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ABSTRACT

The majority of publications devoted to thermal stressed state of laminated structures deal with
deformation of structures under steady temperature conditions or dynamic temperature fields with
prescribed distribution through the thickness [1].

The hypothesis about a piecewise-linear temperature distribution through the thickness of a laminated
package is often applied [2]. However, the non-stationary character of a problem requires a more exact
description of the temperature field obtained directly from solution of a heat conduction equation [3-5].

A method for calculation of nonstationary thermal fields in a multilayer glazing of vehicles under the
effect of impulse film heat sources is offered. The multilayer glazing is considered as a multilayer plate
with complex shape made up of isotropic layers with constant thickness. The temperature on the side
surface of the plate is zero. Convective heat transfer occurs on outer surfaces of the plate; on layers'
interfaces film heat sources are arranged.

The heat conduction equation for an arbitrary plate layer after the Laplace transformation on time is
reduced to the functional equation. In the same way initial and boundary conditions are transformed. A
solution of the functional equation we search in the form of three space functions product. That enables
us to get the system of ordinary differential equations. We represent the system solution as double
trigonometrical series taking into account boundary conditions on the plate side surface.

Series expansion factors are determined from a system of linear algebraic equations which is formed of
boundary conditions on outer surfaces and layers' interfaces. The system right member contains factors
of expansion of interlayer film heat source functions. After determination of factors a transform of the
required function is found by the second expansion theorem, and the problem solution has the form of
double trigonometrical series.

Deformation of the plate is considered on the basis of the refined theory of the first-order accounting
transverse shear strains in each layer. The thermal elastic equilibrium equations and the boundary
conditions on the contour are obtained using Lagrange's variation principle. The problem solution is
obtained by the embedding method [6]. According to the method, the complex-shape plate is virtually
embedded within an auxiliary enveloping multilayer simply supported plate of rectangular planform
shape with the same composition of layers. An auxiliary plate is one whose contour shape and boundary
conditions yield a simple analytical solution. The system of general equations is integrated by expansion
into Taylor series.
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As an example, we investigated thermal fields and stresses in five-layer aircraft elements under heating
by the film heat source. The heat source has the rectangular form. It is arranged between the first and
the second layers of the glazing element. The stresses in glazing layers are determined under the action
of heat fields obtained by solving the nonstationary heat conduction problem. The results were validated
by comparison with test data [7].

The method offered can be used for designing a safe multilayer glazing of transport vehicles and
different composite structures [8-14] under operational and emergency thermal loads.
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