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The operating conditions of railway rolling stock require the implementation of 

reliable, cost-effective, and risk-oriented maintenance systems (MS). Traditional 

time- or schedule-based maintenance approaches do not adequately account for the 

variability of operating conditions and the actual technical condition of components, 

which often leads to premature or, conversely, delayed repairs. Under these 

circumstances, the transition to adaptive maintenance systems capable of utilizing 

predictive models and big data analytics becomes increasingly relevant [1]. An 

important foundation for such an approach is provided by international standards on 

risk management and RAMS, which define general requirements for the reliability 

and safety of railway systems, namely EN 50126-1:2017 and ISO 31000:2018. 

Risk-oriented management makes it possible to assess the probability of failures 

and the severity of their consequences [2], which is particularly important for 

complex technical systems with long life cycles, such as railway rolling stock. At the 

same time, the development of digital technologies and intelligent diagnostic tools 

creates favorable conditions for the formation of adaptive maintenance systems that 

integrate condition monitoring, forecasting, and risk assessment. 

During the operation of rolling stock, a wide range of technical risks arise, 

associated with wear, failures, and degradation of mechanical, electrical, and 

electronic systems. Typical risks include failures of bearing assemblies, degradation 
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of insulation in traction electric motors, overheating of axle-box bearings, 

malfunctions in electronic control systems, and defects in braking equipment. 

Sustained loads on complex systems over time increase the likelihood of critical 

failures, the consequences of which may be significant both for operational safety and 

economic efficiency. 

Organizational and technological risks encompass personnel errors, deviations 

from prescribed maintenance procedures and violations of load regimes, inadequate 

assessment of technical condition, and a low level of integration of monitoring 

systems [3, 4]. The combination of these risks determines the need for a systematic 

approach to their analysis, as prescribed by the RAMS methodology in EN 50126-

1:2017. The increasing complexity of electronic and digital systems in rolling stock 

gives rise to a new group of risks related to failures of sensors, control modules, and 

digital communication channels, which emphasizes the importance of reliable 

diagnostic and prognostic tools [2]. 

Methods for incorporating operational risks are based on the integration of risk-

oriented analysis with modern diagnostic and prognostic technologies. Risk-Based 

Maintenance approaches enable the evaluation of risks according to the probability of 

failure and the severity of their consequences, which is consistent with the general 

principles of risk management defined in ISO 31000:2018 [1]. FMEA and FMECA 

methods are widely used to classify failures by criticality and to establish 

maintenance priorities, in accordance with international RAMS requirements 

specified in EN 50126-1:2017. 

An essential component of an adaptive maintenance system is the use of 

telemetry, intelligent monitoring systems, and failure prediction algorithms. 

Predictive maintenance based on the analysis of large data sets enables the estimation 

of the remaining useful life of components and the early detection of anomalies [3]. 

The implementation of these methods makes it possible to establish a life-cycle-

oriented maintenance framework that accounts for changes in technical condition 

over time, reduces operating costs, and increases the overall reliability of rolling 

stock [5]. 

An adaptive rolling stock maintenance system built on life-cycle risk assessment 

provides a new level of efficiency and operational safety in railway transport. The 

integration of risk-oriented analysis methods, digital diagnostics, and failure 

prediction makes it possible to minimize critical risks, thereby optimizing costs and 

ensuring a high level of technical availability of transport assets. This approach is 

consistent with current international trends in the development of reliability 

management systems and represents a promising direction for improving rolling 

stock operation under conditions of digital transformation of the industry. 
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У контексті зростаючих вимог до енергоефективності, надійності та 

економічності тягового рухомого складу важливим напрямом технічного 

розвитку є удосконалення характеристик локомотивів, які мають якомога 

точніше відповідати умовам експлуатації.  

Як показано у [1], перспективним для застосування на промислових 

маневрових локомотивах є груповий привід колісних пар, один з варіантів 

якого може бути створений з використанням мономоторних візків. У [2] 

визначені технічні вимоги до тепловозів промислового транспорту. Зокрема 

вказано, що сила тяги тривалого режиму має становити 235…250 кН, сила тяги 

при рушанні з місця – 275…352 кН. З урахуванням того, що осьове 

навантаження не може перевищувати 25 т, сила тяги при рушанні з місця для 

чотиривісного локомотиву може бути прийнята 300 кН. Також у [2] 

визначається, що при експлуатації промислового локомотиву його максимальна 

швидкість має складати 55 км/год, а транспортна швидкість – 80 км/год. На 

основі цих даних проведено розрахунки величини моменту тягового 

електродвигуна і його частоти обертання при різному передатному відношенні 

тягового редуктора мономоторного візка (рис.1). 


