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SYNTHESE :

Cette note présente une application de cette méthode à l'identification inverse
du champ d'excitation turbulent agissant sur une structure soumise à un écoulement.
Le dispositif expérimental utilisé pour cette application, consiste essentiellement en un
tube rectiligne soumis à un écoulement turbulent tridimensionnel complexe. Ce tube
est encastré à l'une de ses extrémités mais peut être supporté de différentes manières à
l'autre. Des conditions limites de supportage linéaires peuvent ainsi être imposées, à
l'aide de différents jeux de ressorts. Une configuration dynamique non-linéaire peut
également être imposée, à l'aide d'un support à jeu équipé de capteurs de déplacement
et de capteurs d'effort. Les mesures effectuées dans ces différentes configurations sont
utilisées afin de valider le champ d'excitation turbulent identifié.

Les caractéristiques modales du système vibrant soumis à l'écoulement,
identifié à l'aide du logiciel EMENE dans une configuration linéaire et à une vitesse
d'écoulement prises en référence, sont tout d'abord présentées. La réponse dynamique
mesurée et les résultats du logiciel IMENE sont alors utilisés afin de déterminer, à
l'aide du logiciel MEIDEE, le chargement turbulent auquel le tube est soumis, avec et
sans le processus de régularisation. Ces deux estimations inverses sont comparées et
une interprétation physique de l'effet du processus de régularisation est proposé. La
validation de l'excitation turbulente identifiée avec régularisation est alors menée en
trois étapes :

(i) La réponse dynamique de la structure dans la configuration prise en
référence est tout d'abord simulée numériquement, à partir de l'excitation identifiée,
puis est comparée aux résultats de la mesure, afin de valider le processus
d'identification.

(ii) Des essais sont réalisés, pour le même débit d'écoulement, dans de
nouvelles configurations de supportage linéaires et non-linéaires du tube. Ces
nouvelles configurations sont obtenus en modifiant substantiellement la raideur des
ressorts du support flexible ou en utilisant le support à jeu. La réponse dynamique du
tube est mesurée en configuration linéaire. La dynamique de choc au niveau du support
à jeu est mesurée en configuration non-linéaire.

(iii) L'excitation turbulente identifiée en configuration de référence et qualifiée
dans le point (i) est enfin utilisée afin de simuler numériquement les différents
comportements dynamiques du tube mesurés expérimentalement dans le point (ii). Les
résultats numériques sont comparés aux résultats expérimentaux. La bonne prédiction
du comportement dynamique du tube, tant en configurations linéaire que non-linéaire,
permet finalement de valider, d'une manière très satisfaisante, le processus inverse
d'identification régularisé.
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EXECUTIVE SUMMARY:

This paper is devoted to an application of this inverse identification process to a
practical flow-induced vibration experiment. The experimental set-up studied consists
of a straight tube submitted to a complex turbulent water flow. This tube is clamped at
one end but support condition can be varied at the other end. Linear support conditions
can be obtained with a set of springs. Non-linear dynamic configurations can also be
simulated using a loose support equiped with impact-sliding force cells and
displacement transducers. The experimental results obtained with these support
configurations are used to validated the identified turbulent excitation.

The modal identification of the structural responde decuded with the IMENE
software for a typical linear configuration and a given flow rate taken as reference is
first presented. The structural response and the IMENE results are then used by the
MEIDEE software to determine the distributed turbulent excitation associated to the
flow-rate considered, with and without regularization effect is proposed.

The validation of the identified excitation is then performed in three steps :

(i) The structural response in the reference configuration is first computed from
the regularized identified turbulent excitation and compared to measurements in order
to qualify the identification process.

(ii) Experimental tests are performed in new linear and non-linear support
configurations for the straight tube by varying drastically the spring stiffness or using
the loose support. The structural response is measured in linear configurations. In
non-linear configurations, impact-sliding forces and displacement at the loose support
location are considered.

(iii) The turbulent excitation identified in the reference configuration and
qualified in point (i) is finally used to compute the dynamical behavior of the straight
tube in the linear and non-linear configurations experimentally investigated in
point (ii). Computational results are compared to experimental data.

The good prediction of dynamical behavior, both in linear and non-linear
configurations, provides a highly satisfactory validation of the regularized inverse
identification process.
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In order to improve the prediction of wear problems due to flow-
induced vibration in PWR components, an inverse method for
identifying a distributed random excitation acting on a dynamical
system has been developed at EDF. This method, whose applications
go far beyond the flow-induced vibration field, has been implemented
into the MEIDEE software. T \ i s iuuM-jjr-1. \s

"indirect estimation'of turbuiennsnffeTmgTorces'usually assumes a
phenomenological model of the force cross-spectral density. This
analytical model, which is generally Corcos' model or one of its
variations (Corcos 1963, Blevins 1990, Chen 1987, Lin 1987, Gagnon
and Paidoussis 1994, Axisa et al. 1990, Granger 1991), depends on
some a priori unknown parameters and functions of frequency. The
inverse method presented in this paper allows the estimation of a
distributed random excitation acting on a dynamical system, with no a
priori assumption about the force cross-spectral density. Part 1 of this
paper is devoted to the theoretical derivation of the force
identification algorithm. The method is based on a modal model for
the structure and a spatial orthonormal decomposition of the
excitation field. The estimation of the Fourier coefficients of this
orthonormal expansion is developed. As this problem turns out to he
ill-posed, a regularization process (Tikhonov and Arsenin 1977) is
introduced.

The second part of this paper illustrates an application of the
inverse excitation identification process on a flow-induced vibration
experiment. The experimental set-up consists of a straight lube
submitted to a complex three-dimensional turbulent water flow. This
tube is clamped at one end but support condition can be varied at the
other end. Two different linear configurations can thus be achie\ed
using sets of springs of extremely various stiffness. A non-linear
dynamic configuration can also be simulated using a loose support
equipped with impact-sliding force cells and displacement
transducers. The experimental results obtained with all these supports
are used to validate the identified turbulent excitation.
The modal identification of the flow-induced structural response
obtained with the IMENE software (Granger 1990) for the linear
configuration taken as a reference is first presented in the paper. The
structural response and the IMENE results are then used by the Mtuni-r-
software to determine the distributed turbulent excitation, with and
without regularization process. These two inverse estimations are
compared and a physical interpretation of the regularization effect is
proposed. The validation of the identified excitation is finally
performed in three steps:

(i) The structural response in the reference configuration is first
computed from the regularized turbulent excitation, using a finite



element code for dynamic analysis. Numerical results are compared to
measurements in order to obtain a first validation of the identified
excitation.
(ii) Experimental tests are performed in new linear and non-linear
configurations by varying drastically the springs stiffness and using a
loose support, respectively.
(iii) The turbulent excitation identified in the reference configuration
is finally used to compute the dynamic behavior of the straight tube in
the linear and non-linear configurations experimentally investigated in
step (ii). Comparison between numerical and experimental results
enables, at last, validation of the identification process.

non-linear dynamic configuration can also be simulated using a loose
support.

In linear configurations, the dynamic response of the flexible tube
is measured with some twenty strain gauges distributed along the tube
in two planes at right angles (see Fig. 2). Compared to other types of
response transducers, strain gauges are accurate in the low frequency
region where a large amount of turbulent energy is expected.
Furthermore, it is easy to make them watertight.

In the non-linear configuration, only the impact dynamics on the
support is measured. This is done with force and displacement
transducers placed on the loose support.

2. EXPERIMENTAL SET-UP
Figure 1 shows a schematic representation of the experimental set-

up used to validate the inverse method presented in the first part of
this paper. In essence, it is composed of an extremely rigid 30 cm
square and lm high flow housing. The test section thus defined is
fitted with a water inlet at the top, and a lateral outlet three-quarters
up the side. This relatively simple geometric configuration allows
producing quite complex three-dimensional turbulent flow.

lateral outlet

flexible tube

springs

water inlet

clamped end

complex three
dimensional

turbulent flow

loose support

linear configuration non-linear configuration

Figure 1. Experimental set-up.

A flexible tube, inserted vertically in the test section, vibrates
under the effect of the flow. The top of the tube is clamped, while the
lower part can be supported in various ways. Two linear
configurations can be achieved using sets of springs of extremely
various stiffness to link the free end of the tube to the test section. A

strain gauges
plane of flow

outlet

Figure 2. Strain gauge locations.

3. VALIDATION PROCEDURE
Validation of the inverse method presented earlier can be divided

into three main steps, combining measurements and calculation:
(i) The first step consists in inverse determination of the distributed
random turbulent excitation acting on the flexible tube at a given flow
rate, taken as a reference. To do this, the vibrating tube is fitted with
the soft set of springs. The flow-induced dynamic response of the tube
is then measured with strain gauges. The modal characteristics
(natural frequencies, modal damping ratios, mode shapes and modal
masses) of the tube subjected to the flow are first identified from these
measurements. This preliminary phase is performed using the IMENE
software (Granger 1990) for modal identification under unmeasured
excitation. The regularization process described above is then applied.
Given the measured responses and the IMENE results, the distributed
random excitation to which the tube is subjected is thus determined,
(ii) The second step is to validate the turbulent excitation identified in
the first step. This excitation may be considered to be independent
from the motion of the structure, in the range of small displacements.
The validation procedure thus consists in modifying noticeably the



vibratory characteristics of the tube and to measure its dynamic
response under the flow effect, at the reference flow rate. The
turbulent excitation acting on the tube must be identical to that in the
first configuration. The measured dynamic response can thus be
simulated numerically with a finite element code for dynamic
analysis, using as input data the turbulent excitation identified
experimentally. Comparison of calculations with measurements then
enables validation of the.excitation obtained with the regularization
process.
In practice, the vibratory characteristics of the tube are modified by
replacing the soft set of springs with the stiff linear support,
(iii) The third and last step lets us complete the preceding validation.
Here, a non-linearity is introduced by replacing the set of springs with
a loose support. The vibrating tube is then subjected to the flow at the
reference flow rate. The strain gauges are no longer used in this step;
only the impact dynamics on the support is measured, using force and
displacement sensors positioned on the loose support These
measurements are then processed so as to deduce the statistic
quantities characteristic of the impact dynamics (number of impacts
per unit of time; mean duration of impacts; standard deviation in
impact force, sliding force and displacement; wear work rate, etc.). As
above, the dynamics is then simulated numerically with a finite
element computer code for dynamic analysis that takes into account
such non-linearities as impact and sliding force. The input data is the
turbulent excitation identified in the first step.
Calculations and measurements are finally compared to confirm the
validity of the turbulent excitation identified earlier. This in turn
validates the process of inverse estimation that leads to this excitation.

Step (i) in inverse estimation of turbulent excitation is described
in section 4, which points up the effect of the regularization process.
The nature of the measurement noise filtered by this process is also
analyzed. Validation steps (ii) and (iii) are dealt with in section 5.

4. INVERSE ESTIMATION OF TURBULENT EXCITATION
A preliminary phase needed to estimate the turbulent excitation

acting on the tube consists in determining the modal characteristics of
the system {tube + support} subjected to the flow.

4.1. Modal identification of structural response
The turbulent excitation may be considered independent of the

dynamic response of the tube, in the range of small displacements.
The flexible tube is then equipped with the soft set of springs to
identify the excitation. The measured response of the tube due to the
effect of the flow is analyzed with the IMENE software. Exploration of
the frequency band from 0 to 500 Hz enables characterization of the
first fourteen vibratory modes of the tube subjected to flow. The
natural frequencies and modal damping ratios obtained in this
preliminary step are given in Table I. The natural frequencies, mode
shapes and modal masses identified are consistent with those obtained
by calculation.

The system {tube + support} has the particularity of being quasi-
axisymmetric. Each mode of this system therefore has an orthogonal
mode at about the same frequency. These modes are discriminated in
the modal identification phase, thanks to the multi-reference approach
implemented in the IMENE software. This approach makes it possible

to differentiate absolutely double modes, and more generally, multiple
modes.

As soon as the mechanical model of the vibrating system has thus
been identified, the inverse method described in the first part of this
paper may be applied from the measurement of the flow-induced
structural response. First, the results obtained without regularization
are presented, highlighting the phenomena of error propagation and
amplification. These results will later help to evaluate the effect of the
regularization process.

modes I & 2
modes 3 & 4
modes 5 & 6
modes 7 & 8
modes 9 & 10

modes 11 & 12
modes 13 & 14

modes in the plane
of flow outlet

f(Hz)

14,9
28,9
65,4
128,0
213,5
321,2
451,8

U%)
7,63
2,24
1,30
0,71
0,55
0,41
0,43

modes orthogonal
to the plane of

flow outlet
f(Hz)

15,0
28,4
65,6
128,4
213,9
3223
452,6

4(%)
5,59
237
1,34
0,66
0,52
0,46
0,39

Table 1. Natural frequencies and modal damping ratios
identified experimentally with the soft set of springs.

4.2. Inverse estimation of turbulent excitation without
regularization

The turbulent excitation acting on the structure is assumed to be
random, gaussian, steady and ergodic (see part 1 of paper). As the
mechanical model of the vibrating system is linear and deterministic,,
the response measured is also considered to be an ergodic steady
gaussian random process, characterized by its cross-spectral densities
Suu- Typical spectral densities of measured response are shown in
Fig. 3.

zee see
Frequency (Hr>

Figure 3. Typical measured response spectral densities :
strain gauges located at 0.114 m , — 0.510 m, 1.038 m
from the clamped end of the tube, in the plane of flow
outlet

As frequency increases, cross-spectral densities reach an asymptotic
value, due to measurement noise, about four or five decades lower



than maximum values observed. This enables evaluation of the
precision with which these cross-spectral densities are estimated. The
expected precision is on the order of 4 significant figures, for the
maximum values.

Figure 4 illustrates the modal response cross-spectral densities,
Sqq, obtained from the measured response cross-spectral densities,
Suu, without regularization. Only the spectral densities associated
with odd modes, located in the plane of flow outlet, are given in this
figure. The spectral densities associated with even modes are virtually
identical. The error in estimation of the measured response cross-
spectral densities is entirely transferred to the modal response cross-
spectral densities estimated without regularization. These modal
response cross-spectral densities are also characterized by a noise
level some four decades lower than the estimated values in the
vicinity of the resonance frequencies.

Frequency

Figure 4. Non-regularized modal response spectral
densities associated with odd modes (i.e. modes in the

plane of flow outlet):
— mode 1, — m o d e 3, — mode 5, —mode 7,

- — mode 9, mode 11, mode 13.

This level of precision, which remains acceptable at this stage of
calculation, breaks down when estimating the modal excitation cross-
spectral densities SQQ. The results obtained are shown in Fig. 5. The
modal excitation cross-spectral densities, SQQ, are deduced from the
modal response cross-spectral densities, Sqq, by means of the
following equation:

0)
with

(see paragraph 2.2.3. in the first part of this paper). In this expression,
n corresponds to the number of significant modes in the frequency
band examined, m/, _/]• and £/ respectively represent the modal mass,
natural frequency and modal damping ratio associated with mode i.
When the frequency considered / is far greater than the natural
frequency of mode i, fj, and that of modej, Jj, Eq. (1) can be
approximated in the following way:

An error s,j in the modal response cross-spectral density Sq^. thus
leads to an error e,y in the estimation of the modal excitation cross-
spectral density SQQ- proportional to the frequency raised to the
fourth power, in the highest frequency range. When ey is sufficiently
low for ey to be negligible throughout the domain of study, the
estimation of modal excitation by means of the non-regularized
process is correct. Otherwise, beyond a threshold frequency, modal
excitation cross-spectral densities are not satisfactorily estimated. The
error ey then quickly becomes preponderant and the modal excitation
cross-spectral density becomes proportional to the frequency raised to
the fourth power, in the highest frequency range, as seen in Fig. 5.

te-ffi

frequency (Kr)

Figure 5. Non-regularized modal excitation spectral
densities associated with odd modes (i.e. m o d e s in the

plane of flow outlet) :
— mode 1, — m o d e 3, — mode 5, — m o d e 1,

mode 9, mode I I , mode 13.

Figure 6 gives a typical spectral density of measured response and
the synthesis of this response deduced from the non-regularized
turbulent excitation. The virtually perfect concordance between these
two curves confirms that the poor quality of the modal excitation
cross-spectral densities deduced without regularization (fig.5) is due
solely to propagation and amplification of an error contained in the
initial signal. In the present case, it is therefore absolutely necessary
to implement the regularization process so as to filter the error in the
cross-spectral densities of measured response, immediately in the first
step of the inverse method.



Frequency (Hz)

Figure 6. Typical measured response synthesis deduced
from the non-regularized modal excitations :

measured response, - - - synthesis.

4.3. Inverse estimation of turbulent excitation with
regularization

The results presented below are obtained from the same measured
response cross-spectral densities as those used in the preceding
section. The regularization process is applied, here, tolerating a
residual error 5 of 1% between measured and synthesized signals (see
section 3, part 1).

The modal response cross-spectral densities obtained with the
regularization process are shown in Fig. 7. These cross-spectral
densities now exhibit a far more satisfactory behavior at high
frequencies than that found without regularization. They no longer
rapidly reach an asymptotic value, once the resonance frequency is
exceeded. The regularization process allows filtering a measurement
error which is here relatively well distributed throughout the
frequency domain.

Frequency tto!

Figure 7. Regularized modal response spectral densities
associated with odd modes (i.e. modes in the plane of flow

outlet):
mode 1, mode 3, — mode 5, —mode 7,
mode9, mode II , mode 13.

The regularized modal excitation cross-spectral densities also
appear satisfactory, as shown in Fig. 8. They exhibit a slowly
decreasing behavior up to a cutoff frequency, followed by sharp drops
characteristic of the Kolmogorov cascade. This cutoff frequency
ranges from 20 to 100 Hz, depending on the mode order. The level of
modal excitation spectral density also evolves with this order. The
highest levels are found for the third and fourth pairs of orthogonal
modes (modes 5 to 8). The mode shapes associated with these modes
probably correspond to the spatial distribution of the turbulent
excitation better than those of the other modes. These levels drop
significantly beyond the eighth mode. The tenth mode of the flexible
tube can therefore be considered as a reasonable order of truncation
for the representation of the distributed turbulent excitation (see
section 2.2.4, part 1).

fntfxrcy CHt)

Figure 8. Regularized modal excitation spectral densities
associated with odd modes (i.e. modes in the plane of flow

outlet):
— mode 1, —mode 3, — mode 5, —mode 7,

mode 9, mode 11, mode 13.

A typical comparison between a measured response and the
synthesis of this response deduced from the regularized modal
excitations is given in Fig. 9. The regularization process indeed
allows filtering the measurement error without altering the signal in
the vicinity of the modes.



frequency

Figure 9. Typical measured response synthesis deduced
from the regularized modal excitations :

measured response, synthesis.

As the regularized modal excitations are satisfactory, the cross-
spectral densities of turbulent excitation between any two points on
the tube can now be determined. For the purposes of illustration,
several spectral densities of turbulent excitation applied to the
vibrating structure are represented in Fig. 10.

Tretfxrcy (Hi)
ten

Figure 10. Spectral densities of turbulent excitation exerted
on the vibrating structure, in the plane of flow outlet, at

several distances from the clamped end of the tube :
0.0 m, 0.2 m, — 0.5 m,

— 0.8 m, 1.1m, 1.4 m.

4.4. Nature of the measurement error filtered
The noise filtered by the regularization process has two possible

sources. It may simply correspond to the measurement error obtained
through the acquisition system. It may also be the result of numerical
approximations due to the operations performed to estimated the
cross-spectral densities from the random strain gauge time history
records. From the kind of instrumentation used and the nature of the
filtered noise, the second source of error seems more likely. To verify
this hypothesis, the dynamic behavior of the flexible tube has been
numerically simulated, in the frequency domain as well as in the time
domain, using the turbulent excitations obtained with the
regularization process.

The frequency domain calculations consist in simple matrix
operations on the modal cross-spectra! densities. These calculations
are of the same type as those performed to obtain the synthesized
signals. The calculations performed in the time domain are somewhat
more complex. The first step consists in determining a number of time
histories from the experimentally identified excitation cross-spectral
densities, using a Monte-Carlo method (Press et al. 1992). These
excitations are then used as input data to perform time domain
dynamic calculations. Different random time responses are thus
obtained. These computational responses are then processed to
determine the corresponding cross-spectral densities, as previously
done with the measured experimental responses. The spectral density
of a typical measured response is compared in Fig. 11 with the time
and frequency domain simulations performed. The time domain
simulation reproduces the measurement error whereas the frequency
domain simulation does not. This comparison confirms the hypothesis
according to which the measurement noise principally arises from
numerical approximations in the calculation of the measured response
cross-spectral densities.

Figure 11. Interpretation of the nature of the measurement
error filtered : — typical measured response spectral density,
— time domain simulation, frequency domain simulation.

5. VALIDATION OF THE IDENTIFIED TURBULENT EXCITA-
TION

As noted in section 3, the validation process presented below is
divided into two steps. Paragraph 5.1 considers a linear configuration
which noticeably differs from the reference configuration. Paragraph
5.2 deals with a non-linear support configuration.



5.1. Validation in a linear configuration
The flow-induced dynamic response of the tube equipped with the

stiff linear support is measured at the reference flow rate. This
response is also simulated with a finite element code for dynamic
analysis, using the turbulent excitation identified in the reference
configuration as input data. The numerical and experimental results
obtained are shown in Fig. 12. Agreement between numerical
simulation and experimental observation is very satisfactory.
Calculations and measurements are, indeed, in perfect concordance in
the vicinity of the modes. The very small differences between the two
curves, emphasized by the Iogaritmic scale, are solely due to
measurement noise (see section 4.4 part 2).

_, , r

Figure 12. Validation in the stiff linear configuration :
typical measured response spectral density,
frequency domain simulation.

The marked variation in dynamic behavior due to the substitution
of linear support is shown in Fig. 13. Logarithmic scale is used in this
figure to appreciate, at low as well as at high frequencies, the quality

Frequency (Hz)

Figure 13. Variation in vibrating structure dynamic
behavior due to the linear support substitution :

typical measured response, soft linear support;
frequency domain simulation, soft linear support;

—— same measured response, stiff linear support;
frequency domain simulation, stiff linear support.

of the numerical results obtained in these two configurations from the
excitation identified in section 4.3. The good prediction of dynamic
behavior with both linear supports provides a highly satisfactory
validation of the identified turbulent excitation.

A non-linear support configuration of the tube is finally
considered. It drastically changes the dynamics of the vibrating
system used to identify the turbulent excitation. Tests and
computations are carried out and presented below. The comparison
between numerical and experimental results leads to final validation
of the inverse identification process.

5.2. Validation in a non-linear configuration
The non-linear tests are performed by replacing the linear support

with a circular loose support (see Fig. 1). The flexible tube is
subjected to flow at the reference flow rate. The impact-sliding forces
and the motion of the tube are measured using force and displacement
transducers placed on the loose support Analysis of these
measurements allows determining the statistical quantities
characteristic of the impact dynamics (number and duration of
impacts; standard deviation in impact force, sliding force and
displacement; wear work rate, etc.).

These tests once completed, the impact dynamics is numerically
simulated, using a finite element computer code for non-linear
dynamic analysis, with the turbulent excitation identified in the linear
configuration as input data. The numerical results are then processed
so as to yield the same statistical quantities as those obtained from the
experimental measurements. Table 2 compares numerical simulation
and experimental data. The experimental results are deduced from
eight tests, each lasting three seconds. The numerical simulation is
representative of one single three second test

Number of
impacts/second

Mean duration of
impact (ms)

Standard deviation in
force of impact (N)

Standard deviation in
sliding force (N)

Standard deviation in
displacement (mm)

Wear work rate
(mW)

Measurements

122+49

0,97 + 0,1

36,2 + 0,4

11,3 ±0,7

0,70 + 0,1

153 + 91

Calculations

105

1,09

39,8

14,1

0,71

207

Table 2. Numerical and experimental results obtained in
non-linear configuration.

Agreement between numerical and experimental results is extremely
satisfactory. The greatest difference between calculations and
measurements is found for the wear work rate. This discrepancy of
about 25% is nevertheless lower than the deviation observed in the
experimental results, for this quantity.



6. CONCLUSION
In order to improve damage prediction in PWR components, an

inverse method has been developed at EDF for identifying a complex
distributed random excitation, acting on a dynamic system, from the
measurement of the system response at several discrete points on the
structure only. This method, whose applications go far beyond the
flow-induced vibration field, requires no specific hypothesis
regarding the force spatial distribution.

Part 1 of the paper provides a theoretical derivation of the inverse
identification process. Although apparently simple, this process turns
out to be ill-posed and ill-conditioned, as many inverse problems. A
regularization process is then introduced.

Part 2 presented here illustrates an application of this inverse
identification process on a flow-induced vibration experiment. The
experimental set-up consists of a straight tube submitted to a complex
three-dimensional turbulent water flow. This tube, clamped at one
end, can be equipped at the other end with different supports. The
structural response measured in a linear support configuration, taken
as a reference, is first used to identify the turbulent excitation exerted
on the tube, with and without regularization process. These two
inverse estimations are compared and a physical interpretation of the
regularization effect is proposed ; the regularization process allows
filtering the measurement error contained in the measured response
and, thus, prevents its propagation and amplification.

The experimental results obtained with other supports are finally
used to validate the identified turbulent excitation, first in a linear and
then in a non-linear configuration. An excellent agreement between
numerical simulation and experimental data is observed, in both
configurations. The good prediction of the dynamic behavior of the
tube equipped with all linear and non-linear supports deduced from
the identified turbulent excitation provides a highly satisfactory
validation of the regularized inverse identication process.

Press, W. H., Teukolsky, S. A., Vetterling, W. T., Flannery, B. P.,
1992 ."Numerical Recipes", 2nd edition, Cambridge University Press.

Tikhonov, A. N., and Arsenin, V. Y., 1977, "Solutions of Ill-
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