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Abstract—This paper deals with the global sensitivity analysis and magnetizatioiM:
of magnetoelectric devices model for magnetic field sensinghe

2
magnetoelectric sensor response is represented by a 2D fait sh = E(?;b:b; —651/BJ)) M| (1)
element model. Several material parameters of the model are R [IB||?
assumed to be uncertain. A non intrusive spectral projectio : T ; .
method is used to quantify the variability of the model outpus. The static consitutive laws are given by [2]
Using the Sobol indices, the most influential parameters onhe ti; = C[;L,jlskl — tZl
magnetoelectric sensor sensitivity are identified. ot 2)
hi = vigbj — 5 % (sm = s)
(2

with ¢;; the stresst,ﬁ‘j the magnetostrictive stress,the reluc-

tivity of material. The ME deterministic finite element made
Magnetic field sensors based on extrinsic magnetoelectriznsists of two subprograms. In the first subprogram, foheac

(ME) effect detect static magnetic field by measuring a hdinite element, magnetizationI® and magnetic inductioi3®

monic electric voltage [1]. Magnetic field sensors consist @re calculated, depending on the imposed magnetic Field

magnetostrictive-piezoelectric multilayers. Piezogleanate- Using these values, we can estimate the parameters of magne-

rials properties are provided by manufacturers with realten tostrictive linearized constitutive laws given in equati®):

accuracy. However, the randomness on magnetostrictive-mat ~ ¢ =t ~

rials properties can arise from manufacturing processatievi (T) [ e Ams <§) (3)

or lack of quality controls. The main properties of magne- “Apms  Vms B
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H

tostrictive materials are the permeability, the magneitﬂﬁte where E’ms is the stiffness tensor as a function of Lamé
coefficient and the Lamé coefficients related respectively ¢oefficientsy* and A*. The coupling matrixq,, ., is linked

magnetic, magneto-elastic and elastic properties. Theseru directly to p*, 8, B¢ and M¢. The equivalent reluctivity
tain parameters are modeled as random variables. Previgus s calculated as a function of the permeability B¢
papers have described the finite element model of such sgAg M¢, and the initial mechanical conditions. We note
sor [2] [3] without taking into account the uncertainties iny (g, ) the small variation ofX around a polarization point
the material properties. In this communication, we Proposg(a, by). Imposing a harmonic magnetic field,. at a

a stochastic model of magnetoelectric sensors with urinertgesonance frequency of ME sensor, the second subprogram,
material parameters. In order to solve stochastic probteen, ysing the constitutive law (3), calculates the harmonicteie

Non Intrusive Spectral Projection (NISP) method is empibyeyoltagev,.. The electric voltage.. is then linked to the static
This method is compared with the Monte Carlo Simulatiogagnetic fieldH,...

Method (MCSM). Finally the Sobol indices are calculated in

order to determine the most influential parameters. [1l. UNCERTAINTY QUANTIFICATION
Let consider a functiort’(u(@)) whereu(f) is a vector
II. ME SENSOR FINITE ELEMENT MODEL of M independent uniformly distributed random variables in

The extrinsic ME effect results from the combination o*he interval[-1, ”.With a finite va_rian_ce. T_he first method
magnetostrictive and piezoelectric effects. Previousepf;;lpto _study the f_uncUoriY_(u(O)) consists in using the MCSM.‘
have shown that the performance of the device is grea Q'S me_thod is very simple and rol_oust .bUt can be very t|m(_a
improved under dynamic excitation [1]. Indeed, the ME coefONsuMINg. Another method consists in using a StQChaSt'C
ficient takes advantage of the superimposition of a small h ectral _approach. Thé’(u.(e)_) can be expanded using a
monic magnetic fieldh,. at mechanical resonance frequenciesc’lynorn'"’1I Chaos Expansion:
of sensor and a static magnetic fidil;.. Higher sensitivity >
of ME sensor has been obtained due to the non linearity Y(u(©) = Zy,-ﬂ,-(u(@)) ()
of the magnetostrictive behavior. The constitutive laws of o =0 o
piezoelectric are assumed to be linear. The magnetosgrictiVith v: the real coefficients and’;(u(6)) the multivariate
constitutive laws are non linear. For the magnetostrictiRPlynomials generated from product of monovariate Legendr
material, the total straif§ is divided into the elastic strain POlynomials. Since the multivariate polynomialg(u(6)) are
S¢ and the magnetostriction straBt', S = S¢ + S#. Then Orthogonal, the coefficieny; is given by:
the magnetostrictive strain can be written as a function of ~ B(Y(u(8)L:(u(9))) (5)
magnetostrictive coupling coefficiefit magnetic inductioB v E(L;(u(8)?))
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with TE(X(0)) the expectation of random variabk¥(6). The the mean of the electric voltage obtained by using MCSM.
NISP method enables to approximatgu(@)) by truncat- The red points, corresponding to the mean calculated using
ing (4) and by calculatingy; using the Gauss quadraturehe NISP method, are in 96 confidence interval of MCSM.
scheme [5].

o
N
o

— Monte Carlo appl"oach = BT .

X Y (W) £i(w )

Yi N - (6) 0.2l + PCE approach =
Zj:l L3 (ud)w; ot »
151
with v/ andw’ the Gauss points and their associated weights, o1

N the number of Gauss points. From the truncated expan-
sion (4), which is equivalent to a stochastic surrogate rhode
statistical parameters such as the mean and the standard
deviation can be easily extracted. To study the influencbef t
parametersi(@) onY (u(0)), Sobol proposed indices based on

the decomposition of the variance b’(u(e)) in the form [4]: Figd ’i.ISPEIeCtriC voltage versus magnetic flux density otaditny MCSM
an
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We observe that the results obtained by the two different
V=S "D, Dij+...+D 7 .
var(Y) z_; - Z gt D () approaches are very close. Nevertheless, the computationa

IsreIsM time required for MCSM is about 4 times more than NISP

We denote bya = (ai,...,ax) a K-tuple (K < M) method. Using NISP method, we can now estimate the first-
such that(aq < ... < ag) and o; € [1,M]. Do is  order Sobol indices$;, S, Ss, S4 corresponding respectively
the fraction of variance due to the interaction of the inputg ,, 3, ;* and \*. Fig. 3 plots the first-order Sobol indices
vV = (Uays..-sUag). The Sobol indexS, is defined by: versus different magnetic flux densitiss;...

* var(Y(u(9)))’ _ 07 s w &
The Sobol indices can be calculated using the MCSM or from § oof o S2 = Sa
the approximation (4) ofY’(u(@)). The sum of the Sobol 2 os e ° ooee e
indices is equal to one and they are always positive. The first 2 o4
order Sobol indices; enable to evaluate the influence of the ‘g 03f
input u;(0). The highersS;, the more influent; (). g oz

& 01f
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Static magnetic induction (T)

The ME sensor is a trilayer structure presented in Fig 1

Fig. 3. First-order Sobol indices versus magnetic flux dgnsi

h
—— In Fig. 3, we can see thai; and S; are greater thartd;
B, 7 - andSy. It means that the magnetostrictive coefficigrand the
nfine ¥ Lamé coefficientu* have a significant impact on the electric
N N i y voltagewv,.. The permeability: and the Lamé coefficient*
" ! ‘ have almost no influence on the electric voltagg. The
lagnetostrictive layers PZT > A A
wB o N foe % Sobol indices are nearly constant and do not depenB gn

The sum of the first-order Sobol indices is abdu®9 for

all magnetic flux densities, the interaction effect of thpuits
The magnitude of the voltagg,. obtained between the elec-can be ignored. As a first conclusion, in order to limit the

trodes of the piezoelectric layer depends on the DC magnetispersion of the ME sensor characteristics, the varigbdl

flux densityB,.. The permeability ), the magnetostrictive 8 and * should be controlled during the fabrication process.

coupling coefficient §) and Lamé coefficientsu( and \*)

Fig. 1. Magnetoelectric sensor
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TABLE 1 (4]
VALUE AND STANDARD DEVIATION OF RANDOM VARIABLES



