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The article reveals the peculiarities of the importance of
research work on determining the cause and effect
relationships of failures of the functioning of structural
components of railway rolling stock can hardly be
overestimated due to their multifaceted role in ensuring
the safety, efficiency and economy of railway
transportation. These studies are critical to improving
traffic safety, as failures of structural elements can lead
to catastrophic consequences, including human
casualties and significant material damage. Cause-and-
effect analysis allows for the development of effective
methods to prevent such failures, minimising the risk of
accidents. From the perspective of operational efficiency,
research into the causes of failures helps to optimise
maintenance and repair processes, reducing downtime
and increasing the reliability of rolling stock, which in
turn contributes to the smooth movement of goods and
passengers, increasing the economic efficiency of rail
transport. Particular attention is paid to the analysis of
physical and mechanical factors related to the metal
manufacturing process and operational factors, such as
corrosion damage.

In addition, research and development plays a key role in
reducing operating costs, as predicting and preventing
failures reduces the amount of repair work and overall
maintenance costs. Research also contributes to
extending the service life of rolling stock by identifying
weaknesses in design and materials, which allows for the
development of measures to strengthen and improve
them. An important aspect is the introduction of new
technologies, such as remote monitoring systems and
non-destructive diagnostics, which allow potential
failures to be detected at an early stage, increasing safety
and efficiency. Finally, research into the causes of
failures helps to reduce the risk of environmental
disasters, especially when transporting hazardous goods,
ensuring the environmental safety of rail transport. It is

proved that research and development is an integral part
of ensuring the safety, efficiency and economy of railway
transport.

Keywords: Transport,  freight  transportation,
automation, reliability, rolling stock, traffic safety, cause
and effect relationships.

Introduction. Ukraine's railway industry
accounts for 75% of the country's total cargo
turnover. According to operational data, in 2024,
Ukrzaliznytsia transported 174.93 million tons of
cargo, which is 17.9% more than in 2023, and in
2021 - 314 million tons. The fleet of freight cars
used for transportation includes more than 120
thousand cars. At the same time, the average level
of depreciation of Ukrzaliznytsia's fleet remains
critical at 90%. In particular, 73.3 thousand railcars
(70%) have exceeded their standard service life,
18.4 thousand have served one and a half years of
their standard service life, and, accordingly, the
wear and tear on their bodies and running gear
means an increase in accidents and traffic safety
requirements, and they should be written off. By
2026, 40 thousand railcars, or one in three, are to
be written off. At the same time, experts estimate
that the number of new railcars needed is almost
145 thousand units. That is, there is a huge shortage
of freight cars, which is partially covered by cars
from non-state-owned operating companies or
foreign cars. This state of the railcar fleet requires
its renewal. Renewal of the fleet is critically needed
- currently, only 1 railcar out of 6 meets modern
requirements [1].
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It is known [2] that the strength of structures
is due to the joint action of the following factors:
metallurgical (reflects the properties of the material
- strength, corrosion resistance, weldability,
fracture toughness, etc.), structural (takes into
account the peculiarities of the formula of parts),
technological (takes into account the peculiarities
of the manufacturing technology), operational
(reflects the operating conditions). Methods of
studying structural strength based on an integrated
approach allow taking into account the main
parameters characterizing the metal state,
manufacturing  technology, and operating
conditions to the fullest extent possible. The most
effective methodology for these purposes is the
systematic approach.

It is difficult to overestimate the cause-and-
effect relationships of failures of structural
components of railway rolling stock due to their
multifaceted role in ensuring the safety, efficiency
and economy of railway transportation. These
studies are critical to improving traffic safety, since
failures of structural elements can lead to
catastrophic consequences, including human
casualties and significant material damage. [3].

From the point of view of traffic safety,
studies[4] have been conducted that focus on the
important problem of risk prediction in the
diagnosis of freight car axle assemblies, which is of
great importance for improving the safety of rail
transportation. However, it is necessary to describe
in more detail the algorithms and methods used in
the predictive model, as well as to validate the
model on a large amount of data. Also, in
particular, insufficient attention has been paid to
improving structural reliability. Publication in a
reputable publication increases the credibility of
the model, but more information is needed for a full
analysis.

Study [5] focuses on the important problem of
the dynamic interaction of a freight car and a three-
component bogie with increasing axle load, which
is of great practical importance for improving the
safety and efficiency of freight transportation.
However, it is necessary to investigate more deeply
the influence of different types of cargo and
operating conditions on dynamic characteristics, as
well as to validate numerical models with
experimental data. In particular, insufficient
attention has been paid to analyzing issues related
to improving structural reliability.

Studies [6,7] focus on the important problem
of detecting and classifying damage to railway
gondola cars, which is of great practical importance
for improving the safety and efficiency of freight
transportation, gondola cars make up a significant
part of the freight car fleet, they are used most
intensively Fig. 1. However, it is necessary to
investigate more deeply the influence of various
factors that affect traffic safety, for a full analysis
it is necessary to analyze the cause and effect
relationships

Preventing railcar derailments depends on the
quality of maintenance, compliance with operating
rules and prompt response in emergency situations.
It is important to continuously improve monitoring
systems and staff training.

Purpose of the article and summary of the
main material

The article presents the features and results of
the analysis of the cause-and-effect relationship of
failures of the functioning of structural components
of railway rolling stock that affect train traffic
safety. Based on the analysis, an empirical Pareto
diagram was constructed on the basis of the
development of Ishikawa diagrams in terms of
traffic safety.

Based on the analysis [6-8], a traffic safety
rating for technical equipment failures is
developed, as well as a rating for traffic safety
indicators.

For 2024, the risk rating of violations by
traffic safety indicators according to [8] improved
and amounted to 1.0, compared to 2023 - it was
1.14 (Fig. 1-2.) Based on the above ratings, the
Ishikawa cause-and-effect diagram will be further
constructed. events related to violations of vehicle
safety.

It should be noted that the Ishikawa diagram is
not constructed in the classical form, and only three
types of factors affecting train safety were studied
(Fig. 3).

Analyzing the root causes according to the
Kaura Ishikawa diagram in Fig. 3, it is clear that in
2024 the main reasons affecting the number of
technical equipment failures are

- train inspection technology;

- failure to comply with the technology for
testing brakes from stationary installations,
corrosion wear and tear, and breakage of load-
bearing systems

- Inconsistency in the discharge of work;

- poor staff skills.
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Fig. 4 shows the Ishikawa diagram with cause
and effect relationships, which shows the impact of
various factors and events that affect the level of
gondola car performance.

At the stage of accidental operational factors,
the diagram identifies power; external and corrosion
effects.

First of all, it should be noted that there is no
strict, generally accepted definition of the term
“accidental operational factors”.

The diagram shows the most significant factors
affecting the durability of a gondola car. In
accordance with the diagram, five areas of research
should be organized and work should be organized
in each area according to the classification by level
3 factors. If necessary, each of the factors in the
Ishikawa diagram can be subjected, in turn, to a
cause-and-effect analysis, which greatly expands
the capabilities of this diagram.

Based on the results of the above cause-and-
effect relationships, five groups of factors are
distinguished that reduce the performance of the
studied elements of gondola bodies arising at each
stage of their life cycle. Each group of factors leads
to a mismatch in the durability of a particular
structural component.

When analyzing causality, an impact may have
a number of causal factors that can be grouped into
different categories. The causal factors are often
identified through a brainstorming exercise and are
presented in a tree structure (causal tree). A
systematic approach to identifying hazards, as a
rule, guarantees the identification of most hazards.
To apply the systematic approach, we propose to
use factor analysis, which is developed based on the
analysis of events and data from the BP.

The Pareto distribution for a random variable
X with parameters xm (minimum value, x,>0) and k
(shape parameter, k>0) is given by the following
probability distribution function:

Distribution Function (CDF)

k
1—(%”) , ifx = x,,
0, if x < xpp.
(1)

Fy(x) =P(X <x) =

Probability density function
The derivative of CDF gives the density:

k
k-x3%,

fx(x) = Jxkt1”
0, ifx<ux,.

if x > x,, 2)
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The moments of a random variable having a
Pareto distribution are given by the formula:

k-x;, .
E[X]:{k—l’ if k> 1, 3)
o, ifk<1.
Dispersion:
kl;\c,z,l .
D(X) = {(k-12(k-2)’ ifk>2, 4)
0, ifk <2.

The variance is finite only at k > 2.
Median:

M(X) = x,, - 21/,

A Pareto diagram allows you to distribute
efforts to solve emerging problems and identify the
main factors that need to be addressed to overcome
emerging problems. There are two types of Pareto
diagrams: by results and by causes. In a generalized
sense, Pareto's law leads to the self-similarity of the
ABC curve and can be a starting point for building
a multinomial factor analysis model. (Fig. 5) shows
an empirical Pareto diagram based on the 5-
parameter Ishikawa diagram

Fig. 5 shows that in this case, the priority
measures should be aimed at detecting and
eliminating faults in systems F1, F, and Fs.
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construction: stiffness and load distribution, quality
of welded joints, corrosion protection: hot-dip
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(for tanks).
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mode:intensity of use, weight loads (overloads),
operating conditions:
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Fig. 5. Empirical Pareto diagram based on the 5-parameter Ishikawa diagram
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Conclusions:

Research into the cause and effect of rolling
stock failures is a strategic area for ensuring the
competitiveness of rail transport, reducing accidents
and moving to a preventive maintenance model.
They integrate knowledge from mechanics,
materials science, cybernetics and ecology, making
them interdisciplinary and innovative.

The main causes of failures in rolling stock
structures are material fatigue, which leads to cracks
and fractures under cyclic loads and vibrations,
corrosion processes that significantly reduce the
strength of metal parts, poor repair quality that
causes repeated failures due to insufficient staff
qualifications, overloading of rolling stock that
accelerates wear and damage, extreme operating
conditions such as temperature fluctuations,
humidity and pollution that require the use of
special materials, and human error.

Despite the research conducted on the
corrosion problem and the design and technological
measures developed on the basis of their results,
corrosion is the most common type of defect in the
metal power structure of a gondola car body. This is
mainly due to the two circumstances described
below.  Firstly, the corrosion resistance
characteristics of modern metals and the methods
used to protect the structure from aggressive
environments do not ensure a low probability of
corrosion. Secondly, modern science, with a solid
amount of knowledge about the types and
mechanisms of corrosion damage, does not offer
railcar designers acceptable methods for predicting
the time of corrosion initiation and the rate of its
development.

The material considered in this work is the
basis for solving such important issues as:

- study of material (steel) properties of vehicle
parts and processes leading to their failures;

- assessment of the effect of overloading on
crack growth;

- determination of critical dimensions, shape
and position of defects.

- Corrosion prevention by design measures
such as: avoiding water stagnation (drainage holes,
inclined surfaces), sealing welds and joints, using
composite steels or rubber or plastic pads in places
of mechanical wear, for individual vehicle
components.

- Combating post-weld deformations.
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®omin O.B., Bypaynbknii O.B., Ilpuunnno-
HACJiAKOBI 3B’ I3KH BUHUKHEHHS BiTMOB
(pyHKIiOHYBAaHHA  KOHCTPYKTHBHMX  CKJAaJA0BUX
PYXOMOIo0 CKJIAAY 3aJi3HUYHOT0 TPAHCIOPTY

Cmamms po3kpugac 0cobaugocmi 8axciu8ocnii,
HAYK0B0-00CHIOHUX POOIm, 3 GU3HAYEHHS NPUHUHHO-
HAcHiOKo8UX 38'3Ki6 BUHUKHEHHS 8i0M08
@DYHKYIOHYBAHHS KOHCIPYKIMUBHUX CKIAOO0BUX PYXOMO20
CKNAOY 3aNI3HUYHO20 MPAHCNOPIY BAHCKO NEPEOYiHUMU
yepes ixHi0 bazamoepanny pois y 3abe3neuenni besnexi,
epexmusHocmi  ma  eKOHOMIYHOCMI  3QI3HUYHUX
nepegesens. Lli 00ciOHceH s, € KPUMUYHO BAMCIUBUMU
0na  nioguwyeHHss 0Oe3neku pyxy, OCKLIbKU BIOMO8U
KOHCMPYKIMUBHUX eNleMEeHMI8 MO*CYMb Npu3eecmu 0o
Kamacmpo@iunux — HACHiOKI6, BKAOUAIOYU  JTHOOCHKI
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Jlcepmeu  ma 3HAyHi mamepianvhi 30umku. Auaniz
NPUYUHHO-HACTIOKOBUX 38'3KI6 00360JA€ pO3poOUmMuU
eghekmueHi Memoou 3anobicanHs MAKUM GiOMO8AM,
MIHIMI3VIOUU PUBUKYU AGAPIUHUX CUMYAYil. 3 mouKu 30py
egpexmusnocmi  excniyamayii, O00CAIOHNCEHHS NPUYUH
8IOMO8  donomazaioms — ONMUMIZY6amu  npoyecu
MEXHIYHO20 00CIY208Y8AHHS MA PEMOHINY, 3MEHULYIOUU
ygc npocmoie ma niOsUWYIOYU HAOIUHICMb PYXOMO20
CKIA0Y, Wo 8 C80I0 Yepey, Chpusc be3nepeditinomy pyxy
BAHMAICI6 MA NACANCUPIB, NIOBUWYIOUU EKOHOMIYHY
eghekmusnicmos  3anisHuunHux nepesezenv. Ocobaugy
yeazy npuoineHo ananiszy Gaxkmopie Qizuko-mexanivozo
Xapaxkmepy nog@'si3anumMu 3 NpPOYeCcoM BULOMOGICHHS
Memany — ma — eKCWIyamayiuHozo, — mMaxkum 5K
NOWKOOHCEeHH s 8I0 Oii KOPO3IL.

Kpim moeo, naykogo-docnioni pobomu gidieparomo
KAI04Y08Y PONb Y 3HUMCEHHI eKCRLyamayiinux eumpam,
OCKINMbKU NPOCHO3YBAHHS MA 3aN00IeaHHA 6I0MOBAM
003805€ 3MEHWUMUY 00CieU PEeMOHMHUX podim ma
SHUBUMU  3G2aNbHI  eUMpPAmMU  HA  0OCLY208Y8AHHSL.
Hocniooicennss  makosc — cnpusiioms  HOOOBIHCEHHIO
MEPMIRY CYAHCOU PYXOMO20 CKAAOY, BUABTAIOUU CAAOKI
Micysi 8 KOHCmMpYKYii ma mamepianax, wjo 0038075€
pospobasmu  3ax00u  woodo iX NOCUNEHHA — mda
nokpawenus. Baowciusum acnekmom € enposadaicenis
HOBUX MEXHON02IU, MAKUX AK CUCMeMU OUCMAHYITIHO2O0
MoHimopuHey ma 0e3po36ipHa  OiaeHOCMUKA,  SKI
003601810Mb BUAGIAMU NOMEHYIUHI 6i0MOBU HA PAHHIX
cmaoisx, niosuwyrouu  pigenb  besneku — ma
egpexmusrnocmi. Hapewimi, 00cioxiceHHss RpuiuH i0mMos
donomazaioms BHUZUMU PU3UK €KON02TUHUX
Kamacmpog, 0cobauso npu nepegeseHHi HeOe3neuHux
sanmasicie,  3abesneuylouu  eKON02iuHy — Oe3nexy
3ani3HUYHUX ~ nepesesenb.  [logedeno, w0  HAYKOGO-

docnioni  pobomu €  HeBi0'€EMHOIN  UACMUHOIO
3a6e3neuenHs besnexu, eexmusHocmi ma
EKOHOMIYHOCMI 3ANI3HUYHO20 MPAHCHOPM).

Kniouosi  cnoea: Tpancnopm,  nepesesenus
BAHMAICIB, ABMOMAMU3AYIA, HAOIUHICMb, PYXOMUL
CK1a0, besneka pyxy, NPUYUHHO-HACAIOKOBI 36 SI3KU.
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