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Abstract. The piezoelectric materials is a class of dieliecstructures that exhibit deformation materialrgsponse to
application of an electric charge and emit dietectharge in response to mechanical deformatiomaterial. These
materials can be used important components of aatontrol in determination of strain or deformatigim effect

sensor) as well as structural mode in action coltgra(in effect actuator). They are widely usedsiystem control in
detection and suppression of vibration. They haseful advantages to the piezoelectric elementsbiration control

and in audible noise control, because he uses mimirapace of structure. The variation of strain terne the piezo
ceramic in action of a constant load is less th&#olfor temperatures up to 120 °© C. Naturally tRZTs it had good
stiffness and when glued in the structure incorpesahe resistance of structure, resulting in anedient conversion
of electrical energy in mechanical energy. Piezagec materials although it has advantageous in ynapplications
even have molding difficulties incomplex shapes ytue fragility and brittle. One option is the usé PVDF film

which having the consistency of a plastic sheet@ardbe affixed virtually in any geometry, it haghthsensitivity and
accuracy measurements and thus it can be usesnasrse This work aims theoretical and experimestatly to the
characteristics of PZT and PVDF films acting asss®es and actuators in mechanical vibrations. Wituryuse in
vibration control and the consequences in the stmac
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1. INTRODUCTION

Among many problems that afflict human society dldible noise is the main factor to be controllad eeduced.
The undesired sound known is produced by toolsg@meral machines which can be produced in sevevaomments.
The control can be realized by innumerous engingegchniques from the passive features or acteans. However
this choice depends to the requirement and effigigachnique required. It is discusses differemesented by each
technique available pointing advantages and dis#dgas. In nowhere days there is an increase thly sif active
noise technique and this process has shown aasatisf development. The researches in environmesdeanic or
private intensify new concepts, practical and uBbe theoretical understand to the variables magcaftheir
performance.

The purpose of this work is makes a comparativerthieal study to the acoustic field inside thetducough to
experimental measurements. Using active controllerto employ in reducing of audible noise genetate the
structure of ducts.

2. STATE OF ART

Piezoelectric materials is a class of dielectniocttures that exhibit a material deformation irpasse to application
of electric field and produce a charge in respdnsthe mechanical deformation in material. Thes¢enss can be
used as important components of active control dterchination of strain or deformation (effect sajsor in action
controller (effect actuator) in structures. Thewédavidely used in control systems by detection angpression of
vibration.

One of the advantages of piezoelectric elemerttseisise in vibration control and control of audibtése obtained
for (Melo, 2004) as well as the location of struatuanalyzed. The variation in the piezoelectriaisttensor for piezo
ceramic materials under the action of constant ledess than 12% in temperatures up to 120° Ghdparto the nature
of ceramics to the PZTs has a good rigidity andstasce when bonded to the base of structure wigistlts in an
excellent conversion of electrical energy into nadbal. Piezo ceramic materials although it hasaathgeous in
many applications would have difficulties in moldneplex shapes due to their fragility and brittleneCoption is the
use of PVDF film, which has consistency of plastieet and can be affixed to any geometry, highiteatys and
accuracy in measurements and thus used as sefisisswork studied the characteristics of PZT andDPMilms
acting as sensors and actuators in mechanicaltiabsa
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3. ACTIVE CONTROL OF SIGNAL
Basically consists in take the sound wave at pioinhe atmosphere and then amplifies and delayedogpate in

injecting into an actuator which will to generats@ind wave in order to cancel the noise envirompanshown in
Fig. 1.
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Figure 1 - Mechanism used in typical active systemtrol

The basic idea of this technique is due the physibaracteristics inherent to the sound waves, aherify
mechanisms to the addition or subtraction of sounmdsbrations. As well as the fact to the eleatisignals propagate
at higher speed much as to the speed of sound.

This technique requires a substantial understantimgnechanisms of propagation and their variateund that
may have great influences on the desired finatiefficy. As concluded by (Alli and Singh, 2000) thadressed the
difficulty of establishing numerically the polesdazeros in to the models and those mathematicalessgjpns in
formulation to the sound wave equation. Alreadyi@ad Lin, 1997) compared, three control mechaniapied in
active cancellation of sound in ducts, such asfekdforward control, feedback control and hybmatcol. The use of
robust control techniques obtaining results in geohperformance, stability and robustness. Acewydo the author's
the choice of the techniques guided and is clasetize level of knowledge the variables that inflce the performance
and stability where not always easy to read anerstadnd. Now (Cazzolato, 1999) investigated thivectoise control
in closed structures where there is structural bogplt was examined alternatives to the converglanicrophone and
accelerometer. And the study it was made by SidisEnergy Analysis. And (Badawy, 2000) demonsilathat the
attenuation of sound is directly proportional tee tlkength, thickness and porosity of the medium andrsely
proportional to the resistivity and area of duct.

However, the active control technique offers somteaatages and disadvantages second already knoeme&;
1992); where one can mention that the most signifiare:

As advantages we have:

 High attenuation at low frequencies, where ott@mtrol systems, such as resistive or reactivexasles are not
effective.

* The size of the device is greatly reduced.

» They are easy to install, requiring no large jpdsisspaces.

» The system has a stable behavior when it comeslitaration.

» Eases may stand at around 50 dB at discretednmigs and around 30 dB in sound field broadbaeglncy.

Among the studies that demonstrate the advantagkeotontrol a material has been produced by (Seread
Elliott, 2000) which show that the sound contradpally reduces with increase of frequency.

As a disadvantage we have:

« Commitment of the experimental results due toitifleence of beeps undesirable compared with wbi#ained
from mathematical model.

» The microphone and speaker to capture field geioer must have inverted flat response at low feegies,
which is not easy.

» Because the radiate acoustic speaker both isdhece direction as in the opposite direction, gaieg a sound
field that can contaminate the microphone signal.
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* The reflections can generate standing wavesdiegating problems for the feedback.
* The need for a adaptive data processing systere $ne signal received varies with the speed.

Already in (Steel and Bernhard, 1993) illustrate timitations of active control of sound and viliwatin most
effective in propagation of small regions. Conteatiply one of the disadvantages mentioned some stk starkly in
to the use of adaptive algorithms like LMS (Leastal Squares) in prediction of attenuation or intraritself. In the
(Park, 1997) were able attenuations periodic distices using LMS algorithm also evidenced by (Kand Kim,
1997) and (Wang and Ren, 1999). And (Sohn with [28£)0) conducted studies about a controller separtite
possible tonal components in sound signal creaimgnti-noise to a specific signal noise, evenkam (and Kim,
1994) describe a control system which suppresagsdsaaves whose modes are strongly influenced imgwlaptive
systems as tools. In general, there are three bgses of active controls which are named in adogrdo given the
capture of reference signal, by: control of feedfand, the feedback control and hybrid control.

3.1 Variables Influencing the Voltage Electric Generatd in the Piezo Structure

It is presented here the mathematical equatiomautated by (Niekerk et al., 1995) that indicatesolhvariables
influence to the stresses generated in structurplaie and structure of PZT. The author mentiors for two-
dimensional actuators not clamped and polarizetierz direction, the induced voltage can be writtera function of
applied voltage.

Ape = (dSl/hpe) wa (1)

Where:
V,— Tension applied (V)
ds; - Constant piezoelectric of tension.
hee - Thickness of the piezoelectric material in thdirection (m).

A, - Tension induced
The radius curvature of symmetrical bending in pireular plate of transverse displacement w(given by:

1 0w 1_ 1low )
R, o®” ' R, ror
Where:

R; is the curvature in r-Z plane (m)
R, is the curvature in the plane perpendicular (m).

The distribution of tension which is linear throuthie thickness of the plate is given by:

s_j,,ﬂzi, (3)
Re

In the interface between piezoelectric element atate is placed the tension as a functioe/bandeg” with z = h,
may be given by:

Ephp
2
1—vp

0'w v, ow

(ar2 roor

o == ) @)
Where:

E, - is the Young's modulus of plate (Nm

Vv, - Poisson ratio of plate.

Hp, - Thickness of plate (m).

For piezoelectric elements the voltage obtainedltieg of stresses superposition to the bendinglate and the
induced voltage applied the electric voltage.
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Erpe:—Epehp _a W+ﬁa_W_%) (5)
1-vi, or* r ar h

p

Where:
Epe - is the Young's modulus of the piezoelectric miat¢N/m?).
Ve - is the Poisson's ratio of the piezoelectric malkg¢dimensionless).

3.2 Control with the use of PVDF and PZT plates

The researches grouped here emphasize the appliGatid use of piezoelectric plates in active vibratontrol
with consequences reduces in audible noise.

The work presented by (Silva, 1998) conducted artftcal and experimental study using the technigfuactive
control vibration in flexible structures with piedectric actuators. The frame under analysis ctewi®f two
rectangular plates of aluminum crimped and sepdrayethe distance of 1.5 mm. The technique intertdemttenuate
vibration and therefore noise generated in secdate$ with disturbance occurring in the first plafhis study
incorporates a piezoelectric sensor which to geedtze reference signal in feedforward controlieeding a piezo
actuator bonded on the second structure. A feedlwacitrol is employed in order to improve to the teys
performance. In the realization of controllers ased analog electronic circuits in adjust to gaid @hase. The
technique control simulated the transfer functiohsechanical system resulting in numerical idécdiion of system
parameters on experimental data.

The results of attenuation at around 34 and 18rdBtate steady respectively to the first and secoondes of
vibration. By transient analyzes with attenuatiofesel to 22-12 dB. The first mode is near to 16i0and 1720 Hz to
second mode

And (Zhou et al., 2000) studied reduction of disaances varying the thickness of plates with layenssors and
actuators. Already (Fuller and Maillard, 1999) makstudies analytical and experimental obtainedute of active
noise control in cylindrical structures.

A study conducted (Niekerk et al., 1995) concemsdund transmission through an aluminum plateleat duct.
The duct generated a field of wave propagation cieduto one-dimensional acoustic system. The autlsad a
loudspeaker as a source of excitation system gemkesine waves. The sound wave is propagated m@dr ito the
aluminum plate turning the vibration. He is presahe mathematical formulation to the voltage iretlim the material
varying in amount directly proportional to the \agt applied. The experimental control was demaiestravhen
subjected to a sinusoidal disturbance steady-stafieequency of 1 kHz to achieve a substantial otidn of 20 dB.
Above 1200 Hz was not noticed attenuation of squmassure level, one reason was due to a decreasevel in the
gain of controller. Below 200 Hz the attenuationswet observed, in this case, due to the high gaiorded on the
controller and the influence of external signalssent in the experiment.

With (Cheng and Tang, 1998) at shown the experiataneasurements of effective use to active noisgrabin
ducts using a commercial digital device in captmd generation of anti-noise used later in corgrolWere employed
high speakers as source of control. It is showoutn charts that attenuation is affected by thetipasof the error
microphone and is significant when using a micragghpositioned on the center line of the duct. lnftequency range
that includes the first two vibration modes of Hystem until 387 Hz. This author manager a attéowaround 30 dB.
In according to the author there is a contaminatibfeedback signal due to cross modes and attenuabserved is
greatly reduced.

A study on the use of piezoelectric actuators desidoy (Strassberger and Waller, 2000) providecgperimental
to the noise reduction occurred in aluminum plat¢his study various sensors are fixed to obtafecéife control of
noise. The development of active noise control iregua numerical model of structure vibration beting use of finite
element models to aid the experiments. The reswdte obtained in frequency range 0-650 Hz geneyatibration
reduction in order to 15 dB.

3.3 PVDF piezoelectricity

In according (Jivago, 2008) the piezoelectric mategenerates a potential difference “V”, subjected a
mechanical force. The appearance of potential rdiffee caused by application of mechanical forggiézoelectricity
and the dielectric material called the piezoelec#ifect. The discovery of this effect on poly Jidgne fluoride -
PVDF was made by (Kawai, 1969). The electric pak#ion is directly proportional to the voltage apgl

The greatness measures this electrical propecailisd the coefficient piezoelectrid™ and is defined by:

q,=| 8 ©)
’ 90, ET -
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In the which P” represents the polarization, aril’ “the electric field induced by mechanical tension,
“¢" and T” is temperature of material.
The subscripts andj in Eqg. (6) refers to direction of the mechanidahis in according (Jivago, 2008) and “d”
coefficient tensor and consequently also have émeesdirection. For the case of the PVDF matrix ficiehts of “d”
the result is nonzero.

3 (direction of electrical
propagation, P)

1 (mechanical tension
diretion applied in axis X)
2 ( mechanical tension in
perpendicular axis)

Figure 2. Convention adopted for the subsciitsdj present in the index of the coefficient piezoegleanaterial

Table 1 presents some of main physical propertiagious materials compared with PVDF (density, telative
permittivity (g,"), piezoelectric coefficient ¢g, pyroelectric coefficient @) and coefficient of electromechanical

coupling K)).

Table 1. The main physical properties of some fdewtric materials

Material . = o P k
(g.cm3) (1kHz) (PC.N) {mC.mZK-) (%)
PVDF 176 8-13 20 40 6
P(VDF-T1FE) 19 15-20 15-30 30-40 20
Nylon 11 1.1 4 3 3 ___
PZT-5 775 700 17 60-500 34
BaTiO; 57 1700 78 200 21
Quartzo 2.86 45 2 L 9

4. CONFIGURATION OF THE DUCTS

The ducts were built in galvanized steel platesiwhe thickness of 1 mm. The metallic structurethefducts with
glued piezoelectric material were used as a sowwo&ol of the sound field, tuned to a predetermifrequency. The
settings and dimensions of the ducts are similéinegrototypes used in the numerical simulatiersteown in Fig. 3.

PZT glued in material
(Piezo and PVDF)

Figure 3: Perspective view of the duct with itsighle section.
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In all experiments were used a loudspeaker asm@ead primary excitation. It was used one generat@ure tone
that emitted a harmonic signal in a predetermimeduency of 300 Hz, a resonance frequency of tligfype. It was
needed an amplification to the signal injected thipiezoelectric material, glued in the metatgla

The captured signal was amplified, delayed adidisted to the electronic circuit. Then, it wagegi a gain in the
amplifier to be used in the control actuator. Theasurement of the noise level in the duct was zedliwith a
microphone while a secondary source was turned euroed off. The primary source was always turaediuring the
measurement, generating a noise level around 100 dB

It was used the decibel meter to monitoringrtbise level as well as a data acquisition boargleal to a computer
with Fast Fourier Transform (FFT), to obtain theresponding signal in the frequency domain of thptered sound
waves.

5. ACOUSTIC FIELD INSIDE THE DUCT

The Active Noise Control is done by producing acediing anti-noise signal which has the same amnbitbut an
opposite phase with the undesired signal (noisefivé& Noise Control can be based on feedforwardrobor feedback
control. In the feedforward control the referencése input is captured before it propagates ts#dmndary source. In
the feedback control the control system tries tacehthe noise without the benefits of a refereinpait. The hybrid
control combines the techniques feedback and fewdfd together in same electronic circuit.

For measuring the sound pressure in the blariection duct it was used the equipment arrangtte connection
to the block configuration as seen in Fig. 4. Tigaa of the function generator feeds the speakéne end.

High|speaker
<
i Agtuator
ﬁ
Sensor Power -
Amplifier
= g‘ .
< Signal
Function

Figure 4: Assembly showing the placement of speak@&rophones and material piezoelectric in duct.
6. HYBRID CONTROL

The hybrid control was used in reducing of acihose circuits were developed by Silva et al98)9The reception
of reference sound was performed by the feedfonaadifeedback process and the sum of the signadespmnds to
the hybrid control, as shown in Fig. 5.

The signals received were adjusted in indepandiecuits. The first adjustment was made by using reference
signal in the feed forward method, monitoring thepéitude and angle phase in order to obtain a grestenuation of
sound. Once kept the adjustment to the feedforwarrol, it was set the adjustment of the feedbeaitroller,
varying the amplitude and angle phase, to achiesertost appropriate attenuation. The result ofadignm is injected
in the actuator control, measuring the sound predswel at the point 1 and 2, as shown in Fig. 6.

Figure 5: Schematic drawing of transverse sectian,dising a hybrid controller.
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7. RESULTS TO THE USE OF PZT APPLIED IN VARIABLE DUCT

The ducts and models studied yours characteristiostural and dimensional has been detailed ingM2004) in
other study specific to the tube, sensor and amtuatd that would be presented in the many congiidss complete
discretization and explaining to the system isdatigtailed to the sensors, the actuators and ppetet

The Active Noise Control is done by producing acediing anti-noise signal which has the same amnditbut an
opposite phase with the undesired signal (noisefivé Noise Control can be based on feedforwardrobor feedback
control. In the feedforward control the referencése input is captured before it propagates tesdwm®ndary source. In
the feedback control the control system tries taceathe noise without the benefits of a refereingpait. The hybrid
control combines the two techniques described. & have values to the behavior of the acoustic tidmdevels using
PZT plates. The values were obtained and measyr#fiehusing the decibel weighted scale "A" in tléngs 1 and 2 of
duct as shown in Fig. 6. The measurements of vamigin the sound are shown with and without the afsthe control
system.

A B

point 1 %
/ EaN I point 2
source of excitation ﬂ EEN
sensor E

sensor

Figure 6. Points of measurements and excitatiotiserduct.

For this research already has a number expressivesalts experimental and numerical simulatiormgsihe
material PZT in element control which remains tgargling the use of PVDF in the same structure studind your
result is beginning satisfactory. Results wereaimlgtd regarding acoustic attenuation in the ductgusvo different
configurations of excitation of the prototype, d&®wn in Fig. 3. The measurements were performedichehlly at
each end of the duct and the values are shownhn Z.arhe results were obtained with the use afehtifferent types
of controllers as the technique employed, whiakas using feed forward, feedback method and hyhbathod.

Table 2. - Values obtained by experimental measen¢in a duct, exciting him at the end “A”.

I I -1l
Situation Controller (Off) Controller (On) Attenuation
Controller (dBA) (dBA) Obtained
Pto.1 Pto.2 Pto.1 Pto.2 Pto. 1L Pto,2
Feed forward 103,0 99,0 95,0 93,5 8,0 55
Feedback 103,0 99,0 86,0 91,0 17,0 8,0
Hybrid 103,0 99,0 77,0 88,0 26,0 11,(

8. CONCLUSION

This paper make a study comparative between diffelchniques of control and that would be to prtesi in
same congress around the use of smart materialsnitnol of vibration and noise sound. And it's pid®s significant
contribution in reducing of sound vibration by sfure in get a study of bibliography available witie use of
advanced materials and innovative techniques.

The controllers using the active type since thesipascontrol techniques in frequency range stugiesbents a
practical constraint. The demand for physical sgaceluct structures is fundamental where the ictgin of airflow is
other point that should be analyzed detailed in esamses can to produced and enables a projectofettuced
efficiency.

It may be noted that it isn't just to the use dfiaecontrol that will provide a gain in physicgdace of ducts but in
their use coupled with piezoelectric actuators poedl. The magnitude obtained in around of 10 d&iy significant
and useful.

In this moment to the research there is not insiaffit result from to the use of PDVF in the struetstudied. But
the use of these new materials often called "snagupears so promising for use in control theorytdugour versatility
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and range of work and application. It is expectédtensify development to the technique used ardntathematical
characterization of their behavior.
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