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Background. The level of reliability in existing 
operation conditions, as well as its desired value 
determined by general transport tasks and conditions 
of safety, have a special meaning in organization, and 
choice of rational parameters of maintenance and 
repair system. Axle equipment is one of important 
nodes in the car’s design, due to the failure of which 
more than half of all failures in rail transport occur. 
However, studies have shown that the efficiency of 
the use of information about axle box failures remains 
low, despite the implementation of electronic net­
working technologies.

The development of a probabilistic model of axle 
box reliability, to which we refer distribution law of time 
between failures, and determination of its parameters 
based on collected statistical information can be a 
basis for modeling and forecasting failures [1], justi­
fying calculation of parameters of car’s maintenance 
and repair system.

Now in the railway network system of centralized 
number­specific accounting of freight cars is func­
tioning, on the basis of which MCC of JSC «Russian 
Railways» in real time monitors technical condition of 
each car. From all over the service range of the net­
work statistical information is collected on all identified 
faults, including axle boxes. This information may be 
material for a probabilistic model of axle box reliabil­
ity. Methods of its obtaining include several funda­
mentally important stages. It is necessary to justify a 
form of distribution law of life length to failure (failure 
model), to determine a standard plan for testing reli­
ability and its parameters, to obtain statistical informa­
tion (sample), to process experimental results and to 
provide point estimates of model’s parameters, to 
verify their quality.

Objective. The objective of the author is to dem­
onstrate construction of a probabilistic model, which 
can be applied for assessment of axle box reliability.

Methods. The author uses general scientific 
methods, probability theory, mathematical statistics 
methods, simulation, evaluation approach.

Results.
Selection of axle box failure model
A study [2] by constructing an axle box fault tree 

contains a generalized expression of distribution law 
of axle box life length to failure. However, now col­
lected statistical information is not sufficient for its 
reproduction. However, there is a fairly large list of 
classical reliability laws used in the simulation of fail­
ures of various structural elements. Each of them has 
a certain specificity and scope.

For example, the exponential law describes pat­
terns of sudden failure occurrence during normal 
operation [1], that is, those failures that have no ex­

ternal signs of approaching an inoperable state. Axle 
box failure is not sudden, in addition, there is an indi­
rect sign of failure – increase in the operating tem­
perature of an axle box. Another frequently used law 
is the law of normal distribution. It is assumed that all 
factors that influence the appearance of a device’s 
failure are independent, and none of them is domi­
nant. But this property cannot be used for character­
izing factors affecting the axle box transition in inoper­
able state [2].

In [3] there is a justification of the fact that axle 
box life length to failure is distributed according to 
Weibull – Gnedenko law:
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where а and b are respectively parameters of scale 
and form.

This law is universal and generalized, since for 
certain values of parameters it is «transformed» into 
other described theoretical laws.

Plan of reliability tests
Such a plan is rules under which primary statisti­

cal information is collected. Violation of these rules 
does not allow correctly applying the methods of 
probability theory and mathematical statistics. The 
plan defines a sample size, a criterion of experiment’s 
end and how to deal with a failed node. The experi­
ment is simultaneously the start of monitoring over 
multiple identical items (to be exact – which are in the 
same state).

It should be noted that existing information tech­
nology, using database that collects and stores infor­
mation about detected failures of cars in operation, 
allows organizing experiments based on the informa­
tion archive that is retrospective information. Thanks 
to them, it is possible to start tracking similar objects, 
produced at various times, believing that monitoring 
over them started simultaneously. On the basis of 
collected statistical data an experiment is possible 
according to a standard plan of reliability tests of the 
type [NUT]. As an example, our direct experiment 
included cars, produced in 2005­2007 at one of do­
mestic car­building factories. The number of cars in 
experiment N (sample size) is 22888. The duration of 
observation Т is selected considering the fact that the 
car during the experiment must not get into the first 
post­construction depot repair, in which wheel sets 
with axle boxes can be replaced. The minimum pe­
riod for the selected object is 20 months.

Receiving statistical information
Axle box failure is the event consisting in the 

transition of a car into a faulty state (in uncoupling) by 
heat or shear of axle box. The detection of axle box 
failure by car inspectors is executed in a prescribed 
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manner and transmitted to an information center via 
communication form 1353 with a car fault code 150 
or 151, respectively (according to the current classi­
fier of freight cars faults). Since the most critical ele­
ments of the car’s design, which include axle box, 
highly reliable products, and their failures have a direct 
impact on traffic safety, the resulting sample is incom­
plete and heavily censored. This is an important fea­
ture of the model for the failure of critical parts and 
units [4]. According to the gathered statistical infor­
mation in the sample there are 927 life lengths to 
failure and almost 22 thous. of failure­free life lengths. 
An example of an ordered series of life length of result­
ing sample is shown in Table 1.

The mathematical processing of experimental 
results

At this stage, it is necessary to determine point 
estimates of parameters of the previously selected 
model of failure а and b. To find them, we use a 
maximum likelihood method, which allows us to get 
effective, unbiased, consistent estimates. The likeli­
hood function for a incomplete sample is as follows:
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 is expression of distribution 

density of life length to failure, corresponding to the 
selected model (1); m is a number of life length to 

failure; n is a number of failure­free life length; 
jtF  is 

a distribution function of life length to failure, 
expression (1).

After the procedure for searching the extremes 
of the maximum likelihood function, we obtain an 
expression for determining point estimates of the 
parameters а and b:
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From the expression (4) it is not possible to obtain 
a point estimate of the parameter b in explicit form. 
For this we use the most intuitive graphical method. 
Denoting in the expression (4), the left side as f

1
, the 

right side as f
2
, we construct graphs of these functions 

(Pic. 1). At the point of intersection of the graphs the 
value of the estimate of the parameter b is deter­
mined.

Thus, the value of the point estimate of the pa­
rameter b we take as 1,68.

Substituting the obtained value in (3), we obtain 
the value of the point estimate of the scale parameter:

a = 133,3 months ≈  11,1 years
That is, we obtain a theoretical distribution func­

tion of time to failure – the required model (an expres­
sion of the law of distribution of life length of the car 
to failure):
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Quality check of point estimates
To confirm the hypothesis that the resulting failure 

model (5) describes the obtained sample it is neces­
sary to check the consistency of the theoretical dis­
tribution function (5) and the experimental curve 
(empirical function). Verification will be carried out 
using Kolmogorov criterion. For this it is required to 
determine the maximum difference between theo­
retical and empirical functions and to compare it to 
the maximum permissible value. By using Johnson 
function based on an ordered series (Table 1) were 
obtained ordinates of empirical function:
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 is auxiliary factor; ν is a 

number of elements in the sample; in determining r
1 

the value of r
0
 =0.

To confirm the validity of the proximity hypothesis 
of received theoretical distribution law of axle box life 
length to failure and function F

д
 using Kolmogorov 

fitting criterion it is required to check conditions:

if D n tα⋅ < – the hypothesis of the distribution of 

operating time to failure of the axle box according to 
Weibull­Gnedenko law does not contradict experi­
mental data;

if D n tα⋅ > –the difference between theoretical 

and empirical distributions should be recognized es­
sential: the hypothesis of the distribution of operating 
time to failure of the axle box according to Weibull­
Gnedenko law contradicts experimental data. Here 
D is the maximum difference between values   of theo­
retical and empirical distribution functions of the time 

Table 1
An example of an ordered series of life length

Through index l Index of life length to 
failure i

Life-length to failure 
iτ , months

Index of failure-free 
life length j

Failure- free life 
length t

j,
 months

1 1 2,4 - -

2 2 3,5 - -

3 3 4,8 - -

…… . …… . . …… . - -

927 927 19,97 - -

928 - - 1 20

929 - - 2 20

930 - - 3 20

…… . …… . . …… . . …… . …… .

22888 - - 21961 20
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Pic. 1. Determination of point 
estimate of the shape parameter 
of the distribution law of Weibull-

Gnedenko for axle box.

Pic.2. Comparison of theoretical and 
empirical distributions of life length 

of axle box to failure.
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Pic. 1. Determination of point estimate of the shape parameter of the 

distribution law of Weibull-Gnedenko for axle box. 
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in determining r1 the value of r0 =0. 
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As can be seen from the graphs of functions (Pic. 2), the largest difference 

between theoretical and empirical distribution is achieved at the point-10 months and 

is D = 0,00298. 
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to failure; n is sample size; tα is quantile of the distri­

bution of Kolmogorov­level α.
As can be seen from the graphs of functions (Pic. 

2), the largest difference between theoretical and 
empirical distribution is achieved at the point­10 
months and is D = 0,00298.

The corresponding value of distribution quintile 

at a error significance level of 5% is tα = 1.44. There­

fore it is possible with a probability of not less than 
95% assume that the chosen theoretical distribution 
law of axle box life length to failure does not contradict 
experimental data [1].

Conclusions. These point estimates of param­
eters of the law of distribution of time to axle box 
failure can be used to solve practical problems, failure 
modeling, simulation and statistical modeling, as well 
as assessing the impact of reliability indices of axle 
box on parameters of system of maintenance and 
repair of freight cars. In addition, the present tech­
nique can be a basis for a centralized automated 
system for assessing reliability and safety of struc­
tural elements of car structures at the stage of direct 
intended use of cars which allows more efficient use 
of existing information system of monitoring the tech­
nical condition of rolling stock fleet.
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