CONTACT THERMAL CONDUCTIVITY OF COMPRESSIBLE
ROUGH SURFACES

V. 8. Novikov UDC 536.241,001

An analytical relationship connecting the thermal conductivity of elastic, elastic—plastic,
and plastic contacts of rough surfaces with the microgeometric and strength properties,
and also with the external mechanical load, is obtained.

An analytical relationship between the contact conductivity and the external load applied to rough sur-
faces was obtained in [1]. This relationship was based on the familiar premise that the contact of two
rough surfaces can be regarded as the contact of a smooth surface with a hypothetical rough surface for
which the variance of the projection height distribution is known. In the case of real compression the rough-
ness projections on both surfaces undergo deformation. We will show below how we can take into account
these joint deformations in finding the relationship o (P).

We consider the contact of rough surfaces on which the projections have tip radius R; and heights z;
relative to a reference plane M;, which conform, according to profilometric measurements, to a Gaussian
distribution f(zj)dz; with variance of and N; roughness projections per unit area of reference plane,

On application of the load and initial distance between M; , equal approximately to d* =~ Zt + Zg (z’-l|<
~ 401), is reduced by a value 6 =0} + 63 and becomes equal to d dy +d,. It follows from [2] that

8, = 3 1 _”t’_p?ﬂ (_I_Rl + Rz) ,
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It is known that the thermal conductivity of a single contact spot is
— -1
o, = L arctg a) , A= by . (2)
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Since the contact spots can be regarded as uniformly distributed, thenr = (1/ 2)v1/n, The number n depends
on the clearance between the surfaces if the latter are conjugate-cylindrical, or on the external mechanical
load applied to the surfaces if these surfaces are flat. This number is found from the following considera-
tions. If the rough surface withi =1 is compressed by a smooth surface, the number of contact spots is

n=

) dz,, d;= 2; —6:. (3)
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However, since the surface with i =2 is also rough, to obtain n we have to multiply expression (3) by the
probability that the projections of the surface with i =1 meet the projections of the surface i =2, This
probability is equal to the relative actual area of contact of the surface with i = 2 when its highest roughness
projections undergo a deformation 6’2" due to a smooth surface, whence

2
n=n, s' a5 f (z,) dzs. 4
A
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For an elastic contact of a spherical projection with a smooth surface a, = VRy(2z,~d,) and, hence, after

calculations
1 ‘n d (5)
- l/ 5 R, N, erfe ( V2_lo )

d; 3
Aizoiexp<~ 2(;2 )——l/ derfc(]/ 5o )

where erfex = 1 —&(x), and &(x) is the probahility integral.

=

T he thermal conductivity of unit area of a nominal contact surface, which is the integral sum of the
conductivities via individual contact spots, is also found by taking into account the above considerations,
i.e.,

.
2 2

= g 5 2, R, (25— d) [ (2)) [ (25) deydz,. 6)

d; d,

1t follows from [2] that the radius e in expression (2) for an elastic contact is

/ —_
=y RIRfZRZ (@ —d) + (& — )], (7)

and, hence, using the inequality r > a we find from (8), after calculations, that
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Taking the statistical properties of the contact into account we can express the mechanical load in
terms of the deformations of the microprojections. Using relationship (1) we find that for an elastic con-
tact

_ 1 l/ 1Ry “RR, g‘ o (2, — do) [ (2,) dz, j‘ (Zl —d, + 2, — P2 [ (7)) dzy,

whence it follows that

R, RiRy, .
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An additional relationship between d, and d,, obtained from the condition of mutuality of the stresses at
contact [2], has the form

E, E,
( l___ul ) VZ 10‘114 = ( — ) Vz 20'2 (10)

The contact thermal conductivity, with due allowance for the radiative heat transfer and the inter-
vening medium, isgiven by o =a + (1-eXap + ozi). The relative actual area of contact ¢ in this expres-
sion is the integral sum of the areas of the individual contact spots., For an elastic contact

g NN, A4,4,. (11)

el = (1+)R+R

For a plastic contact « is V2 times greater than the value given by expression (8), and epl is twice as great
as gg]. According to the well-known Bowden and Tabor relationship the load applied to the plastic contact
is
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P ' 1 RiRs N.N,A.AH (12)
plzn( +'\’)m 1iVeydall.

In all the calculations given above we took into account that the properties of the Gaussian distribution
allow the upper limit of integration z’{ to be replaced by infinity.

Thus, we have obtained analytical relationships E(di, dy) and P(dy, dy) which, as distinct from [1], con-
tain the strength and microgeometric characteristics of the two contacting surfaces. It is obvious that this
is equivalent to finding the relationship @{P). The dependences of o, P, and € on d, and d, for elastic
—plastic contact are given by relationships of the type ¢ = (1—8) eg] + ﬁapl. The plasticity coefficient g is

given in [1].

NOTATION

is the contact thermal conductivity;

is the external mechanical load;

are the radius of tip, height, and maximum height of roughness projections;

are the number of roughness projections and number of confact spots per unit area of reference
plane;’ .

is the subscript denoting contacting surfaces;

is the standard deviation of projection heights;

are the modulus of elasticity and Poisson's ratio for material of projection;

are the load on projection and its deformation;

is the deformation of highest roughness projections (maximum deformation);

are the radii of contact spot and region of compression;

is the effective thermal conductivity of contact zone;

is the radius of contact spot in case of compression of roughness projection of i-th surface by
smooth surface;!

is the relative actual contact area;

is the heat transfer coefficient of intervening medium;

is the radiative heat transfer coefficient;

is the hardness of less hard surface.
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