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Abstract

Modern measures aimed at reducing the operating costs are closely related to such concepts as life cycle cost (LCC) and
RAMS-approach (Reliability, Availability, Maintainability, Safety). The article analyzes the existing standards that
regulate their usage. The purpose of the study is to improve the procedure for determining the renewal costs of
locomotive nodes with due regard to dependent failures. To describe the propagation of dependent failures in the
system, the authors propose to use the wave approach. The impact of dependent failures on the system is determined on
the basis of information about the relationship between elements and data from a technological-economic map
concerning the renewal costsr of locomotive nodes. To take into account the probabilistic nature, the authors suggest
using the methods of expert research for determining the probability of failures of dependent elements. The authors
proposed the procedure for determining the probability of the locomotive nodes breakdown considering the dependent
failures. The method of calculating an average price of the unplanned repair, considering the dependent failures of
interrelated elements was improved. For the first time, a recurrence relation on a set is deduced, by which the volume of
damage is calculated at dependent failures of elements in a complex system. The factor, which will allow assessing the
impact of dependent failures on the maintenance system and the life cycle cost of a locomotive, is proposed. On the
basis of the proposed method, the calculations for the electric equipment of electric locomotives, DE1 series were made.
A comparison of the renewal costs of the electrical equipment without/with considering the dependent failures of
related elements was made.
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1. Introduction

Among the main measures aimed at increasing the efficiency of railway transport, is the activity for reducing the
operating costs and maintenance of vehicles [1].

Decision making by transport companies for the acquisition and modernization of rolling stock is implemented
through not only comparing of technical characteristics and costs of acquisition (or modernization). Gradually, the
indicator «Life Cycle Cost» (LCC) of a locomotive becomes an obligatory element of calculations. The value of
capitalized expenses for the acquisition of the new traction rolling stock begins to be substituted by the costs in all
phases of the life cycle of a locomotive [14-16]. In world practice the most common approach when developing the life
cycle control systems is using RAMS (Reliability, Availability, Maintainability, Safety) one.

The principal features, designation and key terminology related to RAMS and LCC of rail transport facilities are
provided in European Standard NF EN 50126-1-2000 [2]. The mathematical expressions for reliability, availability,
serviceability and maintenance support are given in IEC 61703: 2016 [3]. Life cycle cost calculations are given in IEC
60300-3-3: 2017 "Reliability Control. Part 3-3. Implementation Guidance. Calculation of the life cycle cost" [4]

The LCC concept is widely used in the development of decision-making models upon modernizing the traction
rolling stock, factoring in the characteristics of RAMS, performance indicators and environmental friendliness [1].

An example of the practical application of RAMS approach to assess the security status of a locomotive facility
using the integral index is given in [5, 6].

One of the LCC elements is the costs of servicing the locomotive, the value of these expenses depends on the
figures of merit and the adopted maintenance work system. Reduction of operational costs and increase in reliability is
achieved by the introduction of modern means of technical diagnostics at all stages of the life cycle of a locomotive.
Approaches and examples in the implementation of technical diagnostic tools and their impact on the operating cost of
rolling stock are presented in [17, 19]. Procedures for assessing the cost effectiveness of a locomotive maintenance
system and their relationship with diagnostic systems are presented in [7, 8, 13, 17]. In order to advance the procedure
for calculating the cost of the locomotive maintenance system, the authors propose to consider dependent failures of
nodes. The dependent failure is defined in [9] as a failure of an object, caused directly/indirectly by a failure of
malfunction of another object.

In the complex technical system dependent failures are discussed in relation to the impact of one element failure
on the reliability of its dependent elements, planning in the supply of spare parts, optimization of the rolling stock fleet
[10-13, 20-22]. That is, a failure of one element can lead to malfunction of the associated elements in the system. In
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The obtained values in assessing the node failure impact on the renewal costs of the locomotive is appropriate to
use in the development of locomotive diagnostic systems. The nodes that have the highest value of the impact factor, if
technically possible, it is advisable to equip with technical diagnostic tools. An economic assessment of the feasibility
in implementing technical diagnostic tools can also be performed by comparing the cost of the technical means with the
possible costs for restoring the locomotive.
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