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Coatings are used for improvement the tribological properties of surface, partic-
ularly in cases of frictionally cooperative elements. Appropriate selection of the coat-
ings may cause decrease of the friction and reduction of thermal or chemical adverse
influence of environment.

The subject matter of the considered problem is homogeneous half-space with
inhomogeneous coating which contain gradient interlayer. Proper evaluation of the
strength characteristics of coating is impossible without the calculation of the stress
field caused by the contact pressure [1,2].

Considered half-space (Fig. 1.) is composed of homogeneous isotropic linear-
elastic half-space and double-layer coatings which contains homogeneous top coat
and gradient interlayer. The mechanical properties of the base and top coat were de-
scribed respectively by Young’s moduli £y and E,, and constant Poisson’s ratios vy
and . Interlayer’s mechanical properties are described by Poisson’s ratio vi(z) and
Young’s modulus E/(z), which are changing with distance to surface according to de-
termined dependence.
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Fig. 1. Scheme of the problem
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The surface is under normal p and tangential (7= fp, f — coefficient of friction)
loading applied in circular area 2. We assume that the distribution of the loading is
elliptical.

Solving the problem analytically we should solve the elasticity equations which
in case inhomogeneous interlayer is linear partial differential equations with variable
coefficients. Only in a few cases the analytical solutions of these equations can be
construct.

The problem is described by equations of the theory of elasticity [3], in terms of
displacements for top layer, interlayer and base. In gradient interlayer linear partial
differential equation with variable coefficients

(1-2v,) A" + grad divu” =0, i =0, 1, 2; (1)

which can be solved fulfil the boundary conditions:
- loading the surface of non-homogeneous body

o (x,y,z=h)=t (x,y)H(x,y), )
o\ (x,y,z=h)=0, (3)
" (x,y,z=h)=—p(x,y)H(x,»); (4)

- perfect contact between components of considered half-space
S R A ®
¢"(x,y,z=2)n=6"(x,y,z=2)n,i=0,1; ©)
- conditions in infinity
u(x,y,2) >0, ¥’ +y’ +z> > 00,i=0,1,2. (7)

where A = 0%/0x? . 8*/0y?, u) — dimensionless vector of displacement related to a pa-
rameter; 6" — stress tensor; indexes i = 0, 1, 2, characterize parameters and functions
respectively in base, in the interlayer and in the top layer; n = (0, 0, 1); H(x,y) —
Heaviside step function (H(x,y) = 1, when (x,y) € Q and H(x,y) = 0, when (x,y) ¢ Q).

Solving the problem analytically we should solve the elasticity equations which
in case inhomogeneous interlayer is linear partial differential equations with variable
coefficients [4]. Only in a few cases the analytical solutions of these equations can be
construct.

The solution of the boundary problem was constructed using the two-
dimensional integral Fourier transform, which is defined by the following equation:

fEnz)=F(f(xyz)x—>&y—>n)= i [ [£ G, 2)exp(=ixg —ivn)drdy (8)

—00—00

Using the integral Fourier transform partial differential equations was written as
ordinary differential equations. We can write the general solution which contain 15
unknown functions of integral Fourier transform parameters. These functions were
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obtained computing the results of the system of the linear equations formed through
fulfilment of the boundary conditions in a transform space. Using the inverse integral
Fourier transform the relationships between components of stress tensor were ob-
tained in two-dimensional integrals form.
We consider coatings (Fig. 2.) with homogeneous outer layer and:
o a) without interlayer

o b)interlayer Young’s modulus is constant
o c) interlayer Young’s modulus is changing by the power function
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Fig. 2. Change of the properties (Young modulus)

For analysis the following values were taken

Vo — V1(Z) = Vyr= 1/3,
Ez/E() =4,

f=0and f=0,25;
h/h=1/4,
h=h1+h2=0,40rh

©)
O
©)
©)
O

=0,8.

The stress distribution for various parameter was presented in Fig. 3.
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Fig. 3. Distribution of first principal stress oi/pmax in the xz plane 4 = 0.,8;
a) without interlayer, b) interlayer Young’s modulus is constant,
c¢) interlayer Young’s modulus is changing by the power function
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In considered coatings, like in homogeneous coatings, tensile stresses may most-
ly occur in two areas: in the unbiased surface of considered inhomogeneous half-
space and in the surroundings of boundary between coatings and base.At some me-
chanical properties the area of the tensile stresses was displaced from interface to in-
ternal zone of the coating. The tangential loading causes appreciable increase of level
of the tensile stresses in the surface z = A. In surroundings of boundary between coat-
ings and base the influence of friction is small. Occurrence of the interlayer and its
properties have significant influence on tensile stress distribution in considered medi-
um. The highest tensile stress at the interface between a coating and a base occurs in
cases without the interlayer.

For all of analysing coatings the tensile stress distribution in the external surface
was similar. For coatings of greater thickness stresses in the external surface have
smaller values. Occurrence of the gradient interlayer causes insignificant increase of
tensile stress in this surface.
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OIIPEJIEJIEHUE OCTATOYHBIX HAIIPSI)KEHUI
B IOKPLITHUAX ITPU IBYXCTOPOHHEM YIIPOYHEHUHA
HHPAMOYI'OJBbHOI'O CTEPKHA

Akynoeuu JIL.M., Mupanoeuu A.B.
VYupexnenue oOpazoBanus «benopycckuii rocyjapcTBEHHBIN arpapHblii TEXHUYE-
CKHIl yHHBepcuTeT», MuHck, Pecny6iuka benapych

B npouecce MarHuTHO-3J€KTPUYECKOT0 ynpouHeHus: (MOY) KoMIO3ULMOHHBIMH
dbeppomarautHbiMu TIoporkamu (OMII) mockux moBepxHOCTEH pabo4YnX OpPraHOB
MOYBOOOPa0ATHIBAIOLIMX MAIIMH (HAIIPUMEP, TMCKOB COLUTHUKOB) B CUCTEME MOKPHI-
THE-O0CHOBAa UMEIOT MecTO Bce Tpu Buaa HanpspkeHud (I, I u I poxa) [1, 2]. Ognako
OPUYMHON HApyIIEHUsI NPOYHOCTH MOKPBITUNA, MOSIBJEHUS MUKPOTPELIMH B HUX SB-
nsaroTces HanpsbkeHus [ poxa [3]. B ¢BA3M ¢ 3TuM paccMoTpuM HamnpspkeHus [ pona
o, » BOBHUKAIOIIIHME B MOKPBITUAX MTocie MDY,

Tak kak B npouecce MDY NIuTEeNbHOCTh BO3ICUCTBUS JIEKTPUUECKUX Pa3psiIOB
cocrapsieT 0koj10 107 ¢ [1], To TeMrepaTypHOE 110J1€ 1O IUPHHE CTePKHs (ocu X) u
B HalpaBJIICHUH OCH Z (PUCYHOK 1) MOXHO CUMTATh MOCTOSIHHBIM. M3MEeHEHHE TeM-
neparypbl OyieM paccMaTpuBaTh TOJIBKO MO BHICOTE CTEPIKHS B HANPABICHUU OCH Y.
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