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To investigate the influence of the material properties and the gevetric characteristics of a sensor based on active materials, the
Least Angle Regression (LAR) method have been applied. The appromation function obtained from this uncertainty quantification
method is used to undertake a global sensitivity analysis based oha Sobol indices. With the proposed method the most influential
parameters can be determined.

Index Terms—Least Angle Regression, Piezoelectric, Sensitivity Analysis, Urtainty Quantification.

I. INTRODUCTION This piezoelectric sensor have uncertain material progsert

In order to enhance the coupling effect, the sensors basilf geometric characteristics, leading to a dispersiorhef t
on active materials such as piezoelectric, magnetoseiai Se€nsor response which is the mechanical dipslacement at the
magnetoe|ectric Operates at a resonance frequa]cﬂl][mm eXtremity pOint shown in the FIgUrE 1. In the stochastic
operating frequency is usually fixed a priori at the mechanic@PProach, the uncertain parameters are modelled by random
resonance frequencyl[3]. Nevertheless, as the materiellthan variables that we assume to be independent and uniformly
geometric properties present some uncertain charaatsrikte distributed. We consider as random variables the lengthef t
to manufacturing process deviations or lack of quality oaist layer LL, the width of the layerL.W, the elastic modulus
the response of such sensors is not determinist. At an apgratép=t. the Poisson’s ratios,,, the shear moduluss,.;, the
frequency determined a priori, the response of sensorsndep€0Upling coefficientds; and ds3 of piezoelectric material.
on different factors. In[J4], the Non Intrusive Approximati We consider the permittivity;., and e, following the =
based on Least Angle Regression (LAR) [5] method wad y direction respectively, and the mass dengity;. The
introduced. The method which enables to build a stochasB@rameter variations have been assumed to be of 10% of
meta model based on an orthogonal polynomial basis, isalog®ominal value for all parameters. In Téb I, we have reported
to the original model of the sensor. This approach can K& nominal value of each parameter.

applied for the problem with high number of parametéis [6]. LL LW Epzt Upzt Gzt
The sensitivity analysis consisting in calculation the &ob m | 0005] 3.2E-4 | 20E49] 029 | 7.75E48
indices have been deduced directly from the meta madel [7]. ds ds3 €pzt €pat Ppzt
In this communication, this methodology is applied in the m_| 9200 | 1.72E+6 ABLlé’l 3.85E+9| 6.77E+9
case of an active material sensor. The sensitivity analykis VALUE AND STANDARD DEVIATION OF RANDOM VARIABLES

the influence of the material properties and the geometric
parameters on the sensor response at a operating freguency i
done according to the methodology based on the LAR method. 1. SOBOL SENSITIVITY ANALYSIS

Il. SENSOR BASED ON ACTIVE MATERIALS The uncertainty quantification method is based on the Least

The sensor based on active materials can be a piezoelecdgle Regression. Let's consider a numerical mode(&)
or a magnetostrictive beam, or a combination of these tw§here is a vector input ofA/ random variables. Thesé/
To find the resonance frequency of the structure, one makegdom variables are independant and uniformly distribute
frequency sweep and then determines the maximale respbnst@ dhe interval [-1,1]. UsingV realizations, the LAR method
the sensor on this frequency range. Figdre 1 shows an exaerStr“Ct an approximation’(§) of the numerical model
of a piezoelectric sensor made with a piezoelectric beam. »
beam is clamped at the left border of the sensor. The sensor YR
input is the electric voltage imposed on the up and down borde Y(e) = z} i3 (€) (1)
of the beam. The output is the mechanical displacement at the -
up right extremity point of the sensor. The numerical model &vhere¥ = {Wy, ¥5,.... ¥p  } the polynomial basis of.;

the piezoelectric sensor is a 2D finite element model. terms.
Extremity point To make a global sensitivity analysis, several methods have
é piezoelectric layer \T been proposed. In this work, we choose the approach caomsisti

of calculating the Sobol indices1[8] because these indices
can be deduced directly froni](1). The approach consists of
Fig. 1. Piezoelectric sensor decomposition of the variance of the output as a sum of

fixed border



variances-based on single or mutual interaction of the rigice LL | LW | Epst | vpet | Gpot
inputs. This decomposition is given in the following form: S; | 0101 0.06 | 0.00 | 0.00 | 0.00
ST, | 0.30 | 0.30 | 0.25 | 0.24 | 0.23
N N d d er e’ P,
o ) B 31 33 pzt pzt pzt
D= ZD1+Z Z Dij+ ...+ D2 n (2) S, 1005 © 0 0 0
1 i=1 j=i+1 ST, | 025| 022 | 025 | 022 | 0.22
(@) leads to the calculation of the total variance Bfas a CASEIA?LE 'g SkH 2
. . . . L J2 = o.
sum of partial varianc;, ;.. The Sobol indicesS;, . ;. is
defined as: D. ‘ LL [ LW | Epst | Upet | Gpet
Sy, = Ste ) S; | 0.04 | 0.03 | 0.00 | 0.00 | 0.00
’ D ST, | 0.34 | 023 | 0.30 | 0.28 | 0.20
Therefore we have the following property : ds1 | dss | o, | €0, | poet
N N N S, [ 001 © 0 0 0
4 3y _ ST, | 0.27 | 0.19 | 0.27 | 0.24 | 0.33
DSiHd D Syt A4S =1 (4) TABLE IV
1 i=1 j=i+1 CAsSELl: fo =9.0kHz

S; wherei € (1,...,N) is the first order Sobol indice. It
evaluates the effect of uniqgue random variable The total

Sobol indexST; is calculated by: From Tabldl, the first-order and the total Sobol indices are
D very close. It means that there is no mutual interaction betw
ST, =1— TNZ (5) the parameters. The most influential parameters are théhleng

épe width of the sensor, and the coupling coefficient. In the
Second case, Tablellll shows the first-order Sobol indices ar
not as high as in the first case. The displacement does not
depend mostly on a unique variable. The influence is the rhutua
interaction between two or several variables. Table IV show
IV. RESULT the first-order Sobol indices are still reduced comparedéo t
In the first analysis, the displacement followingand y S€cond case. The mutual interaction between the input is mor
direction are analyzed in a frequency range (from 0 to 15 kHANd more important. It is shown that the mutual interactias h
The material properties and the geometric characteriatiest & great influence especially around the resonnant frequéocy
the nominal values. The result is presented in the Figlre 2 determine which parameter interactions are the most irtfalen
<10 ‘ ‘ Sobol indices of higher order needs to be calculated. Thidyst

where D.; is the variance which does not contain any effe
corresponding to variabl€;. The bigger.S; is, the more
influential ¢&; on the output. The smallefT; is, the less
influential £, on the output.

1 ; will be presented in the extended version.
~ 0
£t |
%:»-1: ] REFERENCES
'E‘,'Q: 1 [1] M. I. Bichurin, D. A. Filippov, V. M. Petrov, V. M. Laletsi, N. Paddub-
s 3l — displacement following 1 naya and G. Srinivasan, "Resonance magnetoelectric effedesyered
| — displacement following 1 magnetostrictive-piezoelectric compositeBfys. Rev. Bvol.68, 132408,
o 5000 Fréquence (HZJI0000 15000 Oct 2003,

[2] D. T. H. Giang and N. H. Duc, "Magnetoelectric sensor forcrotesla
magnetic-fields based on (Fe80C020)78Si12B10/PZT lamifigdemnsors
and Actuators A: Physicalol. 149, no. 2, pp. 229-232, 2009.

[3] T. T. Nguyen, F. Bouillault, L. Daniel, and X. Mininger fifite element

Figure[2 shows that the deterministic model captures the modeling of magnetic field sensors based on nonlinear mageetdel

resonance phenomenon. The resonance frequency is aizg ffect,” J. Appl. Phys.vol. 109, 084904 (2011).

. h . T. Nguyen, D. H. Mac and S. Clenet, "Uncertainty Quficdition Using
8.3kHz. Now we make the sensitivity analysis of 3 cases gparse Approximation for Models With a High Number of Paranseter

of operating frequency, the first case at a low frequency Application to a Magnetoelectric SensoiEE Trans. Magvol. 52, issue:
(fi = 500Hz), the second case at the resonance frequer}] 016.

3,2
. . %/B. Effron, T. Hastie, I. Johnstone and R. Tibshirani, &ise Angle
(f2 = 8.3kHz), and the third case at a frequancy slightl Regression, The Annals of Statistica/ol. 32, No. 2, 407-499, 2004.

higher than the resonance frequendy & 9kHz). We have [6] G. Blatman and B. Sudret, "Adaptive sparse polynomial shexpansion

applied LAR method with 500 realizations regarding to 10 ggiid on least angle regressiah"Comput. Physvol. 230, 2345-2367,

Uncertain parameters. From the epr_inS.ion obtained[by @) 0. P. Lemaitre, 0. M. KnioSpectral Methods for Uncertainty Quantifi-
the first order and the total Sobol indices are calculated. cation Springer 2010.

Fig. 2. Displacement versus frequency

Tabl ives th | indi in 2 ) [8] 1. M. Sobol, "Sensitivity estimates for non linear matheicatmodels and
abletl] 0 [ LeLS ! %V?Ob%pztd C,/epi G}i?ses their Monte Carlo EstimatesMath. Comput. Sim.vol.66, pp. 271-280
S, (034032 0 0 0 (2001).
ST; | 0.34 | 0.32 0 0 0
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