DETAILED PROGRAMME

- 6th MCRTN Smart Structures Workshop -
15 - 16 December 2009 - Cnam Paris, France

Tuesday December 15, 2009 / Chaire de Mécanique

e 12h00 - 13h30 :Arrival, lunch and free discussion / Welcome

¢ 13h30 - 13h50 :Characterisation of anisotropic porous materials
— Christophe VAN DER KELEN, ESR fellow, KTH —

¢ 13h50 - 14h10 :A substructuring FE model for reduction of stuctural acouist prob-
lems with dissipative interfaces
— Romain RUMPLER, Cnam, Future ESR fellow at KTH —

e 14h10 - 14h30 :Influence of design parameters” changing on the performanoé a
Smart Structure. Numerical assessment and case discussion
— Daniele GHIGLIONE, ESR fellow, KUL —

e 14h30 - 14h50 :Progress in parametric model reduction
—Jan MOHRING, Scientist-in-charge, ITWM —

e 14h50 - 15h10 :Generating Parametric Models from Tabulated Frequency Dam Data
— Sanda LEFTERIU, ESR fellow, ITWM —

— 15h10 - 15h30 : Coffee break —

e 15h30 - 18h00 :Management meeting / Visit of the "Arts et Métiers Museum"

Wednesday December 16, 2009 / Amphi Fabry Pérot

e 09h00 - 0920 :Arrival, coffee and free discussion / Welcome

¢ 09h20 - 09h40 :Active Noise Control : Study of the Algorithm
— Marco GALLO, ESR fellow, LMS —

¢ 09h40 - 10h00 :ANC System Development and Algorithm Implementation in ad3an-
ger Car
— Guangrong ZOU, ESR fellow, VTT —

e 10h00 - 10h20 : Self-tuning control systems of decentralised velocitydeack
— Michele ZILLETTI, ESR fellow, ISVR —

¢ 10h20 - 10h40 :Modelling inertial actuators and cochlear micromechanics
— Stephen J. ELLIOTT, Scientist-in-charge, ISVR —

— 10h40 - 11h00 : Coffee break —
¢ 11h00 - 11h20 :Magnetic Mass Actuator (MMA)
— Kiran SAHU, ESR fellow, VTT —

¢ 11h20 - 11h40 :Dynamics of an Adaptive Vibration Absorber
— Neven ALUJEVIC, ER, LBF -

¢ 11h40 - 12h40 :Meeting of the scientists-in-charge together with the f@Ns

— 12h40 : Closing lunch —
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First day : Tuesday December 15, 2009

e 12h00 - 13h20 : Arrival, lunch and free discussion
e 13h20 - 13h30 :Welcome

¢ 13h30 - 13h50 : Characterisation of anisotropic porous materials
— Christophe VAN DER KELEN, ESR fellow, KTH —

A challenge which the automotive industry faces, is thegtesif future lightweight,
cost effective vehicle generationswith a high level of easid vibration comfort at a
low environmental impact. Smart Structures Technologydpatentially offer tremen-
dous opportunities for improving the performance, quaditgl environmental impact
of products in this and in many other industrial sectors. Gne main challenges is
to optimally integrate the layers in a design where theipeesive properties are fully
utilised.

To derive adequate simulations models that lead to the nediguch an optimised
layer construction, it is necessary to determine the ptegseof the materials to be
integrated as layers. These properties have to be knowrawglevant precision. The
work going on concentrates on porous materials, which areismtropic in elastic-
ity/ viscoelasticity/ viscoacoustic properties. New megasnent methods to determine
these properties in porous materials were developed at Mether with an inverse
estimation procedure, the measurement results are useddalek the anisotropic ma-
terial properties. In a next step these properties will begrated in an anisotropic Biot
model, to optimise an integrated layer design with porouteres.

During the presentation, it will be concluded that the psrauaterial tested are or-
thotropic, and that the measurement method is at leasttadpeaa first step towards
concluding reliability.

e 13h50 - 14h10 : A substructuring FE model for reduction of stuctural acouist prob-
lems with dissipative interfaces
— Romain RUMPLER, Cnam, Future ESR fellow at KTH —

In this work, a fixed-interface component mode synthesigied to the acoustic
part of a vibroacoustic problem including porous matertahterface. The aim is to
downsize the problem to the dimension of the interfacegddts$ to a reduced overall
number of dofs, by a transformation combining selected mbmodes of the compo-
nents restrained at interface, with the so-called "stabd@s" obtained by introducing
a mobility at the interface dofs. A displacement-pressiwe the structure and the
acoustic fluid respectively) formulation is used to desetite vibroacoustic problem,
involving a large and non-symmetric coupled problem. Fergbrous medium at inter-
face, a poroelastic model based on the Biot-Allard theounged, where fluid and solid
phase displacements are retained as primary variablesisficand poroelastic hexa-
hedric elements, structural elastic quad shell elememigliss the proposed reduction
method are implemented in the Fortran-based finite elentegrgm FEAP.

The method is tested on academic examples, and on the c®wrareinodel. A com-
parison in terms of computational time and accuracy of tkelte is then conducted,
validating the proposed CMS method. Further reduction oustlapplied to the poroe-
lastic medium itself are under investigation.
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e 14h10 - 14h30 :Influence of design parameters” changing on the performanoé a
Smart Structure. Numerical assessment and case discussion
— Daniele GHIGLIONE, ESR fellow, KUL —

Smart structures” design must take into account charatiteviariables of both the
structure and the electronic devices at the same stage tevaciin optimal config-

uration. This presentation shows, through simple caseteimgnted on a dedicated
numerical calculation tool, how the performance of a pi¢actec ASAC on the Con-

crete car responds to variation of parameters such as sem@&buator positioning,

controller’s gain and firewall thickness.

¢ 14h30 - 14h50 :Progress in parametric model reduction
—Jan MOHRING, Scientist-in-charge, ITWM —

In my presentation | will recall the need for parametric maaeuction in designing

active systems and illustrate our new approach for the LM®&@e car benchmark.
The focus will be on numerical and theoretical improvementgerning parallel com-
puting, weighting of i/o-channels due to their parametgrettelence, stability preser-
vation etc. Moreover, | will present a new benchmark - the L&8ustic aquarium -

for which FE-model and measurements are available now.

e 14h50 - 15h10 :Generating Parametric Models from Tabulated Frequency Dam Data
— Sanda LEFTERIU, ESR fellow, ITWM —

Creating parametric models which incorporate the depeseden parameters is of
great importance during the design phase of a product, whdaic variables (eg.
sound pressure level inside a car at the location of the pgese ears) needs to be op-
timized. Design parameters could relate to the geometrigeoptoduct (length, width
of the piezoelectric patch) or deal with material propear{doung’s modulus, Poisson’s
ratio). Models for many configurations of the design paramseare needed inside an
optimization loop, so making measurements to extract toessary model for each of
these parameter configuration is not feasible since it akkta long time. Thus, having
parametric models available ensures a faster design watkflo

After describing our approach, we will investigate the preation of properties of the
original system (mainly stability). Moreover, we will shdwaw doing some steps dif-
ferently gives better or worse results on some numericatteses which we analyzed.

— 15h10 - 15h30 : Coffee break —

e 15h30 - 18h00 :Management meeting / Visit of the "Arts et Métiers Museum"

¢ 18h00 : End of the day - Free programme with suggestions for the ageni
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Second day : Wednesday December 16, 2009

e 09h00 - 0920 : Arrival, coffee and free discussion / Welcome

¢ 09h20 - 09h40 :Active Noise Control : Study of the Algorithm
— Marco GALLO, ESR fellow, LMS —

Active control has been proposed as a possible solutiondiserreduction. The job
done was focused on evaluate an adaptive feed-forwardadlemton engine sound
quality ; the control strategy is based on the feed-forwdteréd LMS algorithm (Fx-
LMS), with some modifications in order to improve the conesrce rate.

Amplitude

Amplitude

o Time [s]
Freq [Hz] Freg [H Z]

(a) Evolution of error in time for different distur- (b) Evolution of error in time for different frequen-
bance frequencies for the Fx-LMS cies for the NEX-LMS

First of all the convergence speed of Fx-LMS and NEX-LMS iglgtd. As it can be
seen in Fig.(a) and Fig.(b), the NEX-LMS algorithm (Normati Equalized x- LMS)
extends the fast convergence to the whole frequency range.

Then, simulation with real car data and latency time studsewearried out, in order to
choose hardware components of the system, like the boartharmtocessor.

Right now the job is focused on programming, debugging artoniging board and
processor.

¢ 09h40 - 10h00 :ANC System Development and Algorithm Implementation in adBan-
ger Car
— Guangrong ZOU, ESR fellow, VTT —

With the widespread use of the passenger cars in peopldyslifai the requirement
to the noise environment inside the car is becoming stranerstricter. For most cars,
the engine-related periodic noise is the dominant partefriternal noise. A multiple-
channel narrowband feedforward active noise control aysisng a modified Filtered-
x Least Mean Squares (FXLMS) algorithm has been developedwatalled in a pas-
senger car to reduce the low-frequency noise components.

After a brief introduction to the set-up of the ANC systeng Higorithm development
and implementation will be presented in detail. In practilse performance of the ANC
system will be affected mainly by the accuracy of the platiheste, the convergence
speed, and also the robustness of the ANC algorithm. Dun@dtst experiments, the
practical ANC system has already been proven to some exté effective to atten-
uate the periodic noise, specifically the 2nd order engimmbaic. However, because
of the complexity of acoustic environment inside the car tedfrequency dependent
convergence behavior of the algorithm, more work need t@beded on the optimiza-
tion of plant estimate and the ANC algorithm to improve the@enance of the ANC
system in the future study.
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e 10h00 - 10h20 : Self-tuning control systems of decentralised velocitydeack
— Michele ZILLETTI, ESR fellow, ISVR —

The active control of vibration on large structures reqaimeultiple actuators and sen-
sors. The complexity of such a control system scales lige@ith the number of ac-
tuators and sensors if these are arranged in collocatesl gnadr controlled using only
local, decentralised, feedback. Although the use of suclodutar approach to ac-
tive control has several attractions, to provide good parémce they must be able to
self-tune their feedback gain to adapt to the environmesyt timd themselves in.

The presentation is focused on the realisation of an acilvation control system
using multiple local velocity feedback control loops. A gi@ approach is proposed
to automatically tune the feedback gains in such a way trefrégquency-averaged
response to broadband random excitation is reduced. Theusélg of each control
feedback loop is based on the maximisation of their powenrdles! estimated from the
velocity measured signal. The maximisation of power abeayriwvhich requires only
local measurements, provides a good approximation to themsation of the overall
kinetic energy of a structure, corresponding to its glolsponse. In the last part,
the experimental set-up of the control system implemented panel using reactive
actuators will be discussed.

¢ 10h20 - 10h40 :Modelling inertial actuators and cochlear micromechanics
— Stephen J. ELLIOTT, Scientist-in-charge, ISVR —

Some current research trends in active vibration conteldisscussed, focusing on
the use of many locally-acting modular controllers to rezdtlee global vibration in
large structures. Such modules would contain a single tmtusensor and controller,
together with a self-tuning element to adapt the contrabiethe environment it finds
itself in. If the actuator and sensor are collocated and,dbal global performance
of an array of locally acting controllers can be almost asdgas a fully centralised
controller, but without the design and communication peatd. The use of inertial
shakers as practical actuators in such systems is condjdegether with the stability
problems associated with using these devices in local tegdioops.

The action of the cochlear amplifier within the inner ear ienttdiscussed in terms
of the control of the global vibration behaviour through #eion of a large array
of locally acting feedback systems, with actuation proditg the outer hair cells in
this case. The cochlear amplifier enhances the vibrationimvthe inner ear, by 40-
50 dB, greatly improving the sensitivity and selectivityair hearing. The changes
in the basilar membrane dynamics required to amplify a waeeagating along the
cochlear are described, and the way in which these changexhieved is discussed
for various micromechanical models of the organ of Cortislseen that the kind of
lumped parameter model used to understand the action ofladek loop in the case
of an inertial actuator, used to attenuate the vibratiomiireeering structures, can be
used to describe the dynamics of the basilar membrane ueeéb&ck control, which
amplifies the vibration in the inner ear.

— 10h40 - 11h00 : Coffee break —
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¢ 11h00 - 11h20 :Magnetic Mass Actuator (MMA)
— Kiran SAHU, ESR fellow, VTT —

In VTT from quite a sometime now, research has been carrietbalevelop an elastic
mass actuator (EMA) to reduce the sound radiation by supipigshe first radiation
mode, which is the most efficient sound radiating mode in i@gdiency region. Unlike
the active damping device (ADD), which works only on resa&nEMA is working
quite well in a frequency band. In EMA, a mass plate is drivebetween two elec-
tromechanical film (EMFi) layers. Electric interaction ¢es, which have been gener-
ated by supplying electric current to the EMFi layers, aneticled in such a way that
the mass element tends to absorb vibrational energy, asddbarease the sound radi-
ation of the panel on which it is attached. However, the atugdé of movement of the
mass plate is quite low. Therefore, we were searching fomasaodution which would
improve the amplitude of vibration of the middle mass. Irststudy, a magnetic mass
actuator (MMA) has been proposed in which a permanent magmetd be driven in
between two electromagnets by changing the polarity of tipply current. By taking
a feedforward/feedback signal from the plate vibratioe, thovement amplitude of
the permanent magnet will be adjusted by adjusting the ggbpurrent. In principle,
both the electric and magnetic fields develop the Maxwedlsstitensor to develop the
interaction forces. Therefore, we expect the MMA would wexactly like the EMA
but with improve performance.

e 11h20 - 11h40 :Dynamics of an Adaptive Vibration Absorber
— Neven ALUJEVIC, ER, LBF —

The study presents the design and a theoretical analysifigiitly damped adaptive
vibration absorber. Vibration absorbers can efficientlgab vibrations at their char-
acteristic frequency. Therefore, they can be used to sapmierations generated by,
for example, reciprocating machinery such as internal agtibn engines or piston
type compressors. This is because such machines gendsedéons at discrete fre-
guencies : multiples of the machine RPM. However, as the RRIMypically vary
during the operation, the absorber characteristic frequehould be tuneable so as to
respond to the variation of the machine RPM.

In this study a low cost, beam-type vibration absorber isa®red. The absorber con-
sists of two masses symmetrically mounted at two ends of dftekeam. In the mid-
dle, the beam is attached to the vibrating machine. Thedrmgh of the beam is used to
accommodate piezoelectric strain actuators and the tweesad the end are equipped
with inertial accelerometers. This arrangement can be tesgdnerate a direct accel-
eration feedback. Such feedback control generates areamtigs effect, which in turn
shifts the absorbing frequency of the device. Three diffesensor-actuator configu-
rations were analysed theoretically, using a mobility-@d@nce approach in order to
model the passive and active characteristics of the adgaphigorber. In particular, the
stability of the feedback loops used is studied using theusstceriterion in order to
estimate the limits on the tuneable range of frequencies.aftalysis included estima-
tion of the influence of small misplacement of the piezo acisaand also the effects
due to the dynamical response of the sensors.

The study indicates that the sensors-actuator arrangersleotld be carefully consid-
ered in order to extend the range of tuneable absorbing dremes. For example, it
is shown that although unconditional stability is thearally possible for ideal place-
ment of the actuators and sensors, in practice the metritedéedback loop stability
and thus the adaptability of the device decrease due to enalhisnperfections in the
physical arrangement.
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e 11h40 - 12h40 :Meeting of the scientists-in-charge together with the fai's
Discussion on the upcoming network course (Feb 3-5, 201@parthe fellows” train-
ing programmes.

— 12h40 : Closing lunch —



