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Abstract. The paper substantiates the need to improve the existing strategy in organization of maintenance and repair of
locomotives. Many railway companies continue to use the preventive maintenance system for railway engines repairs. This
system of maintenance requires considerable funds for repair work, and the amount of repair work not always corresponds
to the actual technical condition of the locomotive. The usage of this approach in the organization of maintenance can be
considered as morally obsolete. Especially this approach is not effective for locomotives equipped with on-board diagnostic
systems. The analysis of maintenance and repair system for locomotives used on Ukrainian and Lithuanian railways is car-
ried out. Alternative approaches to the organization of the locomotive maintenance system and experience of their use in the
world are considered. Approaches and methods for the development of an intelligent strategy of maintenance and repairs
are proposed. Requirements to the structure and contents of the baseline data for the development of intelligent systems
are formulated. A technology for the collection and processing the information of the diagnostic systems for the intellectual
strategies development of technical content is proposed. The transition to more advanced strategy of hauling equipment
maintenance will lead to a reduction in the cost of repairs while achieving a high level of reliability.
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In most cases, speaking about intelligent (Smart)
transport technologies, first of all, one means different
rolling stock and infrastructure management systems,
information monitoring and security systems, interac-
tive systems of customer communication and so on.
In addition to these systems, it is necessary to develop
intelligent systems for the organization of repair and
maintenance of rolling stock for the improvement of
all modes of transport. The purpose of creating such
systems is to reduce operating costs while improving
reliability and traffic safety.

In general, the maintenance (repair) strategy is a
system of rules (a set of provisions) for managing the
technical state of a product in the process of mainte-
nance (repair). At this, the adopted rules and regulati-
ons are based on the usage of diagnostics, forecasting
theories, automatic control, probabilities, machine re-
liability and optimization [5].

Developments of intelligent strategies of repair ma-
nagement are conducted for various modes of trans-
port [1-5], including for railway transport. When or-
ganizing repair of locomotives, existing strategies for
organizing of intelligent life-cycle management sys-
tems (system management of maintenance) used in ot-
her transport industries can be applied. The possibility
of using the existing strategies is explained by the ana-
logy of the physical processes leading to failures and by
similar purposes of creating the such systems.

The development of intelligent strategies for or-
ganizing the repair of rolling stock must first of all be
performed for locomotives, since the locomotive is a
technically complex object with a high cost. Modern
locomotives are equipped with on-board diagnostics
systems. For example, on Ukrainian railways there are
electric locomotives DS3, VL11M/6, fast-speed passen-
ger trains HRCS2; on the Lithuanian railways ER20CF
diesel-electric locomotives are operated, diesel-electric
trains 620M, 630M, electric trains EJ575.

The review given in [4, 7] considers intelligent sys-
tems of analyzing data and monitoring the state of lo-
comotives developed by leading world companies, as
well as managing the reliability of a locomotive fleet.
Companies provide their services to owners of rolling
stock equipped with on-board electronics systems. The
general trends of the developed systems are: usage of
wireless technologies for data transmission, remote
monitoring of the technical state of the locomotive,
usage of date analysis technologies for a large amount.
An increase in the time of the locomotive usage, reduc-
tion of failures in the route, reduction in the time spent
in the depot is the result of using the locomotive fleet
management systems.

The development of an intellectual strategy for the
technical maintenance of locomotives requires the use
of a systematic approach, since the objective of the sys-
tem is to manage with the reliability of the entire lo-
comotive fleet and plan the work of the repair units.
When developing a strategy for the technical mainte-
nance of locomotives, it is necessary to solve the follo-
wing problems:

1. Development of a technique for the nodes ranking
according to the degree of their impact on locomo-
tive efficiency and traffic safety.

2. Development of a technique for choosing a node
that limits the setting of the entire locomotive for
repair based on the results of diagnosis.

3. Choice of the criterion, according to which the lo-
comotive is planned to be repaired when it is selec-
ted from the general locomotive fleet.

4. Development of a technique for determining the re-
sidual technical resource for the node, system and
the locomotive in general.

5. Development of a technique for determining the ra-
tional volume of locomotive repair operations.

6. Development of a technique for planning the loa-
ding of repair units, taking into account the techni-
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cal state of the locomotive fleet and the volume of

planned repair work.

7. Development of a technique for planning the logis-
tic support for repair units, taking into account the
technical state of the locomotive fleet and the volu-
me of planned repair work.

8. Choice of the criterion for the organization of con-
trol systems for the reliability of rolling stock fleet
using diagnostic results.

9. Technology development of organizing the collecti-
on, analysis and storage of information of the loco-
motive fleet reliability management system.

The structural scheme of the proposed intellectual
strategy for locomotive fleet management is shown in
Figure 1. The initial data for the locomotive fleet ma-
nagement system is live data of operation (actual mile-
age, performed work), data on performed repairs (type
of repair, date and mileage at the time of repair), and
data of diagnostic systems. Based on the initial data,
the control system selects the locomotives from the ge-
neral fleet in accordance with the used criteria and po-
tentials of the repair units.

An integral part of the intellectual strategy for or-
ganizing the repair of rolling stock is the maintenance
and repair system. The maintenance and repair system
includes a combination of technical means, regulatory
documentation for maintenance and repair, and con-
tractors. The objective of the technical maintenance
system of vehicles is constant monitoring and main-
tenance of their technical condition and reliability at a
level sufficient to fulfill their assigned functions or re-
adiness for usage and performance of operating objec-
tives. In general, such service systems in the theory of
the organization of repair and maintenance of techni-
cal means are as follows:

— maintenance and repair system for failure,

— routine-preventive system,

— repair system upon actual status,

— combined maintenance and repair system.

The Lithuanian and Ukrainian railways use a rou-
tine-preventive system of maintenance and repair for
locomotives. It is known that the routine-preventive
system of maintenance requires considerable funds for
repair work, and the amount of repair work not alwa-
ys corresponds to the actual technical condition of the
locomotive. The usage of such approach in the orga-
nization of maintenance can be considered as morally
obsolete. Especially this approach is not effective for
modernized locomotives and new ones equipped with
on-board diagnostics systems. Maintenance systems
taking into account the actual technical condition of
the locomotives or the combined system of mainte-
nance are more progressive. For example, linking of
repair intervals to the hours of a diesel operation does
not take into account the diesel operating modes, idle
speed or run positions.

When using diagnostic systems, it becomes possi-
ble to take into account the power realized by the die-
sel-generator set (for diesel-electric locomotives with
electrotransmission). It more accurately reflects the
performed work and takes into account the operating
conditions.

In order to use the results of diagnostic systems, it is
necessary to create information-and-technical centers
for managing the technical condition of locomotives.
The objective of these centers is the development and
implementation of supporting systems for maintenan-
ce and repair of locomotives in live mode.

The work of these systems should be based on mo-
dern mathematical methods using: reliability theory,
statistical analysis, fuzzy logic systems and neural net-
works, queuing theory, logistics methods, etc. The de-
velopment of such systems is a time consuming and
science-intensive objective. The transition to a more
advanced maintenance system of the locomotive fleet
will be a result of their introduction. It will lead to a
reduction in repair costs, while ensuring a high level
of reliability. A simple control of the repair intervals in
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Figure 1. Structural diagram of the intellectual strategy of locomotive fleet management
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the direction of increasing or decreasing their values is
an analogy of guessing the answers, which can have se-
rious consequences both from technical and economic
points of view [6].

When researching the technical state of locomotive
nodes upon the results of diagnosis, statistical methods
of research are the most common ones. Statistical met-
hods are based on the forecasting the failure situation
of a locomotive node, taking into account the statisti-
cal law of the residual resource distribution. The tech-
nology of using such methods is known, it consists in
the statistical analysis of data sets. Using the existing
mathematical packages in order to analyze statisti-
cal data greatly simplifies the calculation process. The
main problem of usage of statistical methods is the de-
termination of the criterion, that is, the parameter by
which the change in the technical state of each parti-
cular node and the locomotive unit will be evaluated,
as well as the determination of the corresponding law
by which this parameter occurs. Usage of statistical
methods is expedient only if the law of variation in the
technical state of each particular node corresponds to
one of the basic types of distribution laws for which the
basic calculated relations are known.

Analysis of modern methods of the diagnostic re-
sults and forecasting changes of parameters in different
technical areas has shown that to date neural networks
are widely used in solving of various problems in diffe-
rent fields of human activity. Neural networks are acti-
vely used wherever conventional algorithmic methods
prove to be ineffective or completely impossible.

The neural network functions similarly to the hu-
man brain; the principle of its operation is the paral-
lel operation of many simple elements (neurons) and
their interaction with each other. In the human brain,
neurons interact through a series of pulses lasting se-
veral milliseconds. Each pulse represents a frequency
signal with a frequency of several to hundreds of hertz.
The frequency of neuron interaction is much less than
the frequency of modern computers, but at the same
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time, the human brain can process analog information
much faster than a computer, that is: recognize images,
detect taste, recognize sounds, read the handwriting of
others, and operate with qualitative parameters. All
this is realized through a network of neurons connec-
ted by links. In other words, the brain is a system of pa-
rallel processors, working much more efficiently than
popular now sequential calculations, which allows us
to talk about the promise of neural networks.

The main question that can be solved in the study
of the technical state of locomotive nodes using neu-
ral networks is the problem of the classifying the loco-
motive node failures, determining the technical state
of the locomotive based on an analysis of the previous
experience and the results of their diagnosis. Artificial
neural networks can be used to solve the problem of
classifying the faults of locomotive nodes and forecas-
ting the values of the nodes parameters. The architec-
ture of an artificial neural network, which has the name
of a multilayer perceptron, received the most common
application to solve these problems. The structure of
the multilayer perceptron is shown in Figure 2.

An example of a neural network [9] used for stu-
dying the traction motors operation of DE1 electric lo-
comotives is shown in Figure 3. The list of controlled
parameters is established in accordance with the list of
parameters controlled by the on-board diagnostics sys-
tem of DE1 electric locomotives.

Figure 2. Structure of the multilayer perceptron. A - input layer
of neurons, B - hidden layer of neurons, C - output layer of
neurons, X - set of input signals, Y - set of output signals, w —
weighting coeflicients of links between neurons

Neural network

Figure 3. Structure of the neural network for the study of the traction engines operation of DE1 electric locomotives
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When solving the problem of classifying faults of
locomotive nodes using the multilayer perceptron, the
controlled node is characterized by a set of parameters.
For analysis, it is necessary to determine the possible
number of serviceable and unserviceable technical sta-
tes of this node. Based on the control parameter sets, it
is determined to which class the node belongs, that is, it
is necessary to choose the exact technical state to which
the node belongs. The availability of sufficient data will
allow solving the problems of changes forecasting in the
technical condition of the nodes. Electric locomotives
DEI are equipped with an on-board diagnostic system,
its operation results can be processed using neural net-
works, which will increase the efficiency of the diagnos-
tic system and the reliability of electric locomotives.

In addition, neural networks allow solving the pro-
blems of approximation, determining the unknown
law of changing the values of the sampled data. A fe-
ature of neural networks is the ability to analyze data
subject to complex multidimensional dependencies, as
well as data analysis distorted by external noises.

The above considered examples allow us to talk
about the prospects of using the neural networks and
systems of not clear logic for analyzing the technical
state of locomotives. The mathematical apparatus of
neural networks is designed at a sufficient level, which
makes it possible to use applied mathematical packa-
ges for the analysis of data sets.

The result of the introduction of intelligent control
systems for the reliability of the locomotive fleet will be
the transition from a routine-preventive strategy to a
maintenance one taking into account the actual state
and results of diagnosis.

The main advantages of the intellectual strategy of
the locomotive fleet maintenance are as follows:

— possibility of forecasting the failure of locomotive
units on the basis of an individual operating history
and forecast models;

— diagnosis and accounting of the work performed
by the locomotive without entering the depot of the
registry, remote monitoring of the technical state of
the locomotive;

— automation of the planning and organization pro-
cess of repair services, taking into account resour-
ces limitations and the consequences of possible
failures.

The introduction of such systems is obvious and
unavoidable for a locomotive fleet, in view of the rate
of development of artificial intelligence systems and
the analysis of large amounts of data. The first stage of
the introduction of such systems is the creation of au-
tomated systems of accumulation and date analysis on
the reliability and operation of a locomotive fleet.

References

1. Bodnar, B. Ye., Ochkasov, A. B., Bobyr, D. V. Improving ope-
ration and maintenance of locomotives of ukrainian railway.
Technologijos ir Menas Technology and Art, 2016, No. 7,
p.109-114

2. Bodnar, B. Ye., Ochkasov, A. B. Povysheniye ekspluatatsionnoy
nadezhnosti podvizhnogo sostava: razvitiye sistem diagnosti-
rovaniya [Increase of operational reliability of rolling stock:
development of diagnostic systems]. Lokomotive Inform,
2011, No. 1-2, P.56-58.

3. Bodnar, B. Ye,, Ochkasov, A. B, Shvets, O. M. Primeneniye ne-
yronnykh setey dlya opredeleniya tekhnicheskogo sostoyaniya
lokomotivov [Application of neural networks for determining
the technical state of locomotives]. Lokomotive Inform, 2009,
No. 9-10, p.4-6.

4. Khabardin, V. N., Chubareva, M. V. Sovremennyye strategii
tekhnicheskogo obsluzhivaniya i remonta mashin v selskom
khozyaystve [Modern strategies of maintenance and repair of
machines in agriculture]. Scientific-Practical Journal Vestnik
IrGSHA, 2014, No. 60, p.124-132.

5. Nauchnyye osnovy postroyeniya sistemy tekhnicheskogo
obsluzhivaniya i remonta samoletov grazhdanskoy aviatsii:
uchebnoye posobiye [Scientific basis for the construction of
the maintenance and repair system of aircrafts in civil avia-
tion: Study guide]. Moscow: MGTU GA, 1994.ISBN5-86311-
030-9.

6. On-board locomotive monitoring technology (part 1) [inte-
ractive]. Access via Internet: http://www.progressiverailroa-
ding.com/mechanical/article/On-board-locomotive-monito-
ring-technology-part-1--47893.

7. On-board locomotive monitoring technology (part 2) [inte-
ractive]. Access via Internet: http://www.progressiverailroa-
ding.com/mechanical/article/On-board-locomotive-monito-
ring-technology-part-2--48179.

8. Skalozub, V. V., Osovik, V. M. Indyvidualni intelektualni mo-
deli dlia ekspluatatsii odnoridnykh zaliznychnykh tekhnich-
nykh system na osnovi parametriv potochnoho stanu [Indi-
vidual intellectual models for the operation of homogeneous
railway technical systems based on the parameters of the cur-
rent state]. Information and Control Systems on the Railway
Transport., 2014, No. 6, p.8-12.

9. Technology update: On-board monitoring systems [interac-
tive]. Access via Internet: http://www.progressiverailroading.
com/mechanical/article/Technology-update-On-board-mo-
nitoring-systems--51300.

10. Vaychunas, G.; et al. Obosnovaniye mezhremontnykh perio-
dov modernizirovannykh teplovozov litovskikh zheleznykh
dorog [Justification of the repair intervals of modernized die-
sel locomotives on the Lithuanian railways]. Problems and
Perspectives of Railway Transport Development: Theses of the
77th International Scientific and Practical Conference (11.05-
12.05.2017). Dnipro, 2017. P.4-6.



