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COUPLED DYNAMICS THERMO VISCOELASTIC PROBLEM

S. A. Lychev
SamaraStateUniversity, Dept.of ContinuumMechanics,Samara, Russia

In thepresentstudyaclosedsolutionof coupleddynamicsthermoviscoelasticproblemfor finite
bodyis obtained.Thesolutionis of theform of spectralexpansionto thebiorthogonaleigenfunction
systemof non-self-adjoineddifferentialpencil,generatedby theinitial–boundaryvalueproblemun-
der consideration.The representationof spectralexpansionis obtainedby specialnon-symmetrical
integral transformation[1,2].

Considerthe coupledequations ofviscoelasticmotion andheatconductionin cylindrical co-
ordinatesystem(r, ϕ, z):
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whereinf = (−Xr,−Xϕ,−Xz,−ω) is prescribedvector-function,definedby volumetricforceand
heatsourcesintensity, E is identityoperator, L1, . . .L3 arethefollowing differentialoperators:
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K, µ aretheelasticmodulus;γ, η arethethermomechanicalconstants;κ is thethermalconductivity
coefficient,ρ is thedensity, µ′ is theviscositymodulus.

TheboundaryconditionsD arearbitraryon lateralareaand havesomerestrictionsonendfaces
(to admittheseparationof variables,see[3]):
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valuesaredefinedby initial distributionsof temperature,displacementsandvelocities.
The obtainedsolutionsof problem(1), (2) are of the form of spectralexpansions basedon

completebiorthogonalsetsof eigenfunctions (andperforceassociatedfunctions),correspondingto
theconjugatepairsof matrix operatorpencilsLν , L∗
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HereA∗

i
areconjugate toAi differentialoperators,definedin thedomainD∗, thatdefinedby

boundaryoperatorB∗:
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Thecoefficientsof expansionsreferredto astransformsone canobtainby applyingdirect inte-
gral transformationto (1), resultingin the reductioninitial boundaryvalueproblemto thesequence
of initial problemsfor ODEsin imagespace[1,2]. It enableus torepresentthesolutionof (1), (2) as
follows:
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, ẏ0〉

)

exp(νit)+

+

t
∫

0

〈f(τ),k∗

i
〉 exp

(

νi(t − τ)
)

dτ

]

kiQ
−1

i
.

Onecanfoundki, k
∗

i
by solvingthecoupledsetof boundaryeigenvalueproblems:

Lνk = 0 (k ∈ D), L∗

ν
k
∗ = 0 (k∗ ∈ D∗).

In equation(3)Qν is thenormalizingmatrixandνi (i = 1, . . . ,∞) aretheelementsof pencildiscrete
spectrum.Theconstructiblerepresentationof normalizingmatrixQν andtheexactmethodfor eval-
uation ofcorrespondingquadraturesaredescribedin [4, 5]. Note,thatbiorthogonalrelations[3] here
arein theform
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It is importantto note,that, unlike well-known transformationtechnique (Laplacetransform,
etc.),thatusesnumericalapproachfor inversion,proposedmethodadmitto obtainsolution inclosed
analyticalform andto develop effective algorithmic realizationof computersimulation. It usabil-
ity for the analysisof the non-stationary, high frequency loadingson several particularexamplesis
elucidated[1–4].
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