C. R. Mecanique 343 (2015) 18-26

Comptes Rendus Mecanique

Contents lists available at ScienceDirect

www.sciencedirect.com

Transient response of thermoelastic bodies linked by a thin @CmssMark
layer of low stiffness and high thermal resistivity

Réponse instationnaire de corps thermoélastiques liées par une couche
mince de faible rigidité et haute résistivité thermique

Christian Licht*":¢, Ahmed Ould Khaoua, Thibaut Weller ®*

2 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

¢ Centre of Excellence in Mathematics, CHE, Bangkok 10400, Thailand

d Departamento de Matemdticas, Universidad de los Andes, Cra 1 No 18A-12, Bogota, Colombia

ARTICLE INFO

ABSTRACT

Article history:

Received 7 July 2014

Accepted 10 September 2014
Available online 22 October 2014

Keywords:

Bonding problem
Linearized thermoelasticity
Dynamics

Evolution equations
m-Dissipative operators

Mots-clés :

Problémes de collage
Thermoélasticité linéarisée
Dynamique

Equations d’évolution
Opérateurs m-dissipatifs

We extend to the thermoelastic case the study [1] devoted to the dynamic response of
a structure made of two linearly elastic bodies linked by a thin soft adhesive linearly
elastic layer. Once again, a formulation in terms of an evolution equation in a Hilbert
space of possible states with finite energy makes it possible to identify the asymptotic
behavior, when some geometrical and thermomechanical parameters tend to their natural
limits, as the response of two bodies linked by a thermomechanical constraint. The genuine
thermomechanical coupling remains in the constraint law only for a specific relative
behavior of the parameters.

© 2014 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

RESUME

On étend au cas thermoélastique I'étude [1] consacrée a la réponse dynamique d'un
assemblage de deux corps linéairement élastiques liés par une couche adhésive linéaire-
ment élastique mince et molle. A nouveau, une formulation en terme d'équations
d’évolution dans un espace de Hilbert d’états possibles d’énergie finie permet d'identifier le
comportement asymptotique, lorsque des paramétres géométriques et thermomécaniques
tendent vers leurs limites naturelles, comme la réponse de I'assemblage des deux corps
par une liaison thermomécanique. Le couplage thermomécanique initial perdure dans la loi
de la liaison uniquement pour un comportement relatif particulier des parameétres.
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1. Introduction

Adhesively bonded joints are an attractive way to put together the components of a structure. As in several situations
thermal effects are not negligible, we extend a previous study [1] devoted to a linearly elastic material to the linearly ther-
moelastic case. Taking advantage of the coupling between mechanical and thermal effects, it is still possible to formulate the
problem of determining the transient response of a structure made of two linearly thermoelastic bodies perfectly connected
by a thin soft thermoelastic layer with high thermal resistivity in terms of an evolution equation in a Hilbert space of possi-
ble states (displacement, temperature, velocity) with finite energy. Hence it is possible to adopt the strategy of [1,2] in order
to, first, obtain existence and uniqueness results and, then, to study the asymptotic behavior when some geometrical and
thermomechanical data, now regarded as parameters, tend to their natural limits. The limit behavior which supports our
proposal of a simplified but accurate enough model for the initial physical situation, corresponds to the dynamic response
to the initial load of two linearly thermoelastic bodies connected by a thermomechanical constraint along the surface the
adhesive layer shrinks to. The structure of the constitutive equations of the constraint is similar to the one of the layer with
coefficients depending on the relative behaviors of the parameters but the thermomechanical coupling is maintained only
for a particular relative behavior.

2. Setting the problem

We consider a structure consisting of two thermoelastic bodies (adherents) bonded by a thin thermoelastic layer (ad-
hesive). The entire system occupies the domain £2 c R?® with a Lipschitz-continuous boundary 8£2. Let (I'M ,FlM) and
(ry, ) be two partitions of 32 with Ha(I)) > 0 and Ha(Ig") > 0, where H; is the two dimensional Hausdorff
measure. We denote the orthonormal canonical basis of R3?, assimilated to the physical Euclidean space, by {e1, ez, e3}
and for all (x1,xy,x3) in R3, X stands for (x1,xy). The intersection S of £ with {x3 = 0} is supposed to have a pos-
itive Hausdorff measure and it is also assumed that there exists g9 > 0 such that By, = {(X, x3) € §2; |x3] < &0} is
equal to S x (—&p, €0). Let &€ < &g, then the adhesive occupies the layer B., while each of the two adherents occupies
.Q;E :={xeR; £x3>¢} and let 2, = ;7 U 2, . Adherents and adhesive are assumed to be perfectly stuck together along
Se=SFUS;, Sgt :={x € 2; x3 = +¢}. The structure is clamped on /'Y, maintained at a uniform temperature Tg on I}/,
subjected to body forces of density f, to surface forces of density gy on FlM and to thermal flux g7 on FIT.

The whole structure is modeled as linearly thermoelastic in the following way. Let (p, 8, ¢, k,a) € L°(22; R x R x S3 x
$3 x Lin(§3)) satisfying

3(om, Bms km, am) € (0, +-00)*
PX) > pm, BX) > Pm, () >0, kKXE-E>KkmlE]?, VEeR3, (1)
a(x)e-ezamlelz, VeeS3, ae.xe 2

where S3 is the space of 3 x 3 symmetric matrices with the usual inner product and norm denoted by - and |- |, as in R3,
and Lin(S?) is the space of linear mapping from S> to S3. The mass density, the specific heat coefficient, the thermal
dilatation, the heat conductivity and the elasticity coefficients in the adherents are p, 8, o, k and a, respectively, while the
positive numbers p, B, &, K, A and p denote the mass density, the specific heat coefficient, the thermal dilatation, the heat
conductivity and the Lamé coefficients in the adhesive assumed to be isotropic and homogeneous. Thus problem (P}) of
determining the evolution of the assembly involves the quintuplet h = (¢, A, i, , y) of data where y = (31 + 2)&@ and
thereafter all the fields will be indexed by h. In the following, the upper dot denotes the differentiation with respect to
time t, e(u) is the linearized strain tensor associated with the displacement field u. Hence problem (P}) reads as:

,Oiih =divo, + f, Toﬂéh =divgy, — Toax - e(uh) in 2,

Op = a(e(uh) — 0]-,0(), qn=kV0, in 2,

P piip =divoy + f, ToB6p = divqy — Toy tre(ity) in B @)
op = Atre(up)ld + 2ue(uy) — yopld, qn =KV6O, in B,

ohv:gM onl“lM, qh-v:gT onl"]T, up=0 onFOM, 6h=0 onFOT

upx, 0 =ul®),  Upx, 0 =vix), O(x 0 =60(x), aexe

where up, 6y, o and qp are the fields of displacement, temperature increment with respect to Ty, the stress tensor and the
heat flux vector, respectively, while uﬁ, vg(x), 9,? are the initial conditions. The symbols Id and v refer to the 3 x 3 identity
matrix and the outward unitary normal to 952.

3. Existence and uniqueness result for (Pp)

Assuming that

(Hi: (f.gM.g") ec®!(10, T1; L?(2; R?)) x > ([0, T1; L>(I"; R?)) x €21 ([0, T); L2(1Y'))
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