The experimental radiation efficiency has been calcu-
lated from the accelerometer and intensity measurements using
Eqn. (5). Thus, combining the sound power calculated above
with the surface velocity distribution of the panel, it has been
possible to characterize the panel radiation efficiency. Moreover,
the theoretical response of the panel has been computed between
the panel first resonance ( f1,1 = 96Hz) and the critical frequency
of the panel ( fc = 3003Hz) according to Eqn. (9) and Eqn. (10).
The theoretical characterization below the first resonance could
not be performed due the influence of strong secondary sources
which mask the behavior of the panel. On the other hand, the
signal to noise ratio became a limitation for assessing higher fre-
quencies due to low levels, less than 10 dB above 3 kHz.

Figure 6 compares the experimental and theoretical radia-
tion efficiency in third octave bands. As can be seen, there is a
good agreement between the two curves. It is worth nothing that
it is possible to compare the analytical model with the experi-
mental values found because all terms involved in Eqn. (5) can
be assumed unbiased from near field effects. The discrepancy
between results become more significant at higher frequencies,
close to the critical frequency of the panel. This could be due
to a poor signal to noise ratio when calculating the experimental

Figure 6: Measured radiation efficiency (blue) compared with
the analytical expressions for the corner mode region (red) and
the edge mode region (red)

panel radiation efficiency at higher frequencies.

Operational deflection shapes: accelerometers versus
PU probes

Step-by-step measurements have been performed placing an
accelerometer at several positions across the vibrating structure.
Then, a P-U probe have been sweep very close to the surface (ap-
proximately 5 centimeters). By discretizing the scanning mea-
surement through the space according to the Scan & Paint “grid
method” it has been possible to compare directly surface veloc-
ity measured with the accelerometer and with the scanning P-U
probe [19].

As have been pointed out in previous sections, Operational
Deflection Shapes (ODSs) allow us to study the dynamic behav-
ior of a structure or a vibrating plate across the entire spectra.
However, it is more interesting to focus only where the evaluated
element present the operational resonances. At these specific
frequencies, which conventionally are very close to the natural
modes of the structure, the input energy is highly amplified.

Figure 7 and Figure 8 show the ODSs at the second and
fourth resonant frequencies of the panel when the turbulent flow
is exciting the structure using the two different methods, ac-
celerometers (top) and a scanning PU probe (bottom). It can
be seen that the results at low frequencies strongly agree, de-
spite the fact the step-by-step measurements required about an
hour for acquiring the data and, in contrast, scanning PU probe
measurements were performed in about 4 minutes. On the other
hand, higher frequency ODS seems to be different depending on
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Figure 7: Operational deflection shape obtained (dB) with step-
by-step measurements using accelerometers (top) and scanning
measurements using a PU probe (bottom) at 165 Hz

the technique, but this fact was derived from the spatial resolu-
tion of both methods. The number of measurable positions for
the step-by-step method directly depends on the time required
for performing the measurements. Therefore, a decision have to
be made considering the maximum assessable frequency and the
time required.

Further evaluation of the ODSs of the measurement setup
including assessment of the relative phase across the structure
can be found in [19].

In conclusion, results showed very clear ODSs of the struc-
ture with either measurement method. However, the poor spatial
resolution of the accelerometer measurements lead to have spa-
tial aliasing which bias the real dynamic behavior of the struc-
ture. This fact supports the potential of using scanning P-U inten-
sity probes for vibroacoustics applications as a fast and efficient
tool.

CONCLUSIONS
An experiment to validate a complete aero-vibroacoustic nu-

merical solution was designed and executed. The experimental
setup emulates a problem of transmission of the flow induced
noise of a car window. The data gathered include the dynamic
behavior of a panel and its acoustic characteristics in terms of
sound power, radiation efficiency and sound pressure generated
in the near field.

Figure 8: Operational deflection shape obtained (dB) with step-
by-step measurements using accelerometers (top) and scanning
measurements using a PU probe (bottom) at 342 Hz

The ISVR open jet anechoic wind tunnel provided a smooth
flow with low noise and low turbulence making it possible to
achieve a good signal to noise ratio for most of the tests per-
formed.

The test panel and acoustic baffle were uncoupled to mini-
mize the effect of the baffle vibration response on the test panel.
Leakages and weakness in the experimental setup were detected
using scanning sound intensity mapping from Scan & Paint mea-
surements. Reducing these acoustic leakages in the preliminary
setup has been shown to be critical for estimating accurately the
broadband sound power spectrum of the panel.

Operational deflection shapes of the panel were measured
with two different methods leading to similar results. Moreover,
scanning measurements with a PU probe has been proven to be
very useful for obtaining high spatial resolution pictures of the
dynamic behavior of the structure at the operational resonance
frequencies.
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