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CONFORMAL CONTACT BETWEEN A PUNCH AND A LAYERWITH THIN COATING

A.V. Manzhirov and K.E. Kazakov
Ingtitute for Problems in Medhanics of the Russan Academy of Sciences, Moscow, Russa

Consider conformal contad between adoulde layered founcition and arigid purch in the case
of plane strain. The foundhtion consists of a viscoelastic aging layer of arbitrary thickness H and a
thin viscoelastic aging coating o variable thicknessh(x) whaose surfacefollows a mmplex surface
of the purch. The lower border of the founditionis in the state of smocth or ided contad with the
underlying rigid base (smoacth or ided contad is achieved between the layers). Suppce that, start-
ing from an instant 7, the smoath rigid purch with a complex shape of its wurfaceis indented into
the conformal surfaceof the aoated viscoelastic layer with force P(t) applied with eccentricity e(t).
The mntad region is independent of time, and the contad line length is 2a. The viscoelastic coat-
ing o variable thicknessis produced at an instant 1 < 77 and hanogeneously ages thenceforth.
The lower viscoelastic layer of arbitrary thicknessis produced at an instant 7, < 7, and aso ages
homogeneously.

For the problem stated abowe, the mixed integral equation and the alditional condtionsin the
plane-strain case have theform [1] (¢ > 7p)
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Here, q(z,t) is contad pressure under the purch; M(t) = e(t)P(¢) is the moment of the goplied
force P(t); E1(t) and Ey(t) are instant elastic strain moddi of the coating and the lower layer, re-
spedively; 7, and , are the instants at which the mating and the lower layer are prodwced; 6 is a
dimensionless coefficient that depends on the properties of the mntad between the mating and the
lower layer; T istheidentity operator; V. (k = 1, 2) are Volterraintegral operators with tensile aeep
kernels K (¢, 7); F isaFredhdm integral operator with a known kernel of the plane contad prob-
lem, kn[(x — &)/ H] [1,2]; 6(¢) isthe purch settlement and «(¢) isitstilt angle. Note that conformal
contad is ageneralizaion d interadion between bodes with plane surfaces.

Given the goplied force and the eccatricity, it is regquired to determine the contad presure
under the purch, its sttlement, anditstilt angle.

A solution o equation (1) with the additional condtions (2) can be found bya generalized
projedion method wsed for solving mixed integral equations [3—6]. The structure of the solution for
contad presaures has the form

oz, t) = ﬁ[zo(t)Po(x) +aP(2) + .. ],

where z;(¢) isafunction d time ¢, and P, (z) are poynomias of some speda form (k =0, 1, ...).
Thus, it is possble to have an explicit dependence of the solution onthe ating thickness h(z).
This fad alows us to find effedive analyticd solutions for bases with coatings whose thicknessis
spedfied by functions of a complex structure, in particular, rapidly oscill ating functions. In such
situations, effedive analyticd solutions can hardly be found by dher known methods. It shoud be
noted that in the case under consideration, contad presaires, the settlement, and the tilt angle of
the punch are propartional to the indenting force This property is observed only in solutions of the
conformal contad problem.
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Figure. Contad presaures for P(t)/a = 1N/m?, e(t) = 0 at the initial instant for different surfaceprofiles.

The settlement and the tilt angle of the purch are dso oltained in terms of explicit analytic
formulas. Obviously, for the constant force and moment, the settlement and the tilt angle tend to
some asymptotic values.

Figure represents numericd results for two cases of coated bases: (a) the mating thicknessis
described by an oscill ating function; (b) the red surfaceprofile is given as determined from experi-
mental data. It can be seen that the solutions obtained abowe take into acourt al spedfic feaures of
the surfaceprofile.

A similar problem can be formulated in the axisymmetric case, and its lutioncan be obtained
by the same method
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