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Abstract. The paper deals with the solution of the contact problem for periodically placed
overlays and two identical prestressed strips.

The latter are caused by various reasons, such as technological operations performed during
the manufacture of materials or assembly of structures. In the case of composite materials, the initial
stresses usually correspond to the stresses along the reinforcing elements. In the earth's crust, they
are formed as a result of gravitational forces and tectonic processes. They must be taken into account
when solving problems of soil deformation (especially frozen soils). Elastic-plastic bodies may also
have internal residual stresses after the load is removed.

Keywords: contact characteristic, deformations, initial stresses, Hilbert kernel, incompressible
bodies, elastic potentials.

Introduction.

The relevance of contact problems involving the influence of initial stresses based
on the contact characteristic should not be in doubt, since initial stresses are present in
almost all structural elements and machine parts [1-3].

The study of contact problems in bodies with initial stresses is of particular
interest due to the introduction of new artificial materials that can withstand large initial
deformations [4]. Sometimes it is advisable to create initial stresses (residual and
technological) to compensate for the stresses that occur in structural elements, as well

as to increase the strength characteristics of structures [5-11].
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Problem statement.

Let two strips be made of the same compressible or incompressible material with
arbitrary structure potential and subjected to the same initial (residual) stresses. They
are connected to each other on finite segments [-a+2kl; a+2kl], (I>a, k=0+1,£2....) by

periodically placed elastic pads of small thickness h (Fig. 1).
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Figure 1 - Diagram showing the placement of overlays and acting forces, where
H is the thickness of the strips, 4 is the thickness of the overlays, E; is the
modulus of elasticity of the overlays, v; is Poisson's ratio, qo(y;) is the intensity of

horizontal periodic loading [4]

Due to the periodicity of the method used to solve the problem, the influence of
the initial stresses under each overlay is the same, so we will limit ourselves to
considering only one of them, for example, the overlay located on the segment [-a,a].

Taking into account the bending and tensile conditions of the overlay, we obtain:

Y1
du(y;) 1
= [ Re® - 0@l —a<n<a
—-a
Cow _ 0 Vy,e(—a<y, <a), (1)
dyi

Here, u(y;) and u(y,) are the displacements of the boundary points of the overlay.
Conditions for full contact:

u(y) = (1); vy = ux(y1); —a <y; <a. (2)

It is necessary to determine the distribution law of normal and tangential contact

stresses along the connection line.
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Solution to the problem.
If we take into account (2) and the displacement of the boundary points of the
strip in the contact region y;€[-a,a] at the boundary y,=0, then we obtain the well-

known system of integro-differential equations:

a

fh12 1 — t)‘](t)dt] = 0;

—-a

d = ah d
d_yl_ _'[ 11y — tDp(®)dt +

a

fh22(|3’1 - t|)Q(t)dt] =

—-a

d

d_yl = l_ja hy (1 — Bp(t)dt +

= (217 a@®dt — Q8O 3)
for —a <y, > a.

After substituting the values of the expressions /;(i,j=1,2) and performing a series

of transformations, introducing a new function X(t) = p(t) + i§(t) and performing
the substitution (t=En) 6 = % we obtain the following singular integral equation with

a Hilbert kernel:
5 5

8@+ [ xetg S an— [Ty (6 —mximan -
s &)
o) o) o)

~i [ Lo =Xy — [ Ly 6 = madn + 8, [ X = K] dn =
-5 ) -6
= i[3,0:(8) + AgJdt - £, (-6 < £ < &), )
With boundary condition

[ Xy dy == @)

We seek the solution to equation (3) in the form of a series of Jacobi functions:
o T nd 8
X(©) = w@) T % BF (ctg Stgd), 16l <o, 5)
(a'ﬁ) 6 _ é— (0 0] b . .
where {Pn (ctg; tg 5) n=0 — Jacobi polynomials orthogonal on the interval

[-0,0] with respect to weight
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L E 5= n s+ Ef 1 1
W(f)—secz(sm 2 ) (sm 2 ), a——E—Lal, ,B——§+La1,

al — In(3—4C44),

2n
c44 — parameter that determines the initial stress state in the strips.
We obtain a quasi-regular system of algebraic equations:
s DS X + DS Xy | = = [D + DS X, + D,(,f))?g], ©
(m=12..).
L, D,%,)n,D,(,i)nD,(,? ), D,(,% ), D,(,f ), (m = 1,2...) —known quantities that depend on the pre-
stressed state.

Numerical analysis was performed for two specific elastic potentials: harmonic

and Bartyenev-Khazanovich (Figs. 2 and 3).
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Figure 2 - Numerical analysis for harmonic elastic potentials

Author's development.
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Figure 3 - Numerical analysis for Bartyenev-Khazanovich potentials

Author's development.

Discussion of the results obtained.

In the absence of initial stresses, the results obtained coincide with the classical
ones (Figures 2 and 3, dashed line) [1].

When the initial stresses approach critical values (for the Bartyenev-Khazanovich
potential 1,7=37 where 4, is the elongation coefficient), surface instability occurs. In
other words, the results obtained are valid only for 4,>307,

Conclusions.

Based on the numerical calculations, the following conclusions can be drawn:

1. Initial stresses affect the basic contact characteristics. This effect is particularly
significant for incompressible bodies (Bartyenev-Khazanovich potential) compared to
compressible materials.

2. The authors have confirmed by analytical calculations that in the absence of
initial stresses, the dependencies of elastic potentials completely coincide with the

classical ones.
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3. When studying the analytical dependencies of approximations, it was found

that the results correspond to the conditions of stability at ;>3
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Anomayia. AxmyanoHicme KOHMAKMHUX 3a0a4 3 BPAXYBAHHAM GNIUBY HOYAMKOBUX
HanpyJ#CeHb HA OCHOBI KOHMAKMHOI XAPAKMePUCMUKU He NOBUHHA GUKIUKAMU CYMHIBI8 OCKIIbKU
NOYAMKOBI HANPYICEHHS € NPAKMUYHO 8 YCIX eleMeHmax KOHCmpyKkyiu i demanax mawun. Ocmani
3YMO6IeHI pISHUMU HPUYUHAMU, HANPUKIAO, MEXHONO02IYHUMU ONepayisimu, UKOHY8AHUMU NpU
BU2OMOBIEHHI Mamepianie, abo CKIAOAHHAM KOHCMPYKYIL. Y 8unaoky KoOMRO3UYIUHUX Mamepianie
NOYAMKOBI HANPYICEHHS, K NPABUTIO, 8ION0BIOAIOMb HANPYHCEHHAM Y3008MHC APMYIOUUX eleMeHmIs.
V 3emuiii Kopi 60HU YMBOPIOIOMbCA HACTIOOK Oii 2pasimayitinux cui i mekmouiunux npoyecie. Ix
HeoOXIOHO 8paxosysamu npu po3e sa3auHi 3a0a4 3 degopmayii pyrmis (0cobaueo samep3nux). ¥
NPYHCHO-NIACMUYHUX MINAX MAKOHC MONCYMb OYmu GHYMPIUIHI 3ANUWKOB] HANPYXHCEHHs NiCs
3HAmmsA Haganmasyicenns. Ocobnusy 3ayikagieHicms y 36 53Ky i3 3anpo8a0NCeHHIMU HA NPAKMUYL
HOBUX WIMYYHUX MAmMepianis, SAKi MOJCYMb eUMPUMYBAMU 8eIUKI NOYAMKO8I deghopmayii, GUKIUKAE
00CNIOJCEHHsT KOHMAKMHUX 3a0a4 Yy mMIinax 3 NoYyamkosumu HanpysxceHHamu. IHooi OdoyinvbHo
CmMeoprogamu  NOYAMKOBL HANPYIHCEHHS (3ANUUKOBT I MEXHON02IYHI) ONisl KOMneHcayii mux
HAnpyoJiceHv, SKI GUHUKAIOMb 8 eleMeHmax KOHCMPYKYil, a Mmakodc 0 NiOBUWEHH MIYHOCMmI
Xapaxkmepucmux KOHCmMpYKYii.

Ilpu 6uxionux ymosax 3adaui, Koau 08I cmyeu BUSOMOBIEHI 3 0OHAKOBO2O CHMUCIUBO20, ADO
HeCMuUCIu8020 mamepiany 3 NOMeHYIaloM O08INbHOI CMPYKmMypu 3 OOHAKOBUMU NOYAMKOSUMU
HanpysicenHsi 3'€OHani Misic coO00 HaA CKIHYEHHUX BIOPI3KAX, ABMOPAMU BUSHAYEHUL 3AKOH PO3NOOILY
HOPMANbHUX | MAH2EHYIANbHUX KOHMAKMHUX HANPYHCEHb 830084C NiHII 3'eOnanns. Po36’azasuiu
cucmemy iHmezpo-oupepenyiinux pieHsAHbL y 6uensaoi psady no @yukyiax AHxobi ompumyemo
MONCIUBICMb  NPOGECMU  YUCTOBUL  AHANI3 0N 080X KOHKPEMHUX NPYHCHUX NOMEHYIANis:
eapmoHiunozo i bBapmenesa-Xazanosuua. Takum 4uHOM Npu HAOIUNCEHHI 3HAYEHL NOYAMKOBUX
Hanpyicenb 00 KPUMUYHUX 3HAYeHb (0na nomenyiany bapmeneea-Xazanosuua 1/P=3"°, oe A
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Koeghiyienm no00BXHCEHHS) BUHUKAE NOBEPXHEBA HECMIUKICMb, MOOMO 00epIHCaHi pe3yibmamu
Maroms micye minoku o A/P>3707.

Knruoei cnosa: xonmakmua xapakmepucmuka, oegpopmayii, no4amro8i HanpytcerHs, s10po
Tinbbepma, necmucaugi mina, npys*cHi NOMeHyianu.
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