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The problem of the distribution of contact stresses resulting from

the interaction between a journal and its bearing was considered in [1].

This paper deals with the problem of temperature distribution in the
area of contact of a rotating cylindrical shaft and a bearing, The pro-
cess is assumed to be stabilized,

The problem reduces to an integral equation with respect to the
contact temperature at the shaft surface.

An approximate method s proposed for solving the integral equa-
tion which had permitted the derivation of a simple approximate for-
mula for the contact temperature within any range of variation of the
parameters of this problem.

1. An infinitely long shaft rotates in its bearing [1] at a uniform
angular velocity w, The area of contact between the shaft and the
bearing is assumed to be a cylindrical rectangle with |z| = L/2 and
o] = 6,.

If q(©, z) are the normal contact stresses, f is the coefficient of
friction, R is the shaft radius, and ¢ is the heat equivalent of mechan-
ical work, the quantity of heat absorbed by the shaft is defined [2]
by the expression

Q = cowfRq (0, z).

Here o is the coefficient of heat distribution between the shaft and
the bearing. This coefficient is, stricily speaking, a function of the
comtact point (z, ), We consider it as constant.,

2. The boundary condition corresponding to the physical picture
(a given heat flux through the contact surface) in the contact region
is of the form
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Here, T is the shaft temperature and K is the coefficienr of the
shaft heat conductivity.

We assume that, in the region | 6| = 8, |z] = L/2, the heat
flux is absent, i.e.,

oT / or = 0, r=R. (2)
Heat exchange with the surrounding medium is assumed along the
part of the boundary where |z| > L/2:

vér/dr+ T =10, vy=K/H. (3)

Here, H is the heat wansfer coefficient of the shaft.
Temperature T is defined by the heat-transfer equation
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where n is the coefficient of thermal diffusiviry.
3. The thermal process is assumed to be stable, We introduce the
dimensionless parameters p, I, £, and the averaged temperature
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As the result, we obtain the following mixed boundary-value
problem with respect to the function u = u(§)
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Using the Fourler trapsformation, we reduce the boundary-value
problem (6), (7) to the equation
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An exact solution of Eq. (9) is not possible, The properties of its
solution, have, however, been the subject of detailed analysis [3],
It has been, in particular, established that, when the right-hand side
of Eq. (9) is a bounded function, its solution is also bounded,
4. We shall solve, instead of Eq, (9), a certain approximate equa=
tion derived by the substitution of an approximation for the exact kerpel.
We shall use the following approximate formula:
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o = 38.37, ¢, = T6.74, c; = 11.45. (1

The relative error of this approximation does not exceed 3% for
all values of the parameter n > 0, and for 0 < A = 0,8, (If one takes
into account that in the case of metallic shafis H/K ~ 0,1~-0.4 (in
m‘l), it becomes clear thart this range of A-variation comprises the
most significant range of shaft radii.)

Thus, the problem reduces to the solution of the integral equation
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It can be shown that, in the case considered here, the relative
error of solutions for Eqs. (9) and (12) is on the order of the error of
approximation (11),
Equation (12) was analyzed by Simonenko in [4]. Here its solution
is derived in a simpler manner based on the method presented in [3].
Using the results of [1], we assume the right-hand side of Eq. (12)
to be independent of x. Its unique solution may then be presented in
the form
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Here, Ay are unknown coefficients independent of x and are de~
termined from the system of algebraic equations
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where 1¢; and ig, are zeros of polynomial oy (cy + Aegt + ey
lying in the upper half-plane
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From (14), we find that
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The final expression for the averaged temperature in the contact
region is
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5. Let us consider the problem of contact temperature generated by
the rotation of a shaft in a polymer bearing [1]. In this problem X ~
~ 0,03, hence, formula (17) is substantially simplified. Expanding
coefficients A;, A,, and Ajin a series in A, and limiting rhese to
their first terms, we obtain
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Parameters G, A, v, and ¢ appearing in formula (18) have been
borrowed from [1] and denote, respectively, the following: the shear
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modulus of the bearing material, the bearing eccentricity, the Poisson
coefficient of the bearing material, and the relative thickness of the
polymer bearing,

Derived formula (18) is convenient for engineering calculations of
the contact temperature.
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