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Abstract. Failures of axle boxes of freight cars due to poor-quality repair and maintenance can
be reduced by applying diagnostic methods and tools. Therefore, the study carried out a study
of the influence of diagnostics of axle boxes of freight cars on traffic safety of the railway
transport. To reduce the magnitude of risks arising from failures of axle box units of freight
cars, it is proposed to use vibration diagnostics during maintenance and repair, and to exclude
the human factor, it is proposed to completely eliminate the operator's influence on the
conclusions of the diagnostic process. Also, a method for assessing the risks arising from
failures of axle boxes of freight cars was developed. The presented method for assessing of
traffic safety the railway transport allows you to determine and predict risks. Vibration
diagnostics allows reducing the risks arising from failures of axle boxes of freight cars, thereby
increasing the level of traffic safety up to 3.7 times. In this regard, it can be argued that the use
of vibration diagnostics during the maintenance and repair of axle boxes of freight cars makes
it possible to reduce the threats to human life and possible harmful environmental
consequences on the railway transport.

1. Introduction

The railway transport is of great importance in the implementation of the process of transporting
goods and passengers. At the same time, in the process of transportation there are risks associated with
failures of technical and transport vehicles, as well as risks associated with the human factor. The
emerging risks have an impact on the state of railway traffic safety. A successful solution to the
problem of ensuring the required level of traffic safety on the railway transport largely depends on the
technical condition and reliability of the car fleet, since the number of freight cars is the largest among
all technical means intended for the carriage of goods. The reliability and technical condition of freight
cars depends on the quality of the repair and maintenance performed. Therefore, traffic safety of the
railway transport can be assessed by the risks of possible failures of freight cars. To ensure low risk
values during the operation of freight cars, it is necessary to perform high-quality repairs and
maintenance by developing new diagnostic tools.
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2. The relevance, scientific significance of the issue with a brief review of the literature
Information on failures of elements of freight cars that occur during operation is a set of statistical
data. Failure analysis is provided in such data. Using the available information on failures of elements
of freight cars, it can be argued that the largest number of failures is associated with axle boxes. The
analysis of axle box unit failures made it possible to establish that all failures are associated with poor-
quality repair and maintenance, the process of which is significantly influenced by the human factor.
To reduce the risks that can be admitted during the repair and maintenance of freight cars, it is
necessary to develop a method for diagnosing axle boxes and calculating risks for assessing traffic
safety on the railway transport.

In [1], [2], [3], methods for analyzing a fault tree for assessing traffic safety are presented. Such
techniques are used to improve the efficiency of railway maintenance and reduce risks. Several
methods in [4], [5], [6] present improved fault tree analysis techniques for decision making,.

In [7], [8], [9], [10] risk models for assessing traffic safety are presented. Works [7], [8] are based
on accident scenarios taking into account the human factor. Experts are involved in [9], [10]. In [11],
[12], traffic safety is associated with the processes of the maintenance system of the elements of the
transport system.

In [13], [14] a system for identifying risks in the railway transport is given. In [15], [16], the
probability of railway failures is used to evaluate traffic safety. In [17], the operational reliability
method was used to assess traffic safety. In [18], railway power supply systems are considered critical
for traffic safety of the transport system. Risk analysis [19] made it possible to use stochastic methods
for assessing traffic safety. In [20], risk assessment methods and the possibility of improving traffic
safety during the design, operation and maintenance of railway vehicles are presented. Particular
attention is paid to the design of freight cars and their impact on traffic safety. In works [13], [21]
traffic safety is described using risk matrix with predefined values in the transport chains.

3. Statement of the problem

With the growth of freight traffic in the railway transport, the issue of assessing traffic safety remains
open. The existing methods for assessing traffic safety do not take into account the influence of the
processes of diagnostics of axle boxes of freight cars during maintenance and repair on possible risks
arising from failures in operation. Therefore, it is necessary to investigate the influence of diagnostics
of axle boxes of freight cars on traffic safety of the railway transport and develop a method for
assessing the risks arising from failures of axle boxes of freight cars.

4. The theoretical part
In the maintenance and repair of freight cars, the main method that takes into account the reliability of
human performance can be given by constructing a probability (or outcome) tree. The use of such a
method assumes a certain conditional probability associated with the successful or erroneous
performance of a certain technological operation by an employee of the maintenance and repair of
freight cars, or the probability associated with the occurrence of a corresponding event. In this case,
the result of any event will be represented by branches or links of the probability tree. It is possible to
calculate the total probability of successfully completing a certain task of maintenance and repair of
freight cars by summing certain probabilities that will be known for the end point (in case of a
successful result) on the probability tree. In such a method, factors can be taken into account, with
some clarifications, for example: stress caused by a lack of time; load, which determines the need for
decision-making and their implementation in various non-standard situations; emotional stress and the
like.

It should be noted that the use of this method can provide good clarity, and the mathematical
calculations associated with it are quite simple, which also leads to a decrease in the likelihood of
errors that may occur during the calculation.
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In addition, this method makes it possible to assess the conditional probability of performing
maintenance and repair work on axle boxes of freight cars, which can be obtained only on the basis of
solutions of complex equations of an uncertain nature.

Let us designate the fulfillment of the task by an employee for the maintenance and repair of axle
boxes of freight cars with the existing technology as x, and for the technical condition Y. It is known
that an employee can complete a task correctly or incorrectly. That is, the tasks they perform
incorrectly - these will be errors that appear in a certain situation.

In this case, you can build a tree of possible outcomes and come to a determination of the overall
probability of incorrect performance of the task. Then, it is necessary to base on statistically
independent probabilities of performing the task of maintenance and repair of axle boxes of freight
cars X, Y.

Let us write down the formula for the probability of successful completion of the assigned task for
the maintenance and repair of axle boxes of freight cars:

P, =P,(1-R)P,, (1)

P, , the probability of successful completion of the assigned task for the maintenance and repair of
axle boxes of freight cars;
R, , the probability of an error being made by human fact;

P, , the probability of successful completion of the assigned task for the maintenance and repair of

freight cars.
The formula for the probability of failure to fulfill the task for the maintenance and repair of
axleboxes of freight cars P-, which will correspond to the risks arising from failures R, is written in

the following form:
R=P-=1-R(1-R)PR,. 2

From the above formulas (1), (2), we can conclude that the only way to successfully complete the
complex task of maintenance and repair of freight cars, which consists in the successful completion of
tasks X,y and reducing the human factor.

Failures of axle boxes of freight cars due to poor-quality repair and maintenance can be reduced by
applying diagnostic methods and tools. In this work, it is proposed to use vibration characteristics for
diagnostics of axle boxes of freight cars. Moreover, to eliminate the human factor, it is proposed to
completely eliminate the operator's influence on the conclusions of the diagnostic process. In this
regard, the risk arising from failures of axle boxes of freight cars, taking into account the use of
vibration diagnostics (B, =0), will be calculated by the formula:

R=1-PpP,. 3)

On the basis of formulas (2), (3), we construct the dependences of the risks arising from refusals on
the probability of fulfilling the assigned task for the maintenance and repair of axle boxes of freight
cars (Fig. 1).

Taking into account the dependence of the risks arising from failures of axle boxes of freight cars,
we present practical results and compare them with theoretical values.
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Figure 1. Dependences of risks arising from failures of axle boxes of freight cars on the
probability of fulfilling the assigned task of maintenance and repair: 1 - B, =01; 2 -

P, =02;3-P,=03;4-PF,=04;5-R,=0

5. Practical relevance, suggestions and implementation results, experimental research results
Let us present the practical results of the distribution of the axlebox unit failures of freight cars with
the usual technology of maintenance and repair and with the use of vibration diagnostics (Fig. 2).

The given values of the axle box failures of freight cars in operation with the usual maintenance
and repair technology (1) and with the use of vibration diagnostics (2) in comparison with theoretical
values (Fig. 1) have deviations in values not exceeding 8%. This indicates a good convergence of
theoretical and experimental data on the risks of failure of axle boxes of freight cars.

The practical value of the developed method for determining the risks arising from failures of axle
boxes of freight cars lies in the possibility of assessing the safety of railway transport. In addition, to
reduce the risks arising from failures of axle boxes of freight cars, it is proposed to use vibration
diagnostics during maintenance and repair. As a result, a decrease in the risks arising from failures of
axle boxes of freight cars by 1.1...3.7 times was obtained.
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Figure 2. Distribution of failures of axle boxes of freight cars in
operation with conventional maintenance and repair technology (1)
and using vibration diagnostics (2).

6. Conclusions

The paper investigates the influence of diagnostics of axle boxes of freight cars on traffic safety of the
railway transport. Also, a method for assessing the risks arising from failures of axle boxes of freight
cars was developed. The presented method for assessing the safety of the railway transport allows you
to determine and predict risks. To reduce the magnitude of risks arising from failures of axle boxes of
freight cars, it is proposed to use vibration diagnostics during maintenance and repair. Vibration
diagnostics allows reducing the risks arising from failures of axle boxes of freight cars, thereby
increasing the level of traffic safety up to 3.7 times. In this regard, it can be argued that the use of
vibration diagnostics during the maintenance and repair of axle boxes of freight cars makes it possible
to reduce the threats to human life and possible harmful environmental consequences on railway
transport.

7. References

[1] Peng, Zhaoguang & Lu, Yu & Miller, Alice & Johnson, Chris & Zhao, Tingdi 2016 Risk
Assessment of Railway Transportation Systems using Timed Fault Trees Quality and Reliability
Engineering 32 181-194

[2] Bartlett L M, Du S 2005 New progressive variable ordering for binary decision diagram
analysis of fault trees Quality and Reliability Engineering International 21(4) 413-425



International science and technology conference "Earth science" IOP Publishing

IOP Conf. Series: Earth and Environmental Science 666 (2021) 052051  doi:10.1088/1755-1315/666/5/052051

[3]
[4]

[5]
[6]
[7]
[8]
[9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]
[17]
[18]

[19]

[20]

[21]

Ruud M Houdijk 2016 Rail Transport of Hazardous Substances from the Perspective of ‘All
Hazard’ Risk Management Chemical engineering transactions Vol 48 949-954

Mo Y, Zhong F, Liu H, Yang Q, Cui G 2013 Efficient ordering heuristics in binary decision
diagram-based fault tree analysis Quality and ReliabilityEngineering International 29(3) 307-
315

Huang H-Z, Zhang H, Li Y 2012 A new ordering method of basic events in fault tree analysis
Quality and Reliability Engineering International 28(3) 297-305

Remenyte-Prescott R, Andrews J D 2009 An efficient real-time method of analysis for non-
coherent fault trees Quality and Reliability Engineeringlnternational 25(2) 129-150

Bohus Leitner 2017 A General Model for Railway Systems Risk Assessment with the Use of
Railway Accident Scenarios Analysis Procedia Engineering 187 150-159

Habib Hadj-Mabrouk 2019 Contribution of Artificial Intelligence to Risk Assessment of
Railway Accidents Urban Rail Transit Vol 5 Issue 2 pp 104-122

Figueres Esteban M, Hughes P, Gulijk C 2016 Big Data for Risk Analysis: the future of safe
railways XIlI Congreso de ingenieria del transporte 7, 8 y 9 de Junio, Valencia (Espafa)
Editorial Universitat Politécnica de Valéncia 347-353

Min An, Wanchang Lin, Sheng Huang 2013 An Intelligent Railway Safety Risk Assessment
Support System for Railway Operation and Maintenance Analysis The Open Transportation
Journal 7 27-42

Piotr Smoczynski, Adam Kadzinski 2016 Introduction to the risk management in the
maintenance of railway tracks Journal of mechanical and transport engineering Vol 68 4 65-80
Commission Implementing Regulation (EU) No 402/2013 of 30 April 2013 on the common
safety method for risk evaluation and assessment and repealing Regulation (EC) No 352/2009
Ana Staznik, Darko Babi¢, Ivona Bajor 2017 Identification and analysis of risks in transport
chains Journal of Applied Engineering Science 15 1 414 61-70

Lingaitis L P, Mjamlin S, Baranovsky D, Jastremskas V 2012 Prediction methodology of
durability of locomotives diesel engines Maintenance and Reliability 14(2) 154-159

Jamshidi A, Faghih-Roohi S, Hajizadeh S, Nufiez A, Babuska R, Dollevoet R, Li Z & Schutter
B D A Big Data Analysis Approach for Rail Failure Risk Assessment Risk Analysis vol 37 8 pp
1495-1507

Gandomi A, Haider M 2015 Beyond the hype: big data concepts, methods, and analytics
International Journal of Information Management 35(2) 137-144

Lingaitis L P, Mjamlin S, Baranovsky D, Jastremskas V 2012 Experimental Investigations on
Operational Reliability of Diesel Locomotyves Engines Maintenance and Reliability 14(1) 5-10
Oz M A, Kaymakct O T, Koyun A 2017 A safety related perspective for the power supply
systems in railway industry Maintenance and Reliability 19(1) 114-120

Licciardello R, Baldassarra A, Vitali P, Tieri A, Cruciani M & Vasile A N 2013 Limits and
opportunities of risk analysis application in railway systems Transactions on The Built
Environment Vol 134 133-144

Grenc¢ik J, Roman Poprocky, Jana Gallikova and Peter Volna 2018 Use of risk assessment
methods in maintenance for more reliable rolling stock operation MATEC Web of Conferences
157 04002

Berrado, Abdelaziz 2011 A Framework for Risk Management in Railway Sector: Application to
Road-Rail Level Crossings The Open Transportation Journal 5 34-44



