N
N

N

HAL

open science

Thin hybrid linearly piezoelectric junctions

Patcharakorn Viriyasrisuwattana, Christian Licht, Somsak Orankitjaroen,
Thibaut Weller

» To cite this version:

Patcharakorn Viriyasrisuwattana, Christian Licht, Somsak Orankitjaroen, Thibaut Weller.
hybrid linearly piezoelectric junctions . Comptes Rendus Mécanique, 2016, 344 (3), pp.128-135.

10.1016/j.crme.2015.10.003 . hal-01279242

HAL Id: hal-01279242
https://hal.science/hal-01279242v1
Submitted on 25 Feb 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Thin


https://hal.science/hal-01279242v1
https://hal.archives-ouvertes.fr

Thin hybrid linearly piezoelectric junctions

Les jonctions minces hybrides linéairement piézoélectriques

]

Patcharakorn Viriyasrisuwattana”, Christian Licht*", Somsak Orankitjaroen "
Thibaut Weller *-*

4 LMGC, UMR-CNRS 5508, Université Montpellier-2, case courier 048, place Eugéne-Bataillon, 34095 Montpellier cedex 5, France
b Department of Mathematics, Faculty of Science, Mahidol University, Bangkok 10400, Thailand

ABSTRACT

We extend our previous study [1] devoted to thin linearly piezoelectric junctions to the case when the elastic, piezoelectric
and dielectric coefficients of the junction are not of the same order of magnitude.

RESUME

Nous étendons notre étude [1] consacrée aux jonctions minces linéairement piézoélec-triques au cas oul les coefficients
élastiques, piézoélectriques et diélectriques de la jonction ne sont pas du méme ordre de grandeur.
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1. Introduction

Due to the wide range of values taken by the elastic, piezoelectric and dielectric coefficients of various devices, it is
worthwhile to extend our previous study [1] devoted to thin linearly piezoelectric junctions to the case when the elastic,
piezoelectric and dielectric coefficients of the junction are not of the same order of magnitude. Our various asymptotic models
for a thin piezoelectric junction between two linearly piezoelectric or elastic bodies will be indexed by p = (p1, p2, p3) in
{1,2,3,4)3. Indices p; and p; are respectively relative to the magnitude of the elastic and dielectric coefficients of the
adhesive with respect to that of the constant thickness 2¢ of the layer containing the adhesive. More precisely, we assume
that h:= (g, ) = (&, tmm, Mee, Ame) takes values in a countable set with a sole cluster point h € {0} x [0, +00]3, so that

p1=1: i}l =lim,_ ;2eumm) € (0, +00) p2=1: al :=1im,_ ;2 pee) € (0, +00)
p1=2: gl =lim,_ ;Qeumm) =0 p2=2: il ==lim,_ ;(2epe) =0

P 2= limy 5 (fimm /2€) = +00 fe = limy_ (Jhee/2€) = +00 (1
p1=3: Ay, = limy_j (mm/26) € (0, +00) p2=3: 2, :=1imy_ ;(iee/26) € (0, +00)

p1=4: Ay = limy_;(tmm/26) =0 P2 =41 [ig :=limy_j(ttee/26) =0
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The parameters Wmm, Mee, Mme TeSPectively characterize the order of magnitude of the elastic, dielectric and piezoelectric
coefficients of the adhesive. The case p; = p, being already treated in [1], in the following we assume p; # p». As in [1],
index ps3 characterizes the status of the adherents but also that of the interfaces between adherents and adhesive:

p3 = 1: the two interfaces are electromechanically perfectly permeable

p3 =2 : the two interfaces are electrically permeable

p3 = 3 : one interface is electrically permeable while the other one bears an electrode
p3 =4 : the two interfaces bear an electrode

(2)

The physical situation is that of [1], which we recall as follows. Let  be a domain, with Lipschitz-continuous bound-
ary, of R3, assimilated with the physical Euclidean space with basis {eq, ez, e3}, whose intersection S with {x3 =0} is
a domain of R? of positive two-dimensional Hausdorff measure #5(S). Let Q4 := QN {+x3 >0} and & be a small pos-
itive number, then adhesive and adherents occupy B? :=S x (—¢,¢), Q% := Q4 =+ ge3, respectively; let Q° =Qf UQ®,
€ :=S+ce3, Of:=Q° UB® Uy S4. Let (T'mp, Fep), (Tep, Fen) be two partitions of 92 with Hy(T'mp), H2(Lep) > 0 and
0 < § :=dist(Cep, S). For all T in {Tmp, CmN, Tep, Ten }, T+, T4, ['® denotes I'N{£x3 > 0}, [+ £ee3, ULTE, respectively; if
(Y. YN) is a partition of y :=3S, we denote { yp, yn, ¥ | x (—¢,€) by {T'§,. ' TE, }. The structure made of the adhesive
and the two adherents, perfectly stuck together along S%, is clamped on anD and subjected to body forces of density f¢
and to surface forces of density F® on I';, that vanishes on T'},.. Moreover, a given electric potential (pgo is applied on I'

(and also on 'y when p3 = 1), while electric charges of density d® appear on I'{; (and also on 'Sy when p3 =1).
If ol ull, e(ul), D, @f respectively stand for the fields of stress, displacement, strain, electric displacement and electric

potential, the constitutive equations of the structure, for all p := (p1, p2), read as:

(o). Dby =M{*(ewh), Vell)  inB®Vp3e{1,2,3,4}

(o). D) = ME(euh). Vol)  inQfifps=1 (3)
ag = age(ug) in Q% if p3 > 1
where
(Mg, ag)(x) = (Mg, ap)(x T ge3) Vx e Q% (4)
(M, Mg) € L®(S x €; Lin(K)) such that
.| Hmm@ —Mmebi | ae —be
M = bT c , Mg:= bT
Mmeby MeeCl E CE (5)
—b
Mp = [Z? P} Ik >0 Kklk2<Mp(k-k VkeK:=S?xR3ae.xeQ, VPe{lE}
p Cp

and Lin(K) is the space of linear operators on K whose inner product and norm are noted - and |- | as in R> (the same
notations for the norm and inner product also stand for SN the space of N x N symmetric matrices).
Lastly we have to add the following conditions on S%:

p3=2 DB.e3=0 onsg

p3=3 Di.-e3=0 onS%, ¢h=¢} onsSt (6)

p3=4 ¢h=¢l  onSi

the ele({tric potentia¥ gogo being given on Si or S‘Ei..
It will be convenient to use the following notations:

ki=(6,8) é:=eqs, 1<a,$<2, &:=(g1,8), Vk=(e,g) €K
k(r) =k(v,¥) := (e(v), V¢) Vre HI(O;R3 x R) (7)
e() €D'(S:S%):  (e(M)yy = 3@avp +pva). 1. f<2, YVveD'(S;R?)

and the same symbol e(-) shall also stand for the symmetrized gradient in the sense of distributions of D'(O;R3?), O ¢
{(9‘9, Q,Q\S, B¢, Qf } or D'(S; R?). An electromechanical state with vanishing electric potential on I'f; and on I'gy when

p3 =1 will belong to V§ := Hl. (O°:R?) x @4, with
mD



—yl
1 =Hrg ore, (©)
@5 = H|.c (B®) if Ha(T§)) > 0, HY (B®) if Ha(Th) =0
DI (8)
—yl
@5 = Hpe se (B

e _ gyl &
Py =Hpe 5 (BY)

where, for any domain O of RN, N=2,3, HL.(O; RM) denotes the subspace of H!(O; RM), M =1 or 3, of all elements
with vanishing traces on a part X of the boundary of O, while H}n(O;RM) denotes the subspace of all elements with
vanishing average.

We make the following assumptions on the data:

Given (f, F,dg,dy) in L?(2; R?) x L2(T'mn; R?) x L2(Ten) x L2 (yn x (=1, 1))

with fi, did#H> =0when p3 =2and H(yp x (~1,1)) =0

@or in H3/2(R) vanishing in { |x3| > 14 8/2}, and @, in H!($2) vanishing on S, then:
féx)=f(xFeez)ae.xecQf, fé(x)=0ae.xeB®

Fé(x) =F(xFee3)ae.xely (9)
d® (x) = (2ptee) /2di(R, x3/€) 2. x €T,

d°(x) =de(x Feez)ae.xelg, ifps=1

oh () = {

where ppy is such that pp; =0 if 33¢0; =0 in S x (—1, 1), ppr =1 if 93¢1 # 0 in S x (—1, 1). We also introduce the element
@o of HM1(Q, S) :={ v € H'(Q) whose trace y, (1) on S belongs to H'(S) } defined by ¢, (x) = @oe(x) + (1 — pp)@or(x +
e3) a.e. x € Q. We note g, the trace on yp of ¢, and set Agy = %(goom, D = @o(, —1).

Then, if M, and £, are defined by:

Qo (X F €€3) + PPl (x £ (1 — e)e3) ae. x € QF
ePPlgy (X, x3/€) a.e. x € B?

Joe MEK(S) -k(r) dx + [ MI“k(s) -k(r)dx, ifps=1
Jqe abe(u) -e(v)dx + [z Ml k(s) -k(r)dx, if p3 > 1 (10)
Ly(r):= [q f°- vdx—i—frgN F¢.vdH, +f1“fiuUF£ d®ydH, T=Tiifp3=1,T*=@ifp3>1

Mp(s, 1) = [

seeking an equilibrium state leads to the problem
(Phy: Findshin (0,¢h)+ VEsuchthat My(sh.r)=Lp(r), VreV
which, by Stampacchia’s theorem, has a unique solution.

2. The asymptotic models

By proceeding as in [1], we will determine the asymptotic behavior of the structure when h goes to h under the following
assumption on the behavior of @me, whose rationale will clearly appear in Step 3 below.

There exists fLme in [0, +00) such that figme = lim fepe, with
h—h

. M%nel _ _ N
lim —=—-=0 whenp=(4,1,49o0rp=(3,2,p3),3,4,p3),(42,p3),1<p3<4
h—h Hee €
2
lim £mee — 0 whenp=(2.1,4) or p= (1,2, p3). (1.4, p3). (2.4. p3). 1 < p3 < 4
h—h Mee
Mine 1
lim —™ — =0 whenp=(2,3,p3),(2,4,p3).(4,3,p3), 1 <p3 <4
(Hp) h—h Mmm €
2
lim XM e —0 whenp=(4.2,1)orp=(2.1,p3). (4.1, p3).1 < p3 <4
h—h mm
lim 2™ — 0 when p = (4,3,4)
h—h €
lim pme =0 whenp=(1,3,4) orp=(2,3,4)
h—h

lim ftme = fime whenp=(1,3,p3),1<p3<3,orp=(3,1,p3),1<p3 <4




In the following, C will denote various constants mdependent of h which may vary from line to line. It will be convenient
in the cases p3 > 1 to use the same symbol sh for (up, gop) where goh denotes the extension into Q° of (p’; by 0. Without
loss of generality, we suppose Hz(T'mp+) > 0; moreover we assume Hz(FmD_) > 0 when p1 =4, and H(T'ep+) > 0 when
D2 = 4,

Step 1 (a priori estimates): By taking r = s’;, — (0, gogo) in the variational formulation of (Pg), one has:

Homm €U IPa pe.cs) + Heel VO T2 e s, + K 22 ey < C (11)

Step 2 (convergence of (s'lj)): As in [1], the two following tools are suitable to describe the asymptotic behavior of the
electromechanical state in the adherents and adhesive, respectively. First, let T¢ be the mapping from H!($¢; R? x R) into

H(2\ S;R3 x R) defined by:
(TN (x) = (T (v, ¥)) () = (T{v, TSY) (X) == (v, ¥)(x £ ce3) VxeQyx (12)

Note that T¢s h (T1u ,0) if p3 > 1! For any w in H/(Q\ S; RN), N € {1, 3}, if y;5(w®) denotes the trace on S of its
restriction wi to Qu, [[w]] stands for y,"(wt) — y;-(w™).
Next for all r = (v, v) in H'(B%; R? x R), we set the following element of L%(S; K):

&
1
kp(e,r) = (ep(e, V), gp(e. ¥)) i=<(2€)q] /e(V)(~,X3)dX3, 26 )qu Vi (., X3)dX3>

—&

gi =max(2 — p;,0), i=1,2 (13)
and there holds

& &
e ) — (e([ h phy . 1 h 1 h
kpe, 1) =(e(Up), V@p), (U,, ®}):= ((zg)qh /up(.,x3)dx3,W/q;p(.,xg)d&) (14)
—£ —£

0 (11) and standard estimates in Sobolev spaces (see [1]) imply:

e h 1 1
|k(T sp)'Lz(Q\S;]K) =<C, [[T sp]]']_Z(S R3xR) = <Cell+—+—

Hmm  Mee
-2q1 _°% € =292 _© €
|6p(8 up)|L2(5 S3) <Ce mm > |gp(8 gpp)lLZ(s ]R3) <Ce ee
&
U s gy = Ce2070 (14 —)
p LZ(S,R3) Umm

& 1 e
2@ |2, < Cct(h), c*(h)=(1+—) ifp3 =1, ifp3=2,62 + — ifp3 > 2 (15)

I/l/ee € Wee /’Lee

le(T")[? <C————, |VO"? ~c L&
p/l2(S;82) = 2201 mm ’ pli2(s:r2) = 2242 LLee
& .
UD = Y (T sy = e+ ——) ifpr=1
Mmm

[0 — Y (T5epH)lEags, = C (e + /T) ifpr=1
ee
Thus, if a ®s b denotes the symmetrized tensor product of a and b in R3, we deduce:

Proposition 2.1.

1. There exists Sp = (iip, @p) in H}mD(Q \ S;R3) x H}eD(Q \ S) such that T*?s’;, weakly converges in HI(Q \ S; R® x R) toward
some S, = (il, @p) ; §p = 0 when p3 > 1, and i, belongs to H'(Q2; R3) when pq < 2, ¢ belongs to H'(Q2) when p; < 2 and
p3=1 .

2. When p1 # 4, ep(s, u’l’)) weakly converges in L?(S; S®) toward some ép, and there exists U, in H'(S; R®) such that U weakly
converges in H(S; R2) toward ﬁp, (Ug)3 strongly converges in L2(S) toward (Up)3, moreover

i) when py =1,TUp = yo(iip), & = e(iip);
ii) when p1 >1,U, _O andep = [up] Qs es.

3. When py #4, gp(s gz) 'y weakly converges in L2(S; R3) toward some gp and there exists <I>p in H1(S) such that d>h weakly
converges in H(S) toward dDP, moreover,



i) when py =1, 5;, is equal to Y, (¢p) when p3 =1 or to y,(¢,) when p3 > 3, furthermore the trace on yp of5p is equal to
@, while ‘Z’; =V, and (8p)3 = Awo When p3 =4;
ii) when p, =2, ®, =0and g, =0;
iii) when p; =3, 5,3 and f,f; vanish only when p3 # 2, while (gp)3 = [¢p] when p3 =1, (gp)3 = 0 when p3 =3.

As in the next step, we will show that (ip, ¢p) is the unique solution of a variational problem, note that the whole
sequences converge. When both e, and g, are defined we set k, = (&, gp).

Step 3 (identification of (s,, €,, g5)): We proceed in two different ways depending on whether I_<,J does not exist, IEP is
fully or partially identified.

When p=(3,1,4) or 1 < py,p2 <4, p1 # P2, 1 <p3 <4, it suffices to go to the limit in the variational formulation
of (Pg) by using the following test functions rf, = (v&, wg) and taking duly account of the estimates (15), Proposition 2.1,
Cauchy Schwarz inequality and (Hp) which are constructed in order that

h—h

lim [ bV e(vi)dx= 1im_/b,Te(u’;,)-v¢; dx=0
h—h
& BS

The test functions rf, reads as:

VZ — vairl (P1—1,2).8’ 1 < P3 < 4

é-min(pzfl,Z),e D3 =1
e (61 +x362) /e, 61,00 €C3°(S) p2=3,4, p3=2
Pl +x3/8)0, 6 €C5(S) p2=3.4, p3=3
0 if(2<p2<4,ps=4)or(p2=2,p3=2,3)

where for all w! in HllmD(Q; R3) and all ¢! in H}eD(Q) vanishing in a neighborhood of yp, let (w!-¢, ¢1-¢) be defined by

wl chH(xFees) aexeQf
wh, ¢H&, 0 ae.xeB*

(whe. e @ = [
For all w? in Hf, (Q\S;R?) and all ¢® in H[. (R S) vanishing in a neighborhood of yp, let (w**,¢>#) be defined by

(W2, £ (x F ge3) ae.xeQf
W MR, x3/8) + @(WS, 25X, x3/¢) ae.xe BE

W8, 24 () = {
with

1 R .
W9, N x) = 5[(w2, DR, x3) — (W LHR, —x3)]

1 A N
(W, 2900 = J[(W?, E) R x3) + (W2, £ R, —x3)]
When p=(1,3) or (3,1), with 1 < p3 <3, let
J— T Ll —_— (]
My o= | omm® —Amebl g pa), = 1.2 (16)
Pmeb; Hee €

with |-] the floor function. We first prove

(Mipkp)5 =0 (17)
where kij denotes the projection on Ki, of any element k of K with

_ el 2 3
K=K, oK, oK} (18)

K}) being made of the elements k = (e, g) whose nonvanishing components e;;, g are the nonvanishing components (€p);j,
(gp)1 of kp which are identified by Proposition 2.1 in terms of i1, ®p or @, Kf, is made of the elements whose nonvanishing
components are the components of I_cp that are not identified by Proposition 2.1, and Kg is made of the elements whose

nonvanishing components are the vanishing components of I_cp identified by Proposition 2.1. By using suitable test functions
Py we may deduce (see [2,3]):



(Mlpl_(p)] = Mlp(l_(p)]; Mlp = (Mlp)“ - (Mlp)“(Mlp)lz((Mlp)zz)_l(Mlp)z1 (19)

with (Mlp)ij, 1 <i,j <3, being the decomposition of Mlp in linear operators mapping K; into K{,. That is obtained by
using (Hp) and p; defined by:
x3+8)Up, W, I, p, ¥ (X)) ae. xe B¢
0p(x) = LR . (20)
2e(Ip, W™, Ip,p; ¥y ") (x —€e3) inQ5, 0in Q2

where, given (w,¥) in CP(S;R?® x R), (wF,y ™) is an extension into H}mD+(Q+;R3) X HlleDJr(QJr), and I, =
max(0,2 — p1), I1p; =1 if p3 <2, I1p; =0 if p3 > 2, I3p; =0 if p3=1, Isp, =1 if p3 > 1.

Second, given (v, V) in (Hll_mD(Q;R3) X HlleD(Q)) N H2(2; R? x R), ¥ vanishing in a neighborhood of yp, we define
ré = (v, ¢¥5) by:
P p¥p

when py = 1: vE(X) = ¥(%,0) —X3VV3E§, 0, (v{® =v3®0) aexeB® . whenpi=3: vE— w2
vE() = v(XF ee3) FeR*(Vv3(-,0),0)(x Fee3) aexeQf
YEX) =y (xFee3)inQL, YR 0)inBE ifps=1 ¢®¢ ifpy=1
when py =1:{ ¥; () = ¥(&,0) in B ifp3=2, whenpy=3:y;=1¢R®0) ifp3=2
Y5 (x) =0in B ifp3 >3 0 ifp3 =3
(21)
where R* is a continuous lifting operator from H'/2(S; R3) into H}mDi(Qi; R3). Hence (Hp) and (19) yield:
lim [ M{'k(sh) - k(ré) dx = / Mip(kp)' - ¢/, g') d& (22)
h—h a S
where:

{whenf):(l,B):e’:e(f/), g =|[¢lesifps=1, g =Vyifp3=2, g =0ifp3=3 (23)

whenp=3,1): ¢’ =[w?]®se3s, g =Vyforl<psz<3

In the remaining cases, as, respectively, g, =0 or does not exist, or e, =0 or does not exist, we proceed in the same way,
but with a suitable decomposition_of S* or R3, respectively, and M, replaced by jild or il respectively, @ and ¢
being defined in a similar way as M.

Lastly, Jensen inequality and the previously established weak convergences achieve the proof of the following conver-

gence result, which supports our asymptotic models in the form of variational problems <5p>.

Theorem 2.1.

e If p3 =1, when h goes to h, Tssg strongly converges in H' (€2 \ S; R? x R) toward Sp the unique solution to

(ﬂ ) Find s = (u, ¢) in (0, @o) + Vpp, X Wp,1 such that
D) Mp1)(s.1) =L (1) Vr=(,¥) € Vp x Vp,

where

Mp.ay(s.m) =/MEk(5) -k(r) dx 4 Mg 1)(s,7)
Q

0if p=(2,4) or (4,2)

s Ahmaie(@) - e(9) dRif p = (1,2) or (1, 4)

[s il&iVe - Vydrifp=(2,1) or (4,1)

My (s.1) =3 Js Reecileles - [wles drif p=(2,3) or (1,3)

Js tinai[u] ®ses - [v] ®s esdRif p=(3,2) or (3,4)

Js Mip(e(@), [¢]es) - (@), [w]es) dkif p = (1,3)

Js Mip([u] ®s €3, Vyo(@) - ([v] ®s e3, Vyo()) dRif p= (3, 1)




N vdx [ FevdHy 4 fr dey dHy + ()2 L, (1 diCx3)dxs ) ydl ifpy=1
Lp(r) = mN eN W 1

Jof-vdx+ [, F-vdHa+ [ deydi, ifp2=2
Vi={veHl @R teH SiRY ), Vai=HL (@R, Vi=Vai=Hl (R\S:R)

Vi i={ v e Hl, @1 @) e HY () | Vo i=HE, (@), W31 =Wsg=HL (R 5)

e Ifp3 > 1, when h goes to h, Tfu’;, strongly converges in H' (€2\ S; R?) toward up, while CD’;, converges, strongly in H(S) if p <3
and strongly in L*(S) if p3 =4 and lim,__; €3/ jee = 0, toward &, the unique solution to

(5 ) . JFinds=(u,$)in (0,d2 ¥o(¢0)) + Vp, X Wp,p, such that
p Mp(s, 1) =Lp(r) Vr=(,¥)€eVy x ¥p,p,
where

Mp(s,1) ::fae(u) -e(v)dx + Mip(s, 1)
Q

o p3=2
0ifp=(2,4) or (4,2)

Js immai[u] ®ses - [v] ®sesdkif p=(3,2)

Js B%aVe - VY dRif p=(2,3)

MipGs.r) = { Js Rmm@ie@) - e dx if p = (1,2) or (1, 4)

[s &CIVe -V dxif p=(2,1) or (4,1)

Js Mip(e(@), Vo) - (e(9), Vi) dR if p = (1,3)

Js Mip([u] ®s e3, V) - ([v] ®s e3, VY) R if p = (3, 1)

o p3=3
o ifpe{2,4)x(1,3,4)
Js Mip([u] ®s e3, Vo (o), Agor) - ([v] ®s e3,0)dx if p=(3,1)
Mip(s, 1) == [ AZmai[u] ®ses - [v] ®s e3dk ifp=@3,2)0r(3,4)
[s Ahmiie(@) - e(v) dx ifp=(1,2)0r(1,4)
Js Mipe(@) - e(9) d& ifp=(1,3)
o p3=4
o ifpe(2.4}x{1,3.4}
y S fslt/llp([[u]]®Se37v)/o((ﬂo)»A(Pol)'([[V]]®563s0)d5< ifp=@3.1)
Js Bmai[u] ®s e3 - [v] ®s e d& ifp=(3,2)0r(3,4)
[ AL naie(@) - e(V) dx ifpe{1}x{2,3,4}
() = Jof-vax+ [ F-vdHa+ (i)' S <f11d1(~,X3)dX3> yd ifpy=1

Jo f-vax[n, F-vds if p2 > 2
W(p,.2) 1= H,, (S) or Hy,(S) according to the positivity of the length of yp
Yip2.3) = Wipya) =10}, p2 #2
Y,py ={0},2=<p3=<4



3. Concluding remarks

For piezoelectric adhesive and adherents, when the elastic and dielectric coefficients of the adhesive are not of the same
order, the piezoelectric coupling remains in the asymptotic model only when p = (1,3) or (3,1). More generally, when
(necessarily only) one index p; or p; is equal to 1, the status of the limit model for the adhesive is hybrid. When p; =1, the
adhesive is replaced by both a material surface perfectly bonded to the adherents, from the mechanical point of view, and a
constraint, from the electrical point view. On the contrary, when p, = 1, a mechanical constraint appears with an electrical
material surface perfectly permeable. The mechanical material surface is an elastic membrane with a possible nonvanishing
(only when p = (1, 3)) residual stress stemming from the possible discontinuity of the electrical potential induced by the limit
electrical constraint, which is perfect permeability, electric pull-back or impermeability, according to the magnitude of the
dielectric coefficients. The electrical material surface is of linear conductor type with a possible nonvanishing (only when
p = (3,1)) residual term stemming from the possible nonvanishing relative displacement induced by the mechanical constraint,
which is perfect adhesion, elastic pull-back or free separation according to the magnitude of the stiffness of the adhesive.
When both p; and p, are greater than 1, the adhesive is replaced by an electromechanical constraint. As the orders of
magnitude of the elastic and dielectric coefficients differ, this electromechanical constraint reduces to two independent
mechanical and electrical constraints of the types previously evocated according to the values of p; and p,, respectively.

For a thin piezoelectric layer embedded between two purely elastic adherents through two electrically impermeable
interfaces, the piezoelectric coupling remains in the asymptotic model only when p = (1,3) or (3,1). When p = (1, 3),
the adhesive layer is replaced by a piezoelectric material surface; when p = (3, 1), it is replaced by a material conductive
surface and a mechanical constraint. This constraint is of elastic pull-back type with a residual term stemming from the
electrical potential in the conductive surface. Actually, when p; =1, the adhesive layer is replaced by a material elastic surface
perfectly bonded to the adherents. When p; = 3, the material surface has a non-local elastic behavior since the electrical
potential can be eliminated; in the other cases, the material’s surface is a standard elastic membrane. When p; ranges
from 2 to 4, the adhesive layer is replaced by a mechanical constraint, which is perfect adhesion, elastic pull-back or free
separation. The elastic pull-back is nonlocal when p, = 1. When p, = 2, the electric potential vanishes, in the remaining
cases the limit surface is a linear elastic conductor.

The limit models for a thin piezoelectric layer embedded between two elastic adherents, through either two electroded
interfaces or one electroded and the other being impermeable, only differ when p = (1, 3). In all cases, there is a perfect
decoupling between Electricity and Mechanics. When the magnitude of the stiffness is of the order of the inverse of the
thickness, the adhesive is replaced by an elastic material membrane perfectly bonded to the adherents; when it is lesser,
the adhesive is replaced by a mechanical constraint, which is perfect adhesion, elastic pull-back, free separation according to
the magnitude of the stiffness. The limit surface is at a given potential ¢, when p € {3,4} x {1}, at a vanishing one in the
other cases. Actually, when p = (1, 3, 3), the memory of Electricity remains because piezoelectric and dielectric coefficients
enter the constitutive equations of the elastic membrane the adhesive layer reduces to.

Eventually, the previous method may work when the elastic and dielectric coefficients of the junction are of the same
order of magnitude with piezoelectric coefficients of lesser order. Obviously the conclusions of [1] remain but with b
replaced by 0, so that piezoelectric coupling disappears in the asymptotic models.
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