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Lamb Wave Sensor For Viscous Fluids
Characterization

Nicolas Wilkie-Chancellier, Loic Martinez, Stéphaberfaty,Member IEEE, and Pascal Griesmar

Abstract— This paper is a study of a new sensor for fluid
characterization. This sensor is composed of a stdéss steel plate
in contact with a viscous material. The aim is to ltaracterize the
material viscosity by using reflected Lamb waves ahe boundary
interface. In order to identify the effects on theLamb reflected
modes by the viscous material, a complete study ofhe
propagation wave in the alone plate is first presded. The
propagation modes of the loaded plate are then ingéigated. By
monitoring the mechanical impedance, the viscosityof the
material in contact is extracted. In order to valicate the
experimental set-up, the mechanical impedance vatian is
measured for different water-glycerol mixtures. Reslts are in
good agreement with those obtained by other technigs in the
literature.

Index Terms— Lamb waves, Reflection, Viscosity, Viscous
fluids.

. INTRODUCTION

wide range of commercial products have a greateste
for their mechanical, electrical, optical
biocompatibility properties because of their calli
structures. These include food products (such #s yogurt,

performed to study the interaction of waves witlviscous
fluid [7]-[8]. On the other hand, measurements of the vigcosi
[9] or the viscosity-density{10]-[11] product have been
carried out using ultrasonic shear wd@]-[13]. Ultrasonic
guided waves have been used for viscosity measutenie
melt using in a alumina buffer rgd4].

Works have been led on the study of viscoelasigoamopic

materials [15]-[16]. Recently, other studies based on the

resonance of an AT cut quartz sensor have beerapedk
Indeed, the characterization of complex viscoeda#tiids is
possible using shear wave propagation in the comfbled
[17]-[18]. Therefore a complete monitoring has beeniedrr
out from liquid to gel state. This experimentaliteicue gives
information from the microscopic to the macroscopaale.
For example, restructuration of yogurt (i.e. casetwork) has
been pointed out just before gelatigt®]-[20]. Moreover,
other works have clearly shown the interest of av ne
viscoelastic time (precursor to the gelation tirdearacteristic
of sol-gel material evolutiof21].

However, for all these techniques based on bulkewav

andpropagation, the sensor has to be placed into theiesl

material. In order to deport the sensor, it seemsbé
interesting to use the properties of the surfacevewa

mayonnaise), sprays and pharmaceutical product®seTh propagation. Recently, applications have been atubiy the

products exist either in sol phase or pass thraughblloidal
state during their manufacture. The monitoring bEse
complex fluids evolution is singularly crucial dogi the first
step of their formation. Several techniques canubed to
characterize the structure evolutiph]-[2]. To monitor the
mechanical properties of these materials, low feaqy
rheometers are commonly used. They give accesshdo
complex dynamic shear modul[8-[4] during the transition.
More recently acoustic investigation have beeniedrout for
the study of the sol-gel materials evolutifs]. Due to the
frequency range used by these techniques, thesfipt of the
microscopic evolution cannot be detected. Ultrasométhods
based on the measurement of either the propagsgieed of
acoustic waves or their attenuation by ultrasop&ctroscopy
[6] can also be performed. Theoretical works hawenb

Manuscript received February 11, 2009.

N. Wilkie-Chancellier, L. Martinez, S. Serfaty afd Griesmar are with
the University of Cergy-Pontoise, ENSEA, EquipecQit Instrumentation et
Modélisation en Electronique (ECIME- EA04), F-950@ergy-Pontoise,
France. (e-mailNicolas.Wilkie-Chancellier@u-cergy)fr

mean of a microfluidic surface acoustic wave sepdatform
based on Love wave propagatiqd2]. But up to now
experimental techniques based on the Lamb waveagetjon
are not widespread in this subject. However, tffileaton of a
Lamb wave at the free edge of a straight cut phat® been
theoretically [23]-[24], numerically [25]-[26] and
Eexperimentallyf27] investigated.

The aim of this paper is to develop a sensor and an

experimental technique based on the Lamb wave ctifte
phenomena in order to characterize viscoelastienads. The
great interest of this sensor is to assume a rewisteelastic
measurement. This presented work is a preliminaugtyson
Newtonian liquid to validate the experimental devand the
associated model.

In a first time, the reflection phenomena are expentally
investigated if a Lamb mode is incident on a fred.eThe
propagation of the Lamb waves is followed usingaofaser
vibrometer. At the end of the plate, several refletnodes are
qualitatively and quantitatively determinated fram2D Fast
Fourier Transforms signal treatment.

In second step, an experimental study is carrigdabthe
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end of the plate in contact with several water-gtpt to the transducer. A Polytec He-Ne laser vibromé@FV

mixtures. Referencing to the study at the free edhge 505) coupling with a micro-positioning system scang

acoustic impedance of the viscous fluid is computgidg the interferometry the normal surface plate displacamséu,

measured reflection coefficient at the plate-migtinterface. along the propagation. For each position of theoriteter, its
Experimental results are compared with the thewakti time response is acquired using a Lecroy digitalpsc(WS

Newtonian liquid model. This model is suitable fthie 424) and stored in a computer.

characterization of viscoelastic materials.

Il. LAMB WAVE SENSORINVESTIGATION

A. Sensor Description

Lamb waves are generated using a wedge transduocar o
stainless steel plate (densjty=7800 kg/m, longitudinal and oscilloscope
transversal velocities respectively= 5850 m/s and; = 3150
m/s). This plate is 150 mm long, 30 mm wide andr@ thick
(thicknessE). Its extremity is a normal free edge (Fig.1).

Micro-positionning system for
the vibrometer

Laser

Piezo-electrical Plexiglass wedge

plate : ;
Fluid to characterize

w 3 .\

Hu e e Flg. 2.h Ex_Eenmental set-up for Lamb mode deteation (measurements
- A - - using the vibrometer).
D —— e
Stainless steel plate reflected Lamb modes

Along the last 5 cm of the plate th& displacements are
collected every 0.2 mm step. The Fig. 3 shows tegic-

Fig. 1. Description of the Lamb wave sensor. temporal signas(x,,t) of U,

The transducer is made of a 1.5 mm thick piezoeteplate 0 : — o
(25x35 mm) and a plexiglass wedge to hawk angle with the
plate The wedge is placed at=10 cm from the plate end. 20
This wedge transducer is chosen to generate ar licgab
wave front (25 mm wide) at the resonant frequencg 4o
F =1.25 MHz. The frequency-thickness prod&d is then ¢
equal to 2.5 MHz mm. At this frequency-thicknessdurct, 60
two different antisymmetric modes {Aand A) and one
symmetric mode ($ are possible. In addition with the normal &
free edge, there is no change of symmetry modetheat

Incident A; Lamb mode
20 |

timi
time (us)

Reflected Lamb modes

100 L I L I I I I I I 100

reflection. 0 1 2 3 4 5 -002 0 002
Taking into account the plexiglass properties, Wexge position x; (cm) amplitude (V)

forx=2cm
angle is chosen to 24 degrees to generate {Heathb mode -

. ; o Fig. 3. Time-space representation of the nornsgdldcement bJon the plate.
because this mode is more sensitive to the cororeraie.

For our application, this sensor is used in refig@iry.  The signal observed on the figure results from the
Then, the reflected ALamb mode can only be received. superposition of the incident wave and the refiéstave as:
B. Lamb Wave Propagation in the Plate for Free Boundary ~ U, (x.t)=U, e/ +u, el 1)

To characterize a fluid in contact at the end efhate, the whereU; andU,. are respectively the incident and reflected
understanding of the unloaded sensor behaviordisined. In ~ Wave magnitudes aridis the complex wave number.
fact, the know|edge of the reflection phenomen&giaccess Note that the reflection coefficieRcan be extract from (1)
to the interactions of surface waves with the fluid and can be written by:

characterize. To achieve this stage, the surfacee waR:$ g?ikx (2)
propagation is studied. U,
In order to study the propagation of Lamb waveghe In order to determinate the reflected waves, twirsssive

plate, the experimental set-up shown in Fig.2 iplémented. Fourier transforms (temporal and spatial) of theltsignal
Three units can be distinguished. The first oneegates the g(x,,t) are computed to obtain thé{k,FE) signal[28]. The
A; Lamb mode using our transducer design. In order {fcident and reflected Lamb waves can be observéiei dual
generate this wave, a burst signal of twenty periscapplied space, respectively fée0 andk<O in Fig. 4.
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Fig. 4. Dual space representation of the nornsgldcement on the plate.

The theoretical dispersion curves of the Lamb wahese
been reported in dashed lines on this figure. Tifferdnt

reflected modes (Aand the 4 Lamb modes) can be then

distinguished. The quantitative study is performéy

Piezo electrical i
Digital
transducer ] o

Oscilloscope

Stainless steel
plate

Thermostated cell

Pulse generator

E

Viscous fluid

=

Fig. 5. Experimental set-up for fluid charactetiaa.

The reflection coefficient induced by the wateregiol
mixture can be extrated from the reflected modenitadeU,.
Indeed, at the plate-fluid interface, the reflesticoefficient
expression is written as :
R=Yr g2iko (3)

where U, is the magnitude of the incident Aamb mode

measuring each magnitude mode and by computingggneindd is the distance from the transducer to the plate €his

balance for the given incident;ALamb mode[29]. At
FE = 2.5 MHz mm, 77% of the total energy is converieo
A, mode and 23% into A

C. A; Lamb Mode Evolution Versus Fluid Loading

If the edge of the stainless steel plate is in acinwith a
fluid, the energy balance is modified. According tioe
boundary conditions at the plate-fluid interfades teflection
coefficient magnitude depends of the fluid chanasties[30]-
[31].

In order to confirm that the Amode is significantly Where
the Lamb wavéonfiguration which is expressed as :

modified by the boundary conditions,
evolution is monitored for water and for glycerdhese fluids

magnitudeU; only depends on the magnitude of the electrical
pulse and the mechanical conditions of the cortatween the
wedge transducer and the steel plate.

Then, theU; can be experimentally deduced from the free
edge configuration (when keeping constant the @md
amplitude in both experimental studies). The Lamavev
reflection coefficient is written as :

U
o Ry

R= @)

ral

Rir is the reflection coefficient for free edge

R, <V g

(5.)

are chosen to monitor the; Anode evolution in a wide range =" U,

of absolute viscosity (respectivelyy=1.005 mPa.s and

n = 1.780 Pa.s for water and glycerol).
Table | shows the modifications of the energy bedeof the
A, reflected Lamb mode.

TABLE |
PERCENTAGE OFTHE INCIDENT ENERGY REFLECTEDINTO THE A; LAMB
MODE
.| Energy reflected into A Absolute viscosit
Loaded material Lg?/nb mode (%) (mPa.s) v
Air 23 % 18.4 10
Water 20 % 1.005
Glycerol 18 % 1780.83

These preliminary results validate that our deviem be
used to remotely characterize fluids.

Ill. VISCOUS FLUID CHARACTERIZATION

A. Experimental Set-up for Fluid Characterization

Now, the Lamb wave sensor is used to charactersmous
fluids in contact with the stainless steel platde Twedge
transducer is used in reflectometry. The plate banthen
considered as a transmission line. The experimesetalip is
shown in Fig. 5.

B. Extraction Of The Viscous Fluid Characteristics

In order to characterize the mechanical propemiteshe
fluid in contact with the steel plate, the acoustipedanceZ,
of the fluid canbe extract from (5) introducing the acoustic
impedanc&gey Of the stainless steel:

1-R
Zn=Ze 13 R (6.)

Introducing (5) in (6), the acoustic impedance e fluid
can be expressed as a function of the experimpatameters:

Zm :Zaed Ura” _ Ur Rair (7)
Urw + U R,

Taking into account that the boundary conditionsthet
plate-fluid interface generate a shear stress tbeustc
impedanceZ,, of the fluid depends on the complex shear
modulus[32]. For Newtonian liquid the acoustic impedance
Z, can be then linked to dynamic viscosityof the fluid and
the densityp of the fluid:

Z,=(i pne)® 8)
where w is the resonant angular frequency of the wedge
transducer. Then, the acoustic impedance of treowssfluid

is proportional of the square root of they product.
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IV. RESULTSAND COMPARISON
Consequently our Lamb wave sensor can accurately

measure the absolute viscosity of weakly viscousd fl
(n<7 mPa.s). This domain of validity is comparablethe
usual techniques in the literature, such as usingtipte
reflections of ultrasonic shear horizontal wave4-IB] or
using the phase shift of the reflected ultrasorieas wave
[12]. For more viscous fluids (ie 60%xXnqy < 100%), the
error increases, pointing out the limits of the coisity
x{ﬂg,y:»aoo (9)  measurement with Lamb waves. Because of the dominan
Mgy + Miater nature of the Lamb wave propagation, the determainatf the
wheremy, and myer are respectively the glycerol and watehigh bulk viscosity becomes difficult due to theghi
weight. Note that water without glycerol is writteRg,=0% dissipation of the shear wave energy in the fllicour model,

Different water-glycerol mixtures are used to vat&l our
fluid characterization device. The temperature dfluis
maintained at 25°C by a thermostated cell. At thiaperature
the well known density (in kg/L) and dynamic viscosity (in
mPa.s) are given in Table II.

In this table, the quantity of glycerol in watemisen by the
weight ratioxnqy defined as follow:

and glycerol without watefyq,=100%. N the steel plate is considered as a lossless trasigmiline. In
Water-glycerol mixtures used in this study are ieight fact, at thes depth contact layer between the stainless steel
ratio range from 0% to 100% with 10% step. plate and the mixture (Fig. 1), the effective prggting

To _exp_erimentally extra(_:t the \_/iscosity of mixturdBe o iym depends on the local interactions (suchettahility ,
acoustic impedance of fluid,, is first measured from the fluid-plate meniscus) and on the mechanical prigemf the
evolution of the reflection coefficient. The figuéeshows the i1 materials in contact Equations (3) and (¢uhinclude

; ; ; ; 0.5 )
eV(_JIut_|on 0f Zy, versus the density viscosity produgy " these interactions which strongly increase for highalues.
Thls_flgure shows that the rr!eas_urements of abselat®sity Using Table I, such a steep transition of the dyicaviscosity
are in good agreement until with the tabulated eslérom occures forxmg,> 60%. A possible way to improve the

05 _ 0.5 /: —
(on)*° =2.76 ks (i-8- Xngy=50%). __ accuracy is to take into account these propagafiects.
From Z,, measurements, the experimental density-viscosity

product is therefore computed. A comparison witke th V. CONCLUSION

0.5 H
tabulated fr7)"" values are reported in Table Il. The experimentation performed with the Ramb mode

shows that guided waves are able to detect thegehahthe
viscous fluid parameters from their reflection dimédnt. The
acoustic impedance of the viscous material is esga®@ as a
function of the reflection coefficient, and morertpaularly as
a function of the experimental parameters. The eéxatal
study with water-glycerol mixtures allows us to etetine the
absolute viscosity for weak viscous fluids. For Navian
liquids, the extracted dynamic viscosity is in gagreement
with the tabulated data for small values less thamPa.s. The
1 high dissipation of the shear wave energy in thengly
viscous fluids could explain the divergence of nueasent.
% 10 20 30 20 50 However, taking into account the complex shear rhedu
(p7)® (kg ! mei 95) the Lamb wave sensor presented in this paper slimilased
Fig. 6. Comparison of the experimental acoustipddance for water- 1O characterize the viscoelasticity of fluids. Tteshnique can

glycerol mixtures versus tabulated values (the sguare the experimental pbe then a new way to monitor the first steps of k/vgals
data points, the continuous curve is the bessfitgia logarithm function and ;

] formation.
the dashed line is the tabulated values).

=

Z, (kg/mt/s)
w

TABLE Il
TABULATED VERSUSEXPERIMENTAL (01)°® VALUES FOR WATER-GLYCEROL MIXTURES AT 25°C
Glycerol in water | Tabulatedo Tabulatedy |Tabulated 17)*° | Experimental ) | Error

Xngl (kg /L) (mPa.s) (kg / nf /%) (kg /nf/$3) (%)
0% 1.000 1.005 1.002 0.954 4.7
10 % 1.023 1.341 1.171 1.214 3.6
20 % 1.048 1.844 1.390 1.376 1.
30 % 1.073 2.683 1.697 1.745 2.8
40 % 1.100 4.093 2.122 2.199 3.6
50 % 1.127 6.762 2.761 2.676 3.1
60 % 1.155 12.474 3.796 3.369 11p
70 % 1.182 26.595 5.607 4.062 276
80 % 1.210 72.721 9.380 4.415 52.9
90 % 1.238 271.122 18.321 6.106 66)7
100 % 1.263 1780.830 47.426 7.506 84|2




Sensors-3112-2009. R1

REFERENCES

Y.D. Yan, J.H.R. Clarke, “In-situ determination gfarticle size
distributions in colloids”,Advances in Colloid and Interface Science,
vol. 29, pp. 277-318, 1989.

S.G. Bike, “Measuring colloidal forces using evareeg wave
scattering”, Current Opinion in Colloid and Interface Science, vol. 5,
pp. 144-150, 2000.

A. Ponton, S. Barboux-Doeuff C. Sanchez, “Rheolofjitanium oxide
based gels: determination of gelation time versasperature”Collod
Surface A, vol. 162, pp. 177-192, 1999.

P. Griesmar, A. Ponton, S. Serfaty, B. Senouci, ®Indre, G.
Gouedard, S. Warlus, “Kinetic study of silicon atides gelation by
acoustic and rheology investigationsJpurnal of Non-Crystalline
Solids, vol. 319, pp. 57-64, 2003.

B. Senouci, S. Serfaty, P. Griesmar and M. Gintkepustic resonance
in tetramethoxysilane matrices: A new tool to clktraze the gel
formation”, Review of Scientificlnstruments, vol. 72 (4), pp. 2134-2138,
2001.

M. Matsukawa, K. Yamada, |. Nagai, “An ultrasoni@akiation of the
sol-gel synthesis of silica glassltrasonics, vol. 34, Issue 2-5, pp.
335-338, 1996.

Z. Zhu, J. Wu, “The propagation of Lamb waves iplate bordered
with a viscous liquid”,Journal of the Acoustical Society of America,
vol. 98 (2), pp. 1057-1064, 1995.

B. Bianco, T. Tommasi, “Influence of viscosity ohet reflection
coefficient at a fluid-solid interface'Journal of the Acoustical Society
of America, vol. 98 (4), pp. 2374-2376, 1995.

V. Shah, K. Balasubramaniam, “Effect of viscosity witrasound wave
reflection from a solid/liquid interface’ltrasonics, vol. 34, pp. 817-
824, 1996.

G. Lévéque, J.Y. Ferrandis, J. Van Est and B. CAus,acoustic sensor
for simultaneous density and viscosity measureméntdiquids”,
Review of Scientific Instruments, vol. 71 (3), pp. 1433-1440, 2000.
M.S. Greenwood, J.D. Adamson and L.J. Bond, “Measent of the
viscosity-density product using multiple reflectoof ultrasonic shear
horizontal waves”Ultrasonics, vol. 44, pp. 1031-1036, 2006.

V. Shah, K. Balasubramaniam, “Mesuring Newtoniastesity from the
phase of reflected ultrasonic shear wavtdtrasonics, vol. 38, pp. 921-
927, 2000.

[13] M.S. Greenwood, J.A. Bamberger, “Measurement afosity and shear
wave velocity of a liquid or slurry for on-line press control”,
Ultrasonics, vol. 39, pp. 623-630, 2002.

V.S.K. Prasad, K. Balasubramaniam, E. Kannan arld @Geisinger,
“Viscosity measurements of melts at high tempeestwising ultrasonic
guided waves”Journal of Material Processing Technology, vol. 2007,
pp. 315-320, 2008.

Bernard Hosten, Michel Castaings, “FE modeling a@fmb mode
diffraction by defects in anisotropic viscoelasptates”, NDT & E
International, vol. 39 (3), pp. 195-204, 2006.

B. Hosten, M. Castaings, “Comments on the ultrasestimation of the
viscoelastic properties of anisotropic material€gmposites Part A:
Applied Science and Manufacturing, vol. 39 (6), pp. 1054-1058, 2008.
R.W. Cernosek, S.J. Martin, A.R. Hillman, H.L. Bayd“Comparison

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

(10]

[11]

[12]

[14]

[15]

[16]

[17]

[21] C.Ould-Ehssein, S. Serfaty, P. Griesmar, J.Y. Lérbu, L. Martinez,
E. Caplain, N. Wilkie-Chancellier, M. Gindre, G. @Gmlard and P.
Figuiere, “Kinetic study of silica gels by a newedbogical ultrasonic
investigation”,Ultrasonics, vol. 44 (1), pp. 881-885, 2006.

[22] V. Raimbault, D. Rebiere and C. Dejous, “A micradic surface

acoustic wave sensor platform Application to higliscosity

measurements”Materials Science and Engineering, vol.28, pp. 759-

764, 2008.

P.J. Torvik, “Reflection of Wave Trains in Semiilife Plates”,

Journal of the Acoustical Society of America, vol.41, pp. 346-353, 1967.

J.L. Roselltrasonic waves in solid media, Cambridge University Press,

1999, pp. 308-334.

E. LeClezio, M. V. Predoi, M. Castaings, B. Hostéh, Rousseau,

“Numerical predictions and experiments on the foege edge mode”,

Ultrasonics, vol. 41 (1), pp. 25-40, 2003.

[26] Nicolas Wilkie-Chancellier, Hugues Duflo, Alain Bhet Jean Duclos,

“Numerical description of the edge mode at the lel/extremity of a

plate”, Journal of the Acoustical Society of America, vol. 117 (1), pp.

194-199, 2005.

N. Wilkie-Chancellier, H. Duflo, A. Tinel and J. Blos, “Experimental

study and signal analysis in the Lamb wave coneersit a bevelled

edge”,Ultrasonics, vol.42, pp. 377-381, 2004.

D. Alleyne. and P. Cawley, “A two-dimensionnal Feurtransform

method for the measurement of propagating multimeégnals”,

Journal of the Acoustical Society of America, vol. 89 (3), pp. 1159-

1168, 1991.

B. Morvan, N. Wilkie-Chancellier, H. Duflo, A. Tihend J. Duclos,

“Lamb wave reflection at the free edge of a plat&@urnal of the

Acoustical Society of America, vol. 113 (3), pp. 1417-1425, 2003.

C. Aristégui, M.J.S. Lowe, P. Cawley, “Guided wavasfluid-filled

pipes surrounded by different fluiddJJtrasonics, vol. 39, pp. 367-375,

2001.

Peter B. Nagy and Adnan H. Nayfeh, “Viscosity-indd@attenuation of

longitudinal guided waves in fluid-loaded rods”, udoal of the

Acoustical Society of America, vol. 1@8), pp. 1501-1508, 1996.

[32] R.M. Christensen, Theory of viscoelasticity : an introduction,
New-York : Academic Press, 1982.

(23]
[24]

[25]

[27]

[28]

[29]

[30]

(31]

Nicolas Wilkie-Chancellier was born on July 26,
1976, in Le Havre, France. He studied physics,
acoustics and their applications at the University
Le Havre, France. He obtained the Ph.D. degree in
2003 on the topic “Reflection and conversion of a
Lamb wave at a bevelled end of a plate” in the
University of Le Havre. He continued his research
on the health monitoring applications in
aeronautics, cultural heritage and civil enginegrin
using Nonlinear Elastic Wave Spectroscopy as a
post-doctoral researcher in Katholieke Universiteguven, campus of
Kortrijk, Belgium. Assistant Professor in the Unisiy of Cergy-Pontoise
since 2004, his research activities are focuseM®@h using surface and bulk
waves, characterization of complex materials, awsdustic instrumental

of lumped-element transmissions line models fockhéess-shear-mode Systems design. He is member of the GAPSUS groupeoFrench Acoustic

quartz resonator sensordEEE Trans. UFFC, vol. 45 (5), pp. 1399-
1046, 1998.

H.L. Bandey, S.J. Martin, R.W. Cernosek, “Modellitige response of
thickness-shear-mode resonators under various rigadonditions”,
Analytical Chesmistry, vol. 71, pp. 2205-2214, 1999.

H.M. Farrell, P.H. Cooke, G. King, P.D. Hoagland,LMGroves, T.F.
Kumosinski, B. Chu, “Particles sizes of casein sigeftes and purified
k-casein — Comparisons of dynamic light scattergmgd electron
microscopy with predictive three-dimensional molacumodels”,
Macromolecular Interactions in Food technology (Washington :
American Chemical Society), vol. 650, pp.61-79, 1996.
C.Ould-Ehssein, S. Serfaty, P. Griesmar, J.Y. Lérbu, L. Martinez,
E. Caplain, N. Wilkie-Chancellier and M. Gindre, Ittdsonic
monitoring of yoghurt formation by using AT-cut qtm lighting of
casein micelles interactions process during thediféation”,
Ultrasonics, vol. 44 (1), pp. 875-879, 2006.

(18]

(19]

[20]

Society (SFA).

Loic Martinez was born in 1967 in Sainte-Adresse,
France. He obtained is PhD in Acoustics in 1998 at
the University of Le Havre on “New Surface Waves
Analysis Methods: Experimental study of A-wave
propagation on cylindrical shells”. In 1999, he
developed 3D bayesian image reconstruction
methods in MRI as a post-doctoral researcher at the
Spin Imaging Group, Technical University of Delft,
Delft, the Netherlands. Assistant professor in €erg

’ since 2000, he develops and teaches signal
processing, acoustics and 3D Gabor analysis. Heeiaber of the Acoustical
Society of America.




Sensors-3112-2009. R1

Stéphane Serfatywas born in Creil, France, (1965).
He studied applied physics and electronics at
University of Pierre & Marie Curie (PARIS VI). He
obtained a PHD degree in instrumentation for MRI at
the "Institut of fundamental Electronics" of Uniséy

of Orsay, (1996). He developed new high quality RF
sensors for nuclear magnetic resonance imaging
experiments processes. Assistant Professor sirgi® 19
at University of Cergy-Pontoise, his topics reskarc
concern the ultrasonic and electromagnetic
characterization of complex fluids. Now, he is fotbfessor and is leading a
research topic combining the development of measemé techniques of the
mechanical and electrical properties and NDT evalnaof heterogeneous
matter. He is IEEE member.

Pascal Griesmar was born in Paris in 1963. He
obtained an engineering degree from [I'Ecole
Supérieure de Chimie Organique et Minérale in 1988
and a Ph.D. degree in chemistry on the topic "Non-
linear optic properties of hybrid organic-inorganic
materials elaborated by the sol-gel process" froen t
University of Paris VI in 1992 in the Laboratoire d
chimie de la Matiere Condensée. Assistant Professor
in 1994 he becomes full Professor in 2008 in the
University of Cergy-Pontoise (France). He is a
specialist in the synthesis of hybrid organic—iraanig materials by the sol-gel
process and the follow of their visco-elastic prtips by acoustic
investigation. He is also member of the French @rafuRheology.




