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Abstract. Modern methods for analyzing and assessing the reliability of complex technical systems 

consider only its individual elements. The specifics of structural-functional interactions and integration into 

subsystems of different hierarchical levels are not taken into account. Studies show that analyzing the 

reliability of urban electric transport, also focus on individual components: the reliability of electric traction 

rolling stock, the reliability of the power supply system, the reliability of the track infrastructure, etc. The 

authors propose an approach that allows to consider urban electric transport as a complex technical system 

consisting of several levels that are hierarchically subordinate. Each level combines the components directly 

involved in the transmission and transformation of electric power into mechanical operation of the rolling 

stock under the influence of the external environment by means of traction electrical equipment. This 

approach will allow to develop the theoretical foundations of methods for analyzing the impact of the 

reliability of individual components of a complex technical system of urban electric transport on the 

effectiveness of the electric traction implementation. 

1 Introduction 

In the system of urban passenger traffic, such types of 

electric transport as the trolleybus, tram and metro are 

mainly used due to their high productivity and 

environmental friendliness. The main feature of such 

transport is the use of electric traction, which provides 

transmission and conversion of electric power by 

traction electrical equipment (TEE) into mechanical 

work of rolling stock through the provision of 

technological and production tasks of the transport 

process [1, 2]. 

Under the urban electric transport (UET) system, in 

terms of its technical implementation, we will 

understand the production functioning and developing 

system, which is a combination of electric vehicles, 

transport infrastructure, transport enterprises and 

management systems aimed at the most complete 

satisfaction of the needs of the urban population on trips 

within the urban agglomeration. 

UET can be considered as a complex technical 

system (CTS) [1, 3]. In accordance with [4], by the 

system we mean a set of elements defined in time and 

space with known properties and with ordered 

connections between the elements and properties 

oriented towards the fulfillment of the main task of the 

given set. In some cases [5] use the term complex 

dynamic system - the formation of elements of different 

nature, which has functions and properties that are 

missing from each of the elements and is able to 

function, statically correlating in a certain range with the 

environment and, due to this, maintain its structure 

during continuous changes in the interactions of 

elements according to complex dynamic laws. UET also 

exists among other objects, united by the concept of 

"external environment". The objects of the external 

environment are connected with the elements of the 

system; however, this connection is significantly weaker 

than the internal connections in the system. Elements are 

parts or components of a system conditionally accepted 

as indivisible. The internal structure and properties of an 

element are not the subject of research and study, only 

such properties are significant, which manifest 

themselves in the interaction with other elements and 

affect the properties of the system as a whole. The 

division of the system into elements is relative and 

depends on the task and objectives of the study; 

otherwise, in other aspects, the element can be 

considered as a CTS. The combination (integrity) of 

elements and properties is an important distinctive 

criterion of the system. 

Also for CTS is peculiar the possibility of dividing it 

into subsystems - a set of system elements that function 

independently [5]. In this case, the goals and objectives 

of the functioning of the subsystem itself, possessing 

some separateness, are subordinated to the general goals 

of the system. 
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2 Materials of theoretical study 

Full and effective use of UET for the implementation of 

the passenger transportation process largely depends on 

the technical condition of its elements and is largely 

determined by the reliability of their operation. In 

accordance with [6], reliability is understood as the 

property of readiness and reliability and repairability 

properties affecting it, and maintenance support. 

Previously, the definition of this term [7] was the 

following: reliability is the property of an object to 

preserve, within the established limits, the values of all 

parameters characterizing the ability to perform the 

required functions in specified modes and conditions of 

use, maintenance, storage and transportation. Reliability 

is a complex property, which, depending on the purpose 

of the object and the conditions of its use, may include 

reliability, durability, maintainability and persistence, or 

certain combinations of these properties. The 

effectiveness of its application largely depends on the 

reliability of the equipment - the ability to meet the 

requirements for the service with given quantitative 

characteristics [6], which depends on a combination of 

capabilities and readiness for use. Therefore, UET 

should be considered as a single CTS, consisting of a 

large number of different elements that interact to ensure 

an efficient electric traction process. 

Analysis of scientific literature allows us to conclude 

that the consideration of the issues of reliability of UET 

is mainly focused on the assessment of the reliability of 

its constituent elements and does not imply their 

synthesis into a single CTS. Failures of individual 

elements do not lead to the loss of efficiency and 

efficiency of the entire UET, but the pace and quality of 

the performance of the specified functions is reduced, so 

an objective need arises in assessing the reliability of the 

entire system as a whole. Highlight the following main 

areas of research on the operational reliability of UET 

elements can be distinguished: reliability of electric 

rolling stock [8-11]; reliability of the traction power 

supply system [12, 13]; reliability of the track route [14-

16]. 

There is a large amount of literature devoted to the 

reliability of individual units, assembly units and 

assemblies of different physical nature and purpose, 

which are used both as separate elements and as part of 

technical devices. Evaluating the reliability of UET, a 

systematic approach is needed, which involves first 

calculating the reliability indices of simpler subsystems 

and elements, and then grouping the results obtained in a 

certain way in order to obtain the characteristics of the 

system. 

In the structure UET allocate the following technical 

means [1, 3]: electric rolling stock (ERS); track facilities 

and roads that form the transport network; plants and 

depots providing maintenance and repair of ERS; power 

supply devices; communication and blocking devices; 

means of organizing and controlling traffic. Figure 1 

shows the interaction between these subsystems. 

The reliability study of UET, as a CTS consisting of 

a large number of elements, is proposed to use the 

following subsystems directly involved in the 

transmission and transformation by means of a 

feasibility study of electric power into the mechanical 

operation of rolling stock under environmental 

conditions: traction ERS subsystem; path subsystem; 

traction power supply subsystem.  

 

Fig. 1. Diagram of the interaction of subsystems CTS. 

Further specification and formation of additional 

subsystems in the composition of the UET is not always 

justified in the analysis of reliability, because: 

- the required level of reliability of the equipment is 

laid at the development stage, and then, through proper 

operation and timely maintenance, it can only be 

maintained. It is possible to increase the achieved level 

of reliability only by upgrading the technical object 

itself. In this regard, it is possible to omit consideration 

of the issues of reliability of the means of organizing and 

controlling traffic, since the issues of efficient use of 

ETS, in this context, belong to the field of theories of 

electric traction and transport logistics; 

- in spite of the fact that ERS is a renewable CTS, the 

reliability of plants and depots providing maintenance 

and repair of ERS does not affect the reliability of the 

system as a whole, but rather depends on the 

professionalism and training of personnel [17]. 

Therefore, in the formation of mathematical models, it is 

possible to accept the assumption that the restoration of 

the failed elements is carried out within the deadlines set 

by the regulatory and technical documentation; 

- the mathematical model of any CTS should not be 

“overloaded” by taking into account all sorts of factors, 

as this leads to complication of calculations, and often to 

distortion of the results and the inadequacy of the model 

to the original. Therefore, when forming the structure 

and composition of ETSG, it is necessary to be guided 

by the necessary completeness and reliability of a certain 

part of the properties (in our case, reliability) of the 

original, which is essential precisely in this study and in 

the given formulation of the problem. 

According to the system approach to assess the 

impact of reliability on the efficiency and quality of the 

operation of UET, it is advisable to apply a structural 

decomposition method, the essence of which is to divide 

the system under study into subsystems (components) of 

a lower hierarchy level, which will replace the solution 

of one large task with a solution of a series of tasks of 
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less complexity. Figure 2 presents a variant of the UET 

decomposition for the purpose of the subsequent analysis 

of its reliability, assuming the selection of four levels in 

the system structure.  

UET is located at the initial level; subsystems of 

electric rolling stock, traction power supply and rail 

network are located at the first level (in the case of use as 

a ERS, tram or subway cars); the second level is 

represented by electrical and engineering systems that 

are part of the subsystems of the 1st level; on the third 

(lower) level are the elements of the complexes (TEE 

and mechanical equipment). It is also possible to select 

components of a lower level in the UET elements - 

assembly units, assemblies, units; however, as 

mentioned above, the reliability assessment of these 

technical means (devices) has been studied and studied 

sufficiently earlier. Therefore, such a degree of detail of 

the description and the number of levels of the 

hierarchical structure of UET, such as the CTS, can be 

considered sufficient and convenient for perception, and 

also corresponds to the modern level of knowledge of a 

specialist in the field of reliability [17]. 

3 Conclusion 

The quality of the operation of UET is estimated by the 

performance indicator, hence the task of assessing the 

reliability of the system is reduced to determining its 

effect on the system's efficiency. For these purposes, it is 

convenient to use a complex indicator - the coefficient of 

efficiency preservation. In accordance with [18], the 

coefficient of efficiency K_ef retention is the ratio of the 

value of the indicator of the effectiveness of a product 

for a certain period of operation W(t) to the nominal 

value of this indicator W_0 (t) calculated under the 

condition that no product fails during this period. 

Calculated in such a way K_ef, it will be possible to 

estimate the deviation of the calculated parameters of the 

efficiency of the UET functioning from the nominal 

value, taking into account the reliability of its constituent 

elements, and, if necessary, take measures aimed at 

raising it. 

Thus, the task of analyzing ETSC as an object of 

research into reliability comes down to assessing the 

reliability of its subsystems, complexes and elements, 

and the subsequent synthesis of the results obtained. This 

approach is possible both at the stage of creating a new 

UET in a urban agglomeration, and in relation to existing 

megacities in the process of modernizing transport routes 

by introducing new sections. 
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