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Abstract. In the article, within the framework of the lineanzed theory of
elasteity, the law of influence of imntal (residual) stresses on the distnbution of
contact stresses 1 an elastic strip remforced by penodically placed elastic rectangular
overlays investigated. The study camed out in general for large (finite) imbal
deformations in the case of elastic potentials of an arbitrary structure.

Keywords: contact problems, lineanzed elastcity theory, iminal (residual)
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Introductions. In the article, within the framework of the lineanzed theory of
elastcity, the law of influence of mmnal (resadual) stresses on the distnbution of
contact stresses mn an elastic strip remforced by periodically placed elastic rectangular
overlays 15 investigated. The study was camed out in general for large (fimte) matal
deformations in the case of elastic potentials of an arbitrary structure.

The studies carred out and published in this article are of sigmfcant natwnal
ecconomic importance. Which consist in the development of a methodology for taking
into account the regulanitbes of the nfluence of mitial (residual) deformations on the

law of distnibutoen of contact forces with an assessment of the need to ake into
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account these effects m engineenng calculatons when calculating the latter for
strength. This problem 15 especially acute now, when it 18 necessary to improve the
reliability of machines in varwous branches of modern industry with a simultaneous
reduction in therr matenal consumption and the conservation of energy resources for
therr manufacture.

Improving the rehability and durability of engimeening structures and machines
15 one of the most urgent tasks of modemn construction and mechanical engineerning.
Its successful solution largely facilitated by extensive scientific research m the field
of mechames of a ngid deformed body, 1in particular in the study of the problem of
load transfer in structures and machine parts. The emergence of new maternials, the
need o increase operational structures and machines, reduce therr weight, increase
therr service hife, reduce cost and achieve economic compatibality - all this depends
on the calculation methods.

Aim. Invesugation of the mfluence of imtial (residual) stresses on the law of
distnbution of contact stresses along the contact hne supported by elastic face hnngs.

Materials and methods. The study of the distnbution of contact siresses along
the contact segments of penodically placed elastic overlays with an elastic 1sotropic
half-plane and a stnp in the classical theory of elasticity 15 devoted to the works of
AN. Guz, in the case of the lineanzed theory of elasticity — the works of
V.5, Sargsyan, V.B. Rudnytsky, M.M. Dikhtiaruk, and others.

The problem of transferring an arbitranly distnbuted load (Fig. 1) from
perodically placed thin overlays to an elastic stnp with imitial stresses pinched by one

face 15 considered.
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The solution of the problem reduced to the solution of a singular integro
differential equation with a Hilbert kemnel. which can represented as the sum of two
nuclci: a special part and a regular part [1, 2]

The desired solution is presented in the form of a series on Jacobi polynomials,
and to determine the unknown coefficients of the series, a quasi-regular infinite

system of algebraic equations is obtained [3, 4]
X, +Z[PUR, + PAX, = [POR, + POX, 4+ PO+ RPI] (m=12..).
=i

Based on calculations, graphs given that characterize the influence of initial
stresses in the contact area of periodically placed linings (Fig. 2).
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Fig. 2

These figures illustrate the effect of imtial (residual) stresses in an elastic strip
on the law of distribution of contact stresses under penodically placed overlays from
the action of tangential force g,(y, )=Q, for dimensionless quantities.

The graphs show the location of curves for the value of the parameter
A =13 L2 LELE0.9:08:0.7 — which characterizes the initial (residual) stress-strain
state. The value 4, =1 corresponds to the elastic band without initial (residual)
stresses and represented on the graphs by a dotted line, 1.¢e. the value of contact
stresses for a similar problem solved within the framework of the classical theory of
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elasnety [5).

It follows from the graphs that the regulanty of the mfluence of iniial stresses
in the elastic band on the distnbution of contact tangential stresses sigmificantly
depends on the structure of the elastic potential in the latter. Imtial stresses have a
significant gquantiative mnfluence m highly elastic matenals compared to rigid ones,
and the gqualitative effect is the same. When (4, <1) compressed, contact stresses
decrease, and in the case of tension {,-ll = l]l, they mcrease. This result can used
effectively 1o adjust contact forces in strength analysis of structures.

Conclusions. In this work, the theory of contact interaction of elastic overlays
of fimite length with an elastic stnp further developed, taking into account the mmnal
(residual) stresses. Within the framework of the lneanzed theory of elastaty, the
problems of contact mmteraction of an elastic strp with mitial (residual) stresses
supported by elastic curve overlays formulated, in a general form for the theory of
large (fimie) and two variants of small imnial (residual) deformations in the case of an
arbitrary  structure of elastic potential. The basic singular integro-differential
equations of the class of problems under consideration obtamned, the solutiom of

which presented in the form of quasi-regular infimite svstems of algebrae equations.
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