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Abstract

The aim of this paper is to investigate thesign and the integratiarf a staticforce sensobased ora resonanbulk
acoustic wavepiezoelectrictransducer Experimental reasurementof the electrical admittance spectrum show its
dependence on the applied force. We noticed that the quality of the frequency réspargigen vibration moddegrades
with the increase of the applied foroghich limits the force measuring rangeThe root cause of the resporsteess
dependence is investigated by meahthe developed analytical modahda finite element analysisThe analysis results
show that theselectedoperating vibration mode, the components of thacstireon which the piezoelectric specimen is
positionedand the boundary conditions at the contact intesfdatween all theeomponentdave a direct effect on the
electrical admittance spectrush modified structure was proposéa enhance the qualityf the frequency responséhe
experimental tests show highmeasuring rangép to1500 N).

Keywords:force sensoypiezoelectridransducerresonancevibration modeelectrical admittance spectryanalytical modeling, FEA

1 Introduction limiting the direct time constant (DTdp, 6, 7] . In

Piezoelectric materials are reversible electromechanicider to sense the static componemethods based on
convertersthey canbe found in nature as single crystafne resonantype sensomre more appropriate. This
(e.g. Quartz) or synthesized as polycrystalline that ab@sed orthe analysis of thenaterial electromechanical
poled to acquire polarization atmacroscopic level (e.g. éSponse in timelomain (ring-down) or the frequency
PZT). PZT ceramics haveexcellent piezoelectric domain (resonance meency tracking)s, 9, 10, 11].
properties, low costand can easily take any complex The resonant piezoelectric sensors aseally designed
shape[1]. Piezoelectric force sensors in the market af@ Operate abr aroundtheir resonance frequenand
based on both materigypes;they are widely used due ¢an be divided into two -types: surface acoustic wave
to their good linearity, high sensitivity, wide frequencySensors and bulk acoustic wave sensors. In thacgurf
response range and simple integrafiay8]. The sensing acoustic wave sensors (SAWjhe vibration wave

techniquescan be divided into two types: nemesonant Propagates on the surface of the mated@ 13, 14).
and resonanfFjgure 1). This sensor is based on a substrate or diaphragm placed

between two piezoelectric elements, the fose uses
Piezoelectric Sensing the inverse effect and theecond one the direct effect
The pressure applied the diaphragm (substrate) lead
to its deformation, consequently changing te

Resonant method

Non-resonant method _ propagation delay; herefore the pressure could be
(Acoustic wave sensor) .
calculated based on the propagation delay measurement.
pr——— On the other hand, in the bulk acoustic wave sensors

(BAW) the vibraton wave propagates on the
piezoelectric material volume which is often
implemented in the form o& micro electromechanical

In nonresonant piezoelectric sensirthe direct effect System (MEMSjhatisin contact with fluid.
combined with apropriate conditioning electronics (e.g. N€ targeted application of moseliatureon this subject
charge amplifier)is used [4]. While this sensing IS Pressure measuremdds, 16, 17, 18], for very low-
technique can besedfor dynamic measuremeittis not force sensingonly a few works focus on high level
suitable for static measuremedtie toleakage on the physical mechanisnid9, 20], while otherauthors focus
material tself and the added electronictherefore More on the design of the signal conditioning electronics

Figure 1: Piezoelectric force sensing techniques



that usethe resonance frequency ifshwithout any 2.1 Free vibration modes identification

attempt to analyze or explain the phenomenon observege free vibration modes of the piezoelectric specimen
on the response of the resonant transd@éeP?. The \ere analyzedthrough electrical admittance spectrum
novelty of the workpresentedin this paperis the measurment Figure 3 shows the experimental setup
utilization of a bulk ring-shapedpiezoelectricspecimen hased oran impedance analyzer (Agilent 4294a) with
(required by the application) positioned within a |ow AC voltage amplitude (¥ 0.5V)

mechanical structurto attempt to measurgaction and
compressionstatic force by meas of the resonance Laptop
operating modeFigure 2 showspart of the mechanical
structureunder consideratiorior the application The

goal is to provide guidance based on the best Impedance
understanding of th@hysical mechanismsn order to analyzer
allow optimal design of thdéransducer, which isapable Piezoelectric
of ensuring the purity of the response when applying specimen
high uniaxial static force The slient point of the
electrical admittance spectruis seleced to act asthe
direct measurement of the applied fortae feasibility
investigationof sucha transducerin this work is based

on ar_]alytlcal mOdeImg’ finite  element anaIySIS a‘nncligure 3: Experimental setupf the ekctrical admittance measurementtoé
experimental measurements. free piezoelectric specimen

Foa

Applied Figure 4 shows the existence of two vibratiorodes in
force the frequency range ofokHz-200 kHz, each of them
beingidentified by the local maximum of the admittance
spectrum modulus and the phase angle switching from
90° t0-90°. The quality factor of the first mode is around
250 andthat of the second modis around 1000lt can
also be seen thathe second mode has a higher
electromechanical coupling than the first mode which is
characterized by the distance betwede resonance
frequency and the antésonance frequencyBoth
vibration modes will be used in the stress effect analysis

) section.
Applied

force 10" i ' ‘ ‘ X 1702

[ ] Y:0.2941

Figure 2: Cross section o& part of thestudiedstructure{(1) cylindrical bar ? X450
with screw (2) ring shaped piezoelectric material, (3jindrical bar with 3 10% e ]
taped hol. g
X:189.7
10-5 i ; i . . ‘Y4633e‘-06-
2  Stress effect on the responsef the piezoelectric O ey 10 180 200
specimen 100 R

50

In this section the effect of the applied mechanical stress
on the electrical admittance of a piezoelectric specimen
is shown by means of experimental measurement. Prior ol Y -

to the analysis of the stress effect, we stavtiti the O B ey 160 180200
identification of thefree vibration modes of a riRg Figure 4: Measured lectrical aimittance spectrum of the free piezoelectric
shaped piezoelectric specimen based on PZT matefizgcimen

NCE 41 from NOI'aF (dimensions: OD 35m 1D ,15 The mechanicaldisplacement was measured using a
mmz TH 6'35 mm) in order, Iater' on, to have an idea laser Doppler vibrometer (Polytec PSW-500). The
the interaction between the specimen and the memamﬁ@zoelectric specimen was excited by applying a
structure. periodic chirp signathat consists of a superposition of
sinusoidal signals, which allows the excitation of all the
naturd frequencieswithin the desired frequency band.

0

Phase (degree)

-50F




Figure 5 shows asignificant spike in the mechanical The eigenfrequency analysis shows the presence of more
displacement that characteszeresonance frequency atthan two modes ithe frequency range of 10 kHz to 200
44.46 kHz which is in good agreement with th&Hz, which matchs the interferometry measurement
resonance &rquencyof the first vibration modebtained results. Those modeseither appear in he frequency

by the admittance measuremerithe figure alsoshows domain simulationor in the electrical admittance
the presence of multiple resonaneeodes in the measurements; this might be due to the fact that those
frequency range 10 kHz to 100 kHz00 kHz is the modes havevery low electromechanical coupling and
maximum frequency allowed by the instrumettigtare hence require very high energy in order to be detectable
not measurablevith theimpedance analyzer by the measuringnstrument.

9

107

10-10 L

Magnitude (m

10-11 L

2.2 Observationof the stress effect on the resonant
X: 4 4460404 piezoelectric structure

Y: 4.31e-10

The intent of this section is to analyze the sensitiofty
the frequency response thfe piezoelectricspecimento
the applied static force. The specimenwas positioned
between two steel basesf the Zwick/Roell Z030
compression machin@=igure 7); the utilized auxiliary
electrodes which were based on aluminum foil
(thickness = 0.1 mmyith insulated paper (thickness =

1072
0

L
2

s 1 0.1mm)on one facewere used toexcite thespecimen

4 6
Frequency (Hz) x10*

Figure 5: Measuredfrequency spectrum of the mechanical displacement a‘é’ith an AC VOItage app”eth the pOIing directior(the
function of the frequency

A finite element method based to®@MSOL Multi-
physics) was wedin order to have an @h of the shape
of the vibration modes The electrical admittance
spectrum of the free vibration piezoelectsigecimens

in agreement with the measuremehig(re 6.a). The
first modeis a radial vibration mode according to its
deformation shapewhile the second one has a more

complex

displacement.

Magnitude (S)

Phase{degree)

shape

o
[

=3

3
y

forcewasapplied in the same direction)

Compressior
machine

Steel base

with  neneglected thickness Piezoelectri
specimen

Steel bas

Figure 7 : Experimental setup for stress effect investigation

20 40

® @ 0 w0 0 10 20 Figure 8 showsthevariation of themagnitude ad phase
of the electrical admittancéor the first and second

20 40

515151515 Surface: Dis

(b)

vibration modes with  the applied force
(maximum/minimum admittance magnitude variation,
R 1 zero phase angle point shifting). Howewhe resonance
60 80 100 120 140 160 180 200 H H H B
Freauency (kHz) frequenciesremain close to those obtained in free
@ » » vibration condition

A s08x105

©

Figure 6: FE simulation results (a) admittance spectrum (b) first vibration
mode shape (c) second vibration mode shape



30 35 40 45 50 55 60 65

Frequency (kHz)

Figure 9: Resonance frequency and dqtyafactor variation for (a,bjhe first
mode and (c,d) the second mode as a function of the applied static force

An applied force higher thaB00 N leads to unusable
spectrumfor the first mode while the spectrumof the
Frequancy (kHz) second mode shows the appearance of unwanted
g =, 7~ | parasitic modes whichshow small variaions in the

g, %ﬂ magnitude and phas&he amplitude of those parasitic

£ |~ | modes increasess the stresm increase. The effect of
W0 45 S0 55 6065 the addedinsulated paper on the parasitic modes is

(@ considered insignificant in this studipe to itsthinness

100N

————500N
——— 1000N

]

3

160 165 170 175 180 185 190 195 200

—Y (0.2 mm)

—— Note that the second vibration mode has higher
Ny — rsoon electromechanical coupling than the first one, a
T e characterist that couldallow for a wide measuring
Pt rangeif the parasitic moddsadbeeneliminated.

Stresseffectroot causeinvestigation

In order to achieve an effective design of the force

Freauenay (ktiz) transducer with high sensitivity amadeasuring rangeve

(b)

Figure 8: Measured electrical admittance @) the first vibration mode and

need tounderstand the root cause tifie shift of the

(b) the second vibration mode resonance and angonance frequencies, the quality

factor variationand the parasitic modes that datg the

Figure 9.a and b show that the resonance frequengyajity of the electrical admittance spectrunFour
variaion for both modes is not linear tirespect to the assumptions areout forward regarding thephysical

applied force. fie maximum sensitivity for the first mechanismshat could impact the electrical admittance

mode is 10 Hz/N whilé remains around 4.55 Hz/fér

when the piezoelectric specimenpesitionedwithin a

the second mode; the plotted force range was reduced{®,cture and subjected to external stress

500 N due to the unusable curves for heig force
values. The quality factor drops dramatically when the
specimen is inserted within the structure (from 250 to 28
for the first mode and from 1000 to 162 for the second
mode).
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x The variation of theproperties of thepiezoelectric
materialwith respect tahe applied force

X The variation of energy loss

X The variation of théooundary condition athe contact
interface between the components of the structure due
to the surfaces roughneskhe increase of the applied
force enhances the acoustic coupling between the
piezoeleatic specimen and the rest of the structure.

X Large deformation

An analyti@l modelwasdeveloped and esl to analyze
the effect of the firstand secondassumptioa on the

i 17064 frequency responsgsing the first vibration modavyhile

0 100 200 300 400 500 0 100 200 300 400 500

Applied force (N) Applied force (N) a finite element methedased model is used to
@) (© investigate thethird and fourthassumptios using the
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3.1

second vibration mod&he simulation result (using the
nontlinear geometry regarding the last assumption
shows that within the studied force range, the structure
remains in the smialdeformationdomain and without
any effect on the electrical admittance.

Effect ofthe material parameters variation on the
frequency response

(d) The material properties of the piezoelectric material are
stressdependent eording to Q. Zhang and J. Zhao



[23]. In order toanalyzethe effect of thevariation of the SE _ ) _
compliance coefficients, the piezoelectric coefficientd/herev, = —2 is the planar Poisson's ratio.

and the electric coefficientsn the frequency responsa !

a ringshaped specimerfigure 10), alinear analytical For harmonic excitation and using the equations (2), (5)
model that provides the electrical admittance spectrurgnd (6) he equation of motion (1) can be expressed as:
for free vibration conditionvas developed.

2
CUL 10U U, o
Cr2 r Cr r2

Wherek®= s, ! €1 Vv; is the wavenumber.

Thegeneral solution of (9) is:

Where Ris the innerdiameter, Bis the outer diamet Ur =AJ kr +BY kr (10)

Figure 10: Configuration of the ringhapedspecimen Where J, and Y, are Bessel functions of the first and

The model only takes into account the radialsecond kind respectively.
axisymmetric  vibration modes. The followingFrom the boundary conditionse have[25]:

assumptions wenmade L |f=%n =0, L |r:Rout =0, /VF% =V, 4’; h 0

2

xVery small thicknesgthe out plane vibration and the . _
two in-plane vibration are decoupled) Using the boundary conditiongquations (5) and (10)

«The rectilinear element normal to the middle surfad§d usl to Idgtermlnt? the constanA and B of the
remains perpendicular after deformatie, =e,=0 general solution ofq):

xShear stresses are neglected A= 22dy vp+1 kR Vv, Y KR, Vv, . 5kRy 1)
xThe normal stress L, is very small and can be .y kr +. skrR, . 5kR, R,V @R
neglected 1,,=0
The equations of the radial motion in cylindrica . ; kR +. ( kR, . ukR, R,V @R
coordinates and the stramechanical displacement
relations in cylindrical coordinates are given[By]: Where:
c1 1 cu P = 3; kR, Vng KRyt 231 KRy vpY1 KRy
T — r
Cr +? 1=t Ct? @ +. v KRy Vle KRyt +J1 KR, Yp KRy
e, = % e =Y @) - o KRy Y KRy J1 KRy V;23Y1 kR
r ' 2‘]1 kR)ut Vle kRn 0 kR)ut Vle kRn (13)
The piezoelectric material used in this study is polarize J; KRy Y1 KR, + o KRy Y1 KR,
across the thickness; consequerttlg charge equation + ; kR, v,Yo kR, 1 kR, Yo kRyy
(Maxwell-Gauss equation) dn the electric field - 2
electrical potential equations are given by: t o KR Yo KR+ 1 KR VYo KRy
CDZ _ _ C3 + 1 kR)ut Y0 kRn . 2‘JO kR)ut YO kRn
=0 , E,=— (3)
Cz Cz .
With
The piezoelectric constitive equations are as follows K -
P 1 g .—& and =kRy
b et o ) !
Slll Vp S 1 Vp . .
The electrical current can be expressed as:
1 :;Ven'*'e LE (6) 1=i&3B,ds (14)
snl V) P sul v, z
2 Bout
D,=dyy h+1 + AF, M g3t FU U B o gy
&1l v, &r ri h 7Ty

O Rin



Model

Measurement

2
Where kp = ﬁ
S11 Vp

The electrical admittance is then given by: e e o0 1o ko o 1eo 300
Frequency (kHz)

Modulus (S)

P C 100 — ]
Y-.&—%Rout a+v, K242 11 2, (15) T s ’T‘
Pl 1 ‘0621 Measurement
: '
And £

-100
100 120 140

Frequency (kHz)
Figure 11: Measured and simulated electrical admittance spectrum as a

P= >-2~]1 kRn VpY1 KRyt J1 KRy VY1 KRyt

_2J1 kR, Y; KRyt +J1 kR, Y1 kRt function of the frequency
.0 kR)ut Y kR)ut -0 kRn Yy kR)ut Table 1. The parameters of the piezoelectric material.
2 Manufacture Identification
Jy KRyt VPY KR, +J; K v, Y; kK
1 KRyt VPY kR, 1 KRyt VpY1 KRy (16) e maN 13 @5%) 1256
+ '2J1 kRt Y1 KRy J1 KRy Y1 KR, Fol1e™?m2IN] NC -4,43
2 2 ds1 [1€¥? CIN] -130 (5%) -132,12
. kR, Y1 kKR, + . kR, Y; k 3t
o KRout Y1 KRy , o KRn Y1 KRy | [162 Kgm] 7.9 (45%)  7.85
1 KRyt Yo KRyt + .7 1 KRy Yo KRy ko [-] 057(5%) 0,599

+. 1 kR Y% kR .2 1kR, Y, k
K Yo KR 1K Yo K The result of the identification ishown inFigure 11

From (15), the frequencies that Correspond to tl’%‘]d the oldined parameters are listed imble 1.The
maximum and minimum of the modulus can béimUIation resultshowsthe existence of two vibration

determined from the equations: modes as obsergdn the measuremerdand referring to
the model assumptignthese modes are axisymmetric

P=0 (17)  Oncethe analytical modelwas validated we used it to
analyze the effect of the variation of different material
And parameteron the electrical admittance spectrufrhe
) s ) variations of thematerial propertiesvere based on the
v kRt kp 11 .7R=0 (18) data in the papdry Q. Zhang and J. Zhd@3] assuming

The f £ th . dmi _ hat theparameterdiave the same linear variation with
e frequency of thenaximum admittance Is expresse espect to the applied force ((.g equatiorf20) for the

as: compliancecoefficien).
f= ZLI@/T:LZ (19) S = S_ILEl_O(1+ 10°F) (20)
: V
! P Where SlEl_O is the compliance coefficient at zero applfecce.

The initial values of the material properties werdhe simulation results irFigure 12 show that the
obtained from the material manufactlig] V. G D Wid resAnange frequency and the aesonance frequency
real material properties of owpecimenwere obtained are highly sensitive to the variation of the compliance
by correlatingthe admittace spectrum obtained by thecoefficientst; , and less sensitive to the other properties.
model with the measuremenby using a logarithmic

leastsquared error algorithm



si=5Sn 0(1-10.1CF); s5, 1256.18°[m2/N]  (21)
—sh dy;=dg o(1-5.10°F); d3y o, 1321210 **[C/N] (22)
Keee= HKec o+ 15.10°F); Koo o 8010°[ (23)

Resonance frequency (kHz)

aaas According tothe numericalresultsshownin Figure 14
the observed effect of the applied stress on the electrical
I — admittance spectrum is due to a combination of the
e m e w variation of the piezoetgric materialfl properties and of
@ the increase of mechanical loss&se losses could be

due to mechanical friction at the contact interfaces
between the components of the structure tbe
propagation of the acoustic wave through the
componentsIn our analytical modelall the potential
mechanical losses of the structureraveeduced to the
piezoelectric material.
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Figure 12: The effect of the material properties variation on the (a) resonance 30 35 40 45 50 55 60 65
frequency and (b) antesonance frequency of the first mode as a function of Frequency (kHz)
the applied force 100

The ®condpoint we invetigated isthe effect of both
dielectric and mecharatlosses byntroducingcomplex o
permittivity anda compliance coefficiengelastic losses) 100 ‘ . . . ‘ ‘
to the model The simulation results show thhte effect T et

of the dielectric losses is observed omly the ant-  Figyre 14 Effect of the compliance coefficient and mechanical losses
resonance frequenchipwever theelasticlosses modify variation on the electrical admittance spectrum

the admittancespectrumat both the resonance and the _ N
antiresonance frequenciéSigure 13). 3.2 Effect of themechanicaboundaryconditionson

the frequencyesponse

20+ ———200N| 1
500N | |

60 \ —on |4
‘ —— 50N
20 —— 100N

Phase (degree)

% In this section we investigate the contribution of the
E| mechanical boundary conditions on the variation of the
§ electrical admittance spectrum usiagfinite element
= ‘ - - based software(Comsol Multiphysics) This was
” Y ey (e i achieved by taking into account theeffect of the
o0 : : — et structure around the piezoelectric materigince the
$ sof 1 structure is composedof different layers made of
% 0 different materialspart of the acoustic wave generated
n:“:-f 501 1 by the piezoelectric specimen will be reflecthak to the
100 n - p o discontinuity of theacoustic impedance at the contact
Frequency (kHz) interfacesFirst we analyzed the effect of the steel bases

Figure 13: Electrical admittance ggtrum obtained for different values of the
elasticloss factor

(Height=100 mm, side length=60mrmoj the electrical
admittance spectrum assuming a perfect coupling (the
The combination of a linear variation t¢ifie material continuity of the displacement field at the contact
compliance coefficient (10%/kN), the piezoelectric interface is ensured) between the piezoelectric specimen
coefficient (5%/kN) and theelasticlosses(1500%/kN) and the steel base&igure 15). The second vibration
allows the replication othe effect of the applied force modewas used in this studyfor its potential higiforce

on the frequency spectrum for the first vibration modeeasuring range

with thefollowing set of equations:
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Figure 15: Analyzed mechanical structure with the piezoelectric specimen

(the steel bases height is equal to100 mm) -100 . . . . : . . .
165 170 175 180 185 190 195 200 205 210

Frequency (kHz)
Figure 16 clearly showsthat theboundary condition at Figure 17: Electric admittance spectrum of the piezoelectric specimen with
the interface between the piezoelectric specimen and {ffé and fixed boundary conditions at the steel bases ends
steel bases haan important effet on the electrical
admittance This alsohighlights the fact that a high

The simulation results iRigure 17 show that themodel

. . ) ) .___is able to reproduce the parasitic vibration modes, their
constraired displacement of the piezoelectric specime . ) .
) . requencies and magnitudes depegdn the boundary
degrads the purity of the admittance spectrutinrough .
. o condition at the ends of the steel badedact, the real
the development of multiple unwanted vibration modes I :
) . A oundary conditions are unknown arade situated
despite the disappearance of the main vibration mode ) . .
. . . o etween freemovingand fixed According to the model
Therefore, in sensor application there is no inteest
ensuring a perfect coupling between the piezdetec

assumptions,the components in contact with the
specimen and the structure in whitkvill be positioned. piezoelectric - specimen  are responsibiier the

appearance of these modeJo investigate te

MR T T T ] assumptionthat the variation of thecontact interfaces
between the components of the structure writhapplied
stressare due to the surfaces roughnesg variedthe

equivalent stiffnesg. at the contact interfaces

wo s 1w Frel,éfm,,‘%fm w0 25 20 It can clearly be seenin Figure 18 that the contact
interface with the presence of the auxiliary electrodes
could contribute to the shift of the resonance and the
antiresonance frequencies to higher values and the
increase of the parasitic vibration modes. Furthermore,

e the model shows that the materiadathe geometry of
Frequency (kHz) the components of the structure play a key role in the

Figure 16: Electric admittancespectrumof the piezoelectric specimen with effect of the contact interfaces.

thecontinuity of displacement boundary condition.
: I ‘ : : I : i kE‘!
102 —_—y| 1

therefore, the continuity othe displacement boundary "l /
condition at the contact interface in the model is not to I _——
. 165 170 175 180 185 190 195 200 205 210
be considered. In order to approach the real boundary Frequency (kHz)
condition at the contact interface thin elastic layer ———
with an equivalent stiffnessvas added between the
piezoelectric specimen and the structure to molel t
usedauxiliary eletrodeswith the insulation papesnder )

-100

the assumption of not sliding contact 5 10 75 180 185 10 195 20 205 210
Frequency (kHz)

Magnitude (S)
3

0.0005
165

Phase(degree)

In the actualexperimentalstructure, the piezoelectric
materialwas not gluedr solderedonto thesteel bases

Magnitude (S)

Phase(degree)

Figure 18: Effect of the equivalent stiffness on the electrical admittance
spectrumKez ' Kgo kg

Figure 19 shows the simulation resulfer two tests,
first with anothematerial for the bases (Aluminum) and



secondwith cylindrical baseqradius= 60mm)

Rectangular parallslepiped-Steel
Rectangular parallelepiped-Aluminium

w“f == |
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Frequency (kHz) Figure 20: Effect of the soft materialayer on the electrical admittance

Figure 19: Electric admittancespectrum of the piezoelectric specimen withspectrum
different shape and material of the bases

Phase(degree)
=

In the first test, he piezoelectric specimen was
Based onthis analysis,we can conclude that thesandwicled between two layersf 2 mm thick rubber
electrical admittance spectrurof the piezoelectric The measured electrical admittance spectrum of the
specimenclearly depends on: theomponents of the second vibration mode iffigure 21.a shows that the

structure(the geometry and the materjaand the contact parasitic modes aneduced;however the sensitivity of
interface between thenThese are the key elements tqhe sensor was degraded.

take into consideration in order to enhance the quality of
the spectrum.

4  Enhancement of the resonant piezoelectric
structure

The goal of this section is to instigatea solutionin

order to minimize the parasitic vibration modes that

degrade the quality of the main vibration mdgasducihg

the forcemeasuring range According to theresultsof

the analysisin the previous section, to minimize the

parasitic vibation modesthe piezoelectricspecimen

should not be highly constrained at the contact intesface @)
and should be decoupled from the rest of the structure in

order notto excite the natural vibration modes of the

structurethrough the propagation of the acoustic wave

The proposedsolution is to introduce a layenade of

soft material(characterized by low Young modulul

The simulation resultsiFigure 20 showthatthe added

soft material significantly reduces tb parasitic modes

and that the resonance frequency approaches the

resonance seen free vibration conditionBased on the

simulation results we setup an experimental test to verify

the effectiveness of the soft materialsed layer. We (b)
tested two materials: rubber aRglytetrafluoroethylene f0ure 2E (&) Vessured secrical sqmitarce specim for the second
(PTFE). The tested thicknesof the materials were frequency shift

selectedbased on their immediate availability in our
laboratory. In the second test, two layers ®immthick PTFE were

used. The measured eleical admittance spectrum in
Figure 22.a shows that the parasitic modes are
eliminated allowing ameasuring rangeip to 1500 N
with maximal sensitivity of 1.9 Hz/N. The quality factor
seems to decrease drastically @omparison to the
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response of the PTHEss structure; this could beconditionat the contact interfadepact considerablthe
explained by high mechanical losses on the PTFE layetectrical admittance spectrunA solution was then

The results show that the soft material layristbe well

proposed to enhanceettperformance of the transducer

designed toa achieve good performance of theby adding a soft materialayer (based on PTFE

transducer.

material) Good results were obtained in terms of the
increase of

the force measuring range Further

experimentband modeling work i®ngoingto achieve a
robust transducdrased orthe Bragg reflector technique
that will be capable ofdecoupling the piezoelectric
specimenfrom the rest of the structure witminimum
elastic losses
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