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OhJECUVES Bl the Sty

AL SCIENUC GRIECHVE Rl thE SISO dEVEIORITHERrElICalTeURCalIenS and
creatinglaimathematical moedelfoithe PRIENCHIEN ORI Gl PrePACAtIGRI Ol iANSVENSE

Suace ltoyewavesinialayered VisSceelasticimedia

BL Iniuture; establishing en this Basis a new nen-destructive methed fer the

identification of rheelegical parameters (ElastCity, VISCOSItY, JENSIY) Ol VISCOEIastic

media. New methoed that USeS surface lLeve waves will be nen-destructive, rapid,

accurate and computerized without drawbacks of classical mechanical methods.

This problem has not been solved
yvet in the worldwide literature

viscoelastic layer

2 N Fig.1. Geometry of the surface Love wave

elastic substrate layered waveguide. Viscoelastic layer over
(half - space) an elastic substrate.




ImpPotaRce o therprekiem

> L2arge guanity el precessed plastcs and pelymers (milien teRs aryearn).

Ialiand Emermetniodis stllfeiten usedin the plasticindustny.

. Ilheon/ ol sensors (e and ChEmMESENSOIS).
Presented in this study: medel can serve as a mathematical moedel off SEASErS.

[0 date, there Is no mathematical moedel of sensers based on the SH waves.

. In geophysics and seismology. Exploration of natural reseurces. LLeve waves

propagating in layered geological structures coverd with a liguid (e.g., Ocean).

Lack of the theory.

. In'microelectronics (MEMS T Micro Electro Mechanical Systems).

Examination of the quality of thin layers.
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ENECIS O thENteVENVaVE aclionaling
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IFeVe WaVES are Ve dangerelsHiorBuUilcings: SheaFoiiouncations

F1g.2. lllustration of Love wave
activity.




VIEchanicalimEeas o determIning the
HEGIeQICal PIEPEIES B VISCOEIaStIC media

AL Ceuette (retatngeylinders) 1890

B Fallingrhalli (S eppler-"19382)

C. Falling sinker (e:q., necdle, cene; cylinder)
DI Coene-plate

E. Capillany/tulbe viscometer (Paiseuille)
Disadvantages:

a) Presence of moving parts

) Require special sephisticated equipment

c) Measurements are tedious and time consuming

d) Large dimensions

e) Difficult toe computerize

f)  Cannot operate Iin real-time

g) Only laboratory methods (cannot be employed on-line)



ApplicationreifBulkuliraseRIC WaVESHRIF e
determinaton e the reelogical paraieters of
VISCOEIaStICimedia

Ferrexample: Plate SH (Shear Honzental) ultrasenicWaves; Torsienal Waves;
[Camiwaves:

1. Standing Waves (resenaters)
e.d., tersionally escillating piezeelectric guartz red, vikrating fork,
vibrating cantilever (2008) - complicated setup, eptical readoud

2. Travelling waves (waveguides)
The acoustic energy Is distributed in the entire volume of resonator or;
waveguide. The contact with an investigated viscoelastic liguid takes

place on their surface.

3. Low sensitivity of sensors that use bulk ultrasonic waves.



Application e SUliace UiiiaSeRICIWAVES
(ILer, Leve anarB=G\Waves)iorthe
determinaten eiithe meelogical
Parameters ol ViIScoelastic media

A Love waves (1911), Bleustemn-Gulyaey: (B-G) waves (1968)

A The energy of SH-SAW.is concentrated in the vicinity: of
the waveguide surface. Thus the SH-SAW velocity and

attenuation strongly: depend on the houndary conditions
on the waveguide surface.

A In conseguence, the sensitivity of the viscosity sensors using SH-SAW.
(e.g., Love waves) can be several orders larger than the sensitivity: of
the sensors employing bulk shear acoustic waves.



RIOPERIES O IEGVENWAVES

A One component of the mechanical displacement. (Waves undergo dispersion).
(Frequency range from 0.001 Hz to 500 MHz)

A Transverse (shear horizontal) surface wave
does not exist iIn a homogeneous elastic half-space

1er mode (0 = 0] 22 mode (n = 1) 32 mode (n =2}

Figure 17 - Onde de Love : amplitude du déplacement en fonction
de la profondeur pour le couple silicefsilicium

F1g.3. Distribution of the mechanical Fi1g.4. Distribution of the mechanical
displacement with depth. "Q -~ "Q displacement with depth for subsequent
modes.



OIMOVIRGY PARS

OpErAteRNIEAINIME

SHet Measurngtime

HIgh SERSIUVILY,

nd elevated temperaturr;\s (Up'te0 4 0 O UcC)
6. Low power consumption
7. Small' dimensions, simple and rebust construction of the sensor
8. Paossibility of computerization

9. Output signal is electrical



Theen/ el lteve WaVeS prepagating in
\VISCOEIaStICHayered meadias
(State elitihe ant)

e preblem o lleve Wave propagatien inVvisceelastic media Is still not
selved.
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Viathematcal VIedel:
Direct Stumm=Lieuvilie Proklem

Direct Sturm=LCieuvilierRPreklemifer Leveswave propagatng i
tHeayereaVisceelasticiwaveguide ConsIStSHRdelemmining the
pPhase Veloeity and attenuation eifl-eve Wave, knewing allithe
materalparametersiefithewaveguide ierafixed fieguency:

A~

U=, Q' — complex shearmoedulus; Qe e |74/ =10SS tangent;
1.1iS a phase shift between stress and|straim; Q- .p)-) -

Q- Q Q0 - complex wave numer of the Love wave

Material parameters

viscoelastic o , " ‘
layer :

Q
\Wave velocity and attenuation

elastic
substrate

Fig.5. Love wave waveguide with a
viscoelastic surface layer.




ASSUMPLBRS

IEWWerconSIserR(ftnaamental) Nirstmes e (e KNG oiVikiation) o
ISOVEWAVES

x
Q

[TRESuUkSatens an  elastiC; ISeopIc, NOMOYENEBUS AU 1GSSIESS
meaium

There is no varation along the axis

Losses are introduces only by the presence of a viscoelastic
medium




Viathematical medel:
Differential eguations e mMetion

InVIsceelastic suface layer (-0 1)

(1)
~ ~ j
Where: U U=} esiian) pp) 2= 1 (p Q—) IS the complex bulk
shear wave Velocity i the layer
In elastic substrate (co - Q) :
(2)

V) . X T is the bulk shear wave velocity in the substrate.



Rliepagatienivave selution

IAVISCEEIaStICISUaCENaVEr: (O 5ty > i

\VIEChanical diISplacements o W O NP 1 9] ©)
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in the fermn

where: R (@ 7 0 and O are arbitrary constants

Shear stress component:
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IR elastic sulpstrate: @@

\VIEChanicalldiSplacement:

@,
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where;: @ (@ Q)7 Q — Y@ -

0 is an arbitrary constant

Shear stress component:

o Do) N 1 9] (10)




BeUREAR COREILCRS

2. Continuity ef the displacement field 0" and stress i at thelnteriace:

ol (12)
15 15 (13)

3. 0 T when @ © H



ComplexidiSpPeErSIon eguation

After substittition e EQS. (5); (9) and (6); (L0)lnterheundany, conditions (14-13);
the set ol three linear and RemMegeNeoUSs equations for Unknewn COECIENTS
0/, 0/, and o' IS ebtained.

IM['=" X3 IVIatrix

(M} I] -0 )

Necessary condition for noentrivial selution: Is that the determinant of
this matrix M equals zero.

det [M] - 0 (15)

This leads to the following complex dispersion relation:



Cemplex diISpersionreguation
Analyiical enm

OEf 090 2 A IQI o ™ (16)

In Eq.16 the quantities " o & & are complex:

! \/(0( ;0 ) oo g ;<29 =)

@ J(*Q Q) ™3I (18)

Q-  * (p Q0 Qe (19)

~

where: 0 1j0 : Q — : Q —and 6 W& (—) are real variables.



