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CONTACT PROBLEM WITH THE FRICTIONAL HEATING FOR A
HALF-SPACE AND A PUNCH WITH BOUNDARY
RECTANGULAR-SHAPE WAVINESS

1. Introduction. The contact problem for an elastic half-space and the
rigid punch having the profile of periodically distributed rectangular waviness
was considered in [4]. Recently [3] we studied the contact with frictional heat-
ing of bodies with the boundary parabolic waviness. In this work we consider
the following contact problem. The rigid thermoinsulated punch is pressed to

the thermoelastic half-space y <0 and slides with the constant velocity V in z-

axis direction (Fig. 1). It is assumed that the punch has the profile of rectan-

gular waviness with the period L and the contact occurs on the region
k=+o

= U (ay,b,). The friction forces o,, which have place in the contact area
Je=-c0

are described by Amonton’s law. Moreover, these forces produce the heat

which conducts into the half-space only. Outside the contact region the

Newton’s. type of heat exchange is allowed. The problem is considered as

planar.

Fig. 1.

2. System of integral equations of the problem. Main idea in the con-
struction of integral equations of the problem under consideration is that the
contact pressure, heat flux, temperature are the very same in all contact re-

gions (ay,by), k=-oo,...,+0, or to be more exact, all fields in the half-space
are L-periodic functions. Under this assumption it is possible to write the in-
tegral equations on the simple contact region (a;,b,;). This approach, proposed
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in [4], was applied in [3] to the boundary problems of thermoelasticity. The
system of integral equations of problem formulated above has the form [3]
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where v, y, K, 8, h are, respectively, Poisson’s ratio, shear module, thermal
conductivity, thermal distortion and radiation coefficient of the half-space;
p(x)is contact pressure, T(x) is temperature of the half-space boundary; f is

friction coefficient; P is load applied within one period; g(x) is the function
describing the waviness geometry, which is equal g(x)=const for rectangu-
lar-shape waviness. Kernels of these integral equations have the forms
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Introducing dimensionless variables and functions
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the system (1)—(3) can be rewritten in the dimensionless form
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1
[p'mar =1, (7)

-1
where kernels G’ (), M(), N '(-) are some dimensionless functions.

3. Numerical solution of the system of integral equations. The integral
equation (5) is of the Cauchy-type with the index equal to 1. In this case the
distribution of contact pressure can be written as

P& =0 /N1-s2, (8)

where @(s) is a new unknown function. The integral equation (6) is of the

Fredholm-type of second kind with the weakly-singular kernel. So the
temperature will be consider of the class of limited functions.

Using the Gauss-Chebyshev quadrature formulae [2] and rectangular
quadrature, the system (5)—(7) can be transformed to the system of linear al-
gebraic equations
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where 7, =cos T, wy = —, 1k E
n

3m=cosﬂn, ;R e R pk=~—1+-1-(21c—~1), g O
n n

Ay = 2ﬂ_+ . _l - [sinzMXL—sinM, km=1,..,n;
nABi (3 j(2nj + A Bi) A A
X, =@2m-2k+1)/n, Xo=(2m-2k-1)/n, km=1l...1n.

The system of 2n equations (9) is closed for 2n unknowns ¢(r.), T"(p;),
T I

4. Results. There are following input parameters of the problem: Biot’s
coefficient Bi, dimensionless period A and parameter B which can be consid-
ered as a frictional heating ratio. The numerical calculations showed that the
Biot’s coefficient has not effects on the contact pressure distribution but has
the great influence on the contact temperature. Analyzing the effects of the
parameters A and B on the contact pressure, some interesting results were
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obtained. For some values of these parameters the function ¢(s)changes the
sign for s = *1. This can be treated as a perturbation of the contact at corner
points of the punch. The values of A and B for which the contact in points
s=11 is lost are placed above the solid line in Fig. 2. Below this line the
contact in the region |s| <1 is full For A — « the well-known result B.,=1.16

[1] for critical value of the frictional heating ratio in the single punch problem

was approached.
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Fig. 2.
It is clear that the perturbations of the contact have place for small

values of the period A (ie. for a «dense» waviness) and for great values of the
ratio B (i.e. for high speed V, great friction coefficient f, etc., See (4)).
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Boxogumup Iayx

KOHTAKTHA 3AJIAYA 3 TEILVIOYTBOPEHHAM JJId INIBIIPOCTOPY
3 NPAMOKYTHO XBHUJIACTOIO IOBEPXHEID

Hocaidocerno xormaxmuy 63aemodito NPYHHOZ0 MENAONPosidH0z0 NIENPOCTNOPY Mma
HCOPCMKOZ0 MENA0I304506AH020 PYTOMO20 wmamna. Beaxaemses, wo ocrosa wmamna
mae dopmy npamoxymnoi nepioduunoi xreuascmocmi. Baamo do yeazu seuuse eudiren-
HA Mmenaa énacaiforx mepmsa mia. Jlas pose’asysanns 3a0aui euUKOPUCTNAHO MEMOD CUH-
QYAAPHUT THMEZPANLHUX PieHANDL. JJocai0deHO 6nate NOoGePIHEs0l CMPYKMYPU Wmam-
na xa po3a’a3oxn 3adaui.
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