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Mechanics

Impact of Two Moving Stamps on the Stressed State of an
Elastic Half-Plane
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ABSTRACT. Stress-deformed state of an elastic orthotropic half-plane is studied for the case when two rigid
stamps, moving with constant velocity, press the boundary. The frictional force between the stamp and the elastic
body is ignored. © 2007 Bull. Georg. Natl. Acad. Sci.

Key words: tensor components, moving stamp.

Let us consider a problem when a piece-wise orthotropic body occupies a lower half-plane (y<0) and two stamps
moving with constant velocity, press on it. We have to define the stressed state of the body. To do this we must
determine the stress tensor components satisfying differential equations of motion [1], zero conditions

u(x,y,0)=v(x,y,0)=0,
T, (x,y,0)=0.(x,y,0)=0,(x,y,0)=0

and the following boundary conditions

(T’W)‘y:o =0, -0 <X <™
[@j = [ (xX)+const, xelL,. M
&),

(3,)yeo =0, x€ Ly, k=12.
Here
Ly =[a;,h]U[a,,b,],
Ly =(=0,a,]Ulby:a, |U[b,:);

L=L+L,,
<x<bh
£ () = {fl (x). ap =x=0p,
Jo(x), a, <x<b,.

where f|(x) and f,(x) are basis equations of the first and second stamps respectively.
Let us transform the variables & = x—cr, 7=y, then the problem, set by us, will be reduced to the finding of

the two analytic functions /,(x) and F,(x) on the lower half-plane [2], which on the boundary satisfy the conditions
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1, [al() +bF7 ()] =0, —00 <& <+,
2nRe[ F{(£) +17(5)] =0, Eel,, o
2, N+ OF D= [(©. Sel k=12

If we assume that
’ . aF(E) +bE ()] =

then the first formula from (2) will be satisfied.
Pz Thus, without loss of generality, we can write

7 aF2)

200 Fé’(z)]:—T_ (3)

If we consider the last formula in (2) and introduce a
function F(z) = i F{'(z) , which will be continuously pro-

150 | longed on the upper half-plane in such a way that val-
ues of functions coincide on the unloaded part of the
boundary, then for F(z) we get the following problem.
We have to find a piece-wise analytic function £(z), which
is continuously prolonged at all points of the boundary,
possibly, except of the points a,, a,, b,, b,, but nearby it

satisfies the condition [3]:

const
| F(z)|< - const = <1,

lz-c ; |
and on the boundary it satisfies the condition

v bR _
2|0 - Re[F (z)]y:0 = 2n(b 0 el k=12,

. ,, @
Figure L F" ()], = fel,.

Denote F(z)=V, +iU,, if provided that

V, =ReF(z) = %[F(z) +%] . U =1,F(z)= %[F(z) +%] )

then conditions (4) give

v _ 1 bf}
PO @=L el o

FYEO+F (=0, el k=12

The solution of (5) will be written in the following form:

1 bﬂg(Z)f fk(f)df 4G

F)=- ,
&= S wb—a) leOE-n 2@

©

where

g(2)=z—a)(z-b)z-a,)(z-b,).

Note that under g(z) we suppose that branch which is unique on the plane, cut along L, so that g2z >1

when z — oo In (6) formula p(z) =c¢,z +c, the constants ¢, and ¢, must be determined from the following condi-
tion [4]:
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by by
[©),0ds=pi: [(0,),0d¢ = ps. ©)

9 a

The analysis of the result obtained shows that boundary problems for an orthotropic body, similarly to an
isotropic body, will be reduced to the determination of two analytic functions with mixed boundary conditions. The
difference is in coefficients characterizing the anisotropy.

The Figure shows the tangential stress distribution diagrams in contact area for different intervals of time.
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