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SummaryAn approximate analytical solution of the contaatipem of torsion by a flat stamp of an elastimgersely
isotropic half-space with inhomogeneous coatingléseloped. By using the integral transformation méphe solution of the
problem is reduced to solving an integral equatibernel’s transform of the integral equation is stwacted numerically using
method of modeling functions. Based on the estaddisimalytical properties, kernel transform is agjpnated by special analytic
expressions. Analytic solutions are constructedtese approximations of integral equations. firsved that constructed solutions
are asymptotically exact for small and big valubdimensionless geometric parameter of the problEme. effect of anisotropy and
inhomogeneity are studied separately for each coeyoof the shear modulus. Accuracy of the contgduapproximate analytical
solutions of the problem is analyzed.

A non-deformable circular indentor with flat base inflexibly coupled with upper bounti of elastic
inhomogeneous half-spa€e The half-space is connected with the cylindriyatem of coordinates ¢, z. Half-space
Q is assumed to be transversely-isotropic. The itmtecontacts with the half-space by the surfas®, <a. The
indentor is effected by torqud, whose axis coincides with the axis

Under the influence of this moment the indentot titn in relation to the axigon the angle, which compels
the torsion deformatiof2. Components of shear modul@s,, G,, of the half-space with the depth alternates urtiaer
laws:

Gr¢(z) -H<z<0 G¢Z(z) -H<z<0
e (-H) -—owo<z<-H Tz G¢Z(—H) —oo<z<—-H’

Outside the indentdr is not loaded. Under the made suggestions thedasyrconditions of the problem are:
T4 = 0 r>a
u =reg, r<a’
9
If r—o0 or z—-w0 the stresses vanishing. Suppose that displaceandrgtresses interface on the boundary of altemati

of inhomogeneity law:
z=-H, 1§ =19, uf) =uf?.

Here indeX® correspond to the coating, while mo‘@x:orrespond to substructure - homogeneous halfespac

z=0 0,= rrz—O{

It is required to determine the law of distributieihcontact tangential stresses under the indentor

T26| =0 =7_(r), r<a
as well as the connection between the applied &itjand the angle of torsion of the indentor.

Using integral transformation technique [1] theusioln of the problem is reduced to the solutiorimégral
equation:

1 [
[7(p)pdpf L )Jl(ur/rl)al(up/rl)du =AG,, Oe, r<1
0 0
Here1(p)=t,(pa); A=H/a — geometrical parameter of the problenfy) — kernel transform of integral equatioh(u)
— Bessel function of the first kind.
Generally, the value of the kernel's transfolufu) is constructed numerically, using a method of aeliog
functions [2].
If the transform of the kerné&l(u) has the view

N u?+ A? (1)
W= I_Ilu 2+B2

then, using the bilateral asymptotic method descriip work [3], we can construct the solution af firoblem:
N
+sCZ(r, Al/l'l)}, )

_4EGZ¢(O)£
o= o g e

whereC; are determined out of the system of the lineaglaigic equations.
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and

1
shAr | rShA—Aerh Atdt
S(lrr) r S(tvr)

S(t,r):\/ﬁj(ﬂ_\/tzj}

Z(r,A)=

-1
p(AB)=(Ach A+ BshA)[éBz - Azj .

Proved that constructed solution is exaét#0 or 1—oo.

We study the laws of the inhomogeneity 1-4, in Wwhame component of the shear modulus varies non-
monotonically, while the other is constant. Vanatiof the shear modulus components with depth dwsl1-4 are
shown in figuret.
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Fig. 1 Variation of the shear modulus componentk wépth for laws 1-4

To study the effect of anisotropy for each comporéthe shear modulus, the results are compartdtiae
case of an inhomogeneous isotropic coating.

Using numerical experiments we analyze the accurcgnstructed solutions. Results can also be eoetp
with the results of Grilitskii [4] for transverseigotropic elastic half-space.

For the first time the problem about torsion byiraudar indentor with a flat base of a homogenelai§-space
was solved by E. Reissner and H. F. Sagoci [5]d8oe I.N. in [1] reduces the problem to a dual gnié equation
using integral transformation technique. Torsioolbem for isotropic two-layered media was studigd3ilitskii V.D.
[4]. He gives the solution in the form of powerissrby 5, where ¢ is a ratio of first layer thickness to the indento
radius. Contact stresses and displacement und@rdbetor was also found. He also considered trsaio problem for
transversely isotropic half-space. Different foratidns of the torsion problem for inhomogeneous imedere
considered in the works [6]-[8].
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