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71. Alferov О.I., Doctor of Engineering, Professor, Ukrainian State University of Railway Transport
DISTRIBUTION OF THE NUMBER OF LOADINGS TO FAILURE OF MACHINE ELEMENTS

At a deterministic constant limit level of bearing capacity of the element, an integer number of random
in magnitude loadings before sudden failure has a discrete one-parameter geometric distribution with a
probability function of the following form
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where Rm - probability of failure-free operation; m - number of extreme loadings.
However, if the load carrying capacity of each element is a random variable fixed in time, the

distribution of the number of loadings to failure is not geometric under repeated random loading. This is
evidenced by the expression for the probability of failure-free operation (2), obtained under the assumption that
the load and load-carrying capacity are random and have a Weibull distribution or obey the Fréchet law [1, 2].
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where, K  - safety factor calculated from the average values of bearing capacity and load; b – distribution scale
parameter.

It is also assumed that bearing capacity and load are independent but similar random variables, i.e. they
have the same distribution law and the same coefficients of variation.

It makes sense to consider the distinguishing features of the geometric distribution from discrete
distributions of the number of loadings to failure, which correspond to the cases of distributions of similar
values of load and bearing capacity according to the Weibull and Fréchet laws.

If there is a Weibull distribution, the probability of failure at the first loading is as follows
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Substituting this value into (2) gives an expression for the probability of failure-free operation under t-
fold loading in the form of
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Using (4) we can obtain the probability function of the considered discrete distribution depending on
only one parameter 1Q :
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This function determines the probability of failure specifically at a given extreme loading and is a
discrete analogue of the distribution density of the number of loadings to failure.

The discrete distribution (5) is not found in known references [4] and in [3] this distribution is called
hypogeometric.

The probability function of the hypogeometric distribution (5) differs from the corresponding
characteristic of the geometric distribution [1, 2, 4] by the presence of a multiplier  
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small 1m  has a value less than unity, but with increasing т begins to exceed one and increase the probability
values mQ  compared to the geometric distribution.

An important characteristic of the hypogeometric distribution is the conditional distribution function
(risk function), which is defined as a ratio of
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This function allows for each successive t-th loading to determine the conditional probability of failure
of the object that, having withstood the preliminary m-1 loading, did not fail. As follows from (6), the risk
function of the hypogeometric distribution is a monotonically decreasing function of the number of loadings m
and thus fundamentally differs from the geometric distribution, which has m  constant 1Q . Reduction of the
risk of failures due to preloading in a number of cases justifies the expediency of using such a method of
ensuring the reliability of elements having random dispersion of bearing capacity.

Consequently, contrary to the previously accepted approach [4, 5], the use of geometric distribution
cannot be considered reasonable when predicting mechanical reliability by sudden failures under conditions of
random dispersion of the bearing capacity of elements.
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