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Propagation and diffraction of thermo-elastic waves in a piecewise homogeneous strip composed
of isotropic materials with different mechanical properties are investigated. One of the surfaces of
the structure is subjected to thermal and mechanical shock. It is assumed that the velocity of heat
propagation is finite. The equations of coupled thermo-elasticity and conditions of the solutions
conjugation for the layers contact are adduced. The problem is solved numerically using the
method of characteristics. The calculation results for a homogeneous strip are in good agreement
with those obtained by other methods. The phenomena of reflection and transmission of thermo-
elastic waves at the interface between layers are analyzed.
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Introduction

Currently, there is a growing number of published
articles and books, which generalize the theory of
elasticity and plasticity for non-isothermal
deformations [1, 2]. In particular, this is due to
important problems arising in the development of
new composite structures, operating in conditions of
high-speed transient thermo-mechanical loads, when
it is necessary to take into account coupling between
fields of strain and temperature fields. Thermo-elastic
stresses in composite materials can cause cracking,
delamination, decrease of stiffness, and thin-walled
components of multilayer structures result in thermal
bulging.

Objective

To assess the strength and the bearing capacity of
geometrically and physically non-homogeneous
multilayer structures it is necessary to establish

methods of calculation, allowing to carry out numerical
experiments to identify areas most disposed to damage.

Formulation of the Problem

The object of the study is two linearly elastic
anisotropic rigidly fastened together layers of
thicknesses #, and h, with different mechanical
properties (fig. 1). Normal intensity compressive forces
P, are applied to the surface x =0 and simultaneously
heat flow g =—q is supplied, where g is the heat flux
density in the direction of outer normal to the surface
x=0 of domain x>0 . It is assumed that the surfaces

of the two-layer strip x=0 and x=x, are thermally
insulated, and that the final speed of heat propagation
is finite. For this task, the system of one-dimensional
coupled increments of thermo-elasticity, valid for
the same order of thermal and elastic deformations
in the dimensionless notation has the form:
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Coupling of dimensionless and dimensional
quantities is carried out according to formulas:

rzczt/l; E=ct/l; =\+2w)/p; ®=a(l-Tp);
o=6,(1-2V)/E; ¢} =1; 2 =c*1V; Vi=alty;
a=Xxy/(cp).

Coefficient of connection is

.o (Br+2w)’aT, _(+v) a’ET, '
A+2we,  (1-v)(1-2v)c,

Where ¢ is time; o, is stress; 7,7, are current
and initial temperatures correspondingly; T, is

relaxation time of heat flux [3, 4]; A, are Lame

coefficients; v is Poisson coefficient; £ is modulus
of elasticity; p is density; ¢ is a velocity of longitudinal
wave propagation; o is coefficient of thermal
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Fig. 1. Two-layer strip effected by thermo-mechanical
shock
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conductivity; / = A, + h, is thickness of layer.

The unknown quantities and parameters relevant
to mechanical properties of a certain domain 1 or 2
(fig. 1) in what follows will be marked by the inferior

index i (i=1,2) if necessary.

This problem is reduced to solving the system of
equations (1), (2), and coupling ¢ and 0, with the
initial
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boundary mechanical

o=-p,f(1) at £=0; 6=0 at E=1 (4
and boundary thermal conditions
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Here f(r) and ¢(t) are specified laws of loading

change. In addition, the consistency conditions at the
boundary interface of two domains 1 and 2 are taken

into account for =5, /1:
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Solution Methods

The system of hyperbolic equations (1), (2) is
solved numerically using the method of characteristics
[5—7]. The equations of the characteristics and the
relations on them have the form:

0
along a—f =t¢; =1 the relation is performed
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along P =*c, the relation is performed
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For the calculations in domains 1 and 2 the grid
formed by the family of characteristics d€ /dt = *1

2}) is constructed. In

(it is assumed ¢ = max{c €

fact it is necessary, as the other characteristic lines
have a steeper slope. For computing the unknowns
in the internal nodes of the grid and on the boundary
a standard procedure is used [5—6]. The solution at
the contact points of the two domains is constructed

as follows [7]. Formally, a point belonging to the line

x=h, /1 is considered as consisting of two points,

one of which belongs to domain 1, and the other —
to the domain 2. When the point belongs to the
domain 1, integration along characteristics passing
outside the domain 1 is excluded. On the other hand,
this point belongs to the domain 2, and it is dealt
with similarly as in the previous case. Obtained
equations are complemented with the conditions of
the contact (6).

The results of calculations

To check the operation of a computer system the
problem for asemi-infinite homogeneous strip

(0<E <) with the initial conditions (3) and the
boundary conditions (4) is solved, (5) at ¢(t)=0

I mpu 0<t<1,

f(f)=H(T)—H(T—T1)={

0 nmpu t>1,.

Cases of mechanical shock effect only and thermal
shock effect only have also been considered. When
calculating the time integration step is assumed to

be equal to At=0,01, value 1, =0,03. The results of

calculations for the layer of steel and a layer of a
polymer material (butyral resin), mechanical and
thermal properties of which are given in [3] are in
good agreement with the results of [3, 4]. For a two-
layer structure of the considered materials the load

is specified in the form f(t)=1/exp(t), and

¢(t) =0 .The dimensionless width of the first layer
is equal to 0.5, and the second — 0.125. Coefficients

are ¢, =0,0114, ¢, =0,482.

For t,=10"[c] velocity is ¢, =0,03. The stress
distribution along atwo-layer strip thickness at the
time instants t=0,5, t=0,75 and t=1,0 is adduced

in fig. 2. The figure shows that the head portion of
the compression wave when passing through the

interface &=0,5 is partially reflected and propagated
at t>0,5 in the first layer as a tensile wave.

Conclusions

As expected, the domain of components interface
of heterogeneous strip is most prone to damage,as
close to the surface of the connection of structure
components the thermo-elastic stress waves during
reflection of diffraction experience the finite
discontinuity and become tension waves.

The proposed method of calculation enables to
conduct the computational experiments. By varying
the geometric and mechanical parameters it is possible
in a variety of loads to achieve smoothing of thermal
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Fig. 2. Distribution of stresses along the strip thickness at

different time instants

stress surges in the area of components connection of
multilayer structures.
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MacTtunoscekuii [O. B. Tepmonpyxni XBuJi y 1Bomaposiii cMy3i, CKJI1aieHO1 3 pi3HOpiqHUX

Marepiajis

Llocaidocyemncst po3noecrodiceHHs ma Ougpaxyis mepmonpyICHUX X6Uab Y KycK080-00HODIOHil
cmy3i, CKAAOeHOoI i3 [30MmPOnHUX Mamepianié 3 pisHOMAHIMHUMU MEXAHIYHUMU 8AACTMUBOCHAMU.
O0dHa 3 nosepxorb KOHCMPYKUii 3a3Hae 0iro mepmiuH020 ma mexaniynoeo yoapie. Ilpunyckaemo-
¢, Wo weudKicms po3noecrodiceHHss menaa ckinuenna. Haeoosmuocs piensanus 36 s3anoi mepmo-
NPYJICHOCMI Ma YMO8U CHPAdNCEHHS 8 00aacmi KOHMAKmy cmye. 3a0aua po36 ’a3yemucs YUCeAbHO
3 GUKOpUCMAHHAM Memody xapakmepucmuk. Pezyabmamu pospaxynkie das 00HOpidHOI cmyeu
dobpe y3200xcyromucs 3 gidomumu, ki Oyau ompumani iHwumu memooamu. AHanizyiomocs 16u-
wa 8iobumms ma nPoxX00NCeHHs. MEPMORPYICHUX X6UAb HA Medici PO30ineHHs wapie.

Karouoei caosa: mepmonpychi xeuni, HanpysiceHHs,, WeUOKiCMb, Memoo XapaKmepucmux.

Mactunosckuii 10.B. Tepmoynpyrue BoIHBI B ABYXCJIOHO# 1OJIOCE, COCTABJIEHHOM U3 pa3-

HOPOJHBIX MATEPHAJIOB

Hccnedyemes pacnpocmpanenue u ou@paxuyus mepmoynpyeux 604H 8 KyCcO4HO-00HOPOOHOU
noaoce, COCMAGACHHOU U3 U30MPONHBIX MAMEPUAN08 C PAIMUMHBIMU MEXAHUYECKUMU CEOUICMBAMU.
O0Ha u3 nosepxHocmetl KOHCMPYKUUY nodgepeaemcs 0elicmeuio mepmu1ecKo0 U MeXanu4ecKo2o
yaapos. [Ipeonosaeaemes, umo ckopocms pacnpocmpanenus menaa kKoweuna. I[lpusodsmes ypaes-
HeHUs. C8A3AHHOIU MEPMOYAPY2OCMU U YCAOBUS CONPANCCHUS PeuleHuil é obaacmu KoOHmakma
cnoes. 3adava peuiaemcs YUCAEHHO C NPpUMeHeHuem memooa xapakmepucmuk. Pezyaivmamoi
pacuemog 045 00HOPOOHOU NOAOCHL XOPOULO CO2AACYIOMCS C U3BECMHbIMU, NOAYYEHHbIMU OPYSUMU
Memooamu. AHAAUBUPYIOMCS AGACHUS OMPAJICCHUS U NPOXONCOCHU MEPMOYNPY2UX B0AH HA 2Pa-

Huye pazdena croes.

Karouesvie caosa: mepmoynpyeaue 604HbL, HANPANCEHUS, CKOPOCMb, MEMO0 XAPAKMEPUCMUK.
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